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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.


      
        One of world's fastest ocean currents is remarkably stable, study finds
        Scientists found that the strength of the Florida Current, the beginning of the Gulf Stream system and a key component of the global Atlantic Meridional Overturning Circulation, or AMOC, has remained stable for the past four decades.

      

      
        Path to prosperity for planet and people if Earth's critical resources are better shared
        Earth will only remain able to provide even a basic standard of living for everyone in the future if economic systems and technologies are dramatically transformed and critical resources are more fairly used, managed and shared, according to an international research team.

      

      
        Avian flu found in wastewater of 10 Texas cities through virome sequencing
        Avian influenza A(H5N1) virus, which spread to cattle and infected 14 people this year, was detected using virome sequencing in the wastewater of 10 Texas cities.

      

      
        New map shows where landslides are most likely to occur in U.S.
        Landslides are a common hazard in the US. In fact, nearly 44% of the country could experience one, potentially catastrophically. Our new national landslide susceptibility map shows where they're most likely to happen.

      

      
        New insights could help prevent psychosis relapses in youth and young adults
        New findings could help clinicians understand the course of delusions in youth and young adults that signal the need for a timely intervention to prevent a full relapse of psychosis.

      

      
        Biogeochemists make recommendations for tackling 'hidden' phosphorus
        As the world tries to mitigate agriculture's effect on the environment, much of the story can be found in the soils, which stores and cycles nutrient elements of carbon, nitrogen, and phosphorus. Biogeochemist are set to find answers, but, the challenge is first being able to accurately measure where phosphorus has accumulated in the <100 years since humans began to increase the amount of the nutrient element in the biosphere.

      

      
        New, rare type of small cell lung cancer identified
        A team of doctors and researchers have identified a new, rare type of small cell lung cancer that primarily affects younger people who have never smoked.

      

      
        Light pollution a new Alzheimer's risk factor
        Outdoor light at night could be a significant risk factor in Alzheimer's disease, according to new research from Rush.

      

      
        Human 'molecular map' contributes to the understanding of disease mechanisms
        Scientists have created an intricate molecular map of the human body and its complex physiological processes based on the analysis of thousands of molecules in blood, urine and saliva samples from 391 volunteers. The data was integrated to create a powerful, interactive visual web-based tool called Connecting Omics (COmics) that can be used to investigate the complex molecular make-up of humans and discover underlying traits associated with various diseases.

      

      
        Can having a stroke change your sleep?
        People who have had a stroke may be more likely to sleep too much or too little compared to those without prior stroke, according to a new study. The study does not prove that stroke causes abnormal sleep; it only shows an association.

      

      
        Magnetic field maps of the sun's corona
        Astronomers have achieved a major breakthrough in solar physics by successfully producing detailed maps of the Sun's coronal magnetic fields. This milestone promises to enhance our understanding of the Sun's atmosphere and how its changing conditions lead to impacts on Earth's technology-dependent society. The corona, or the Sun's outer atmosphere, greatly influences solar winds and space weather events like solar flares and coronal mass ejections. However, the magnetic forces that drive these ev...

      

      
        How many people have A-Fib? Three times more than we thought
        Atrial fibrillation, a rapid, irregular heart beat that can lead to stroke or sudden death, is three times more common than previously thought, affecting nearly 5% of the population, or 10.5 million U.S. adults, according to new estimates.

      

      
        Self-medicating gorillas and traditional healers provide clues for new drug discovery
        Four plants consumed by wild gorillas in Gabon and used by local communities in traditional medicine show antibacterial and antioxidant properties, researchers report.

      

      
        Researchers develop a stretchable, wearable device that lights up an LED using only the warmth of your skin
        Researchers have developed a flexible, durable electronic prototype that can harvest energy from body heat and turn it into electricity that can be used to power small electronics, such as batteries, sensors or LEDs. This device is also resilient -- it still functions even after being pierced several times and then stretched 2,000 times.

      

      
        Newly discovered antimicrobial could prevent or treat cholera
        Researchers identified the first known microcin, a group of naturally produced antimicrobials, that targets the strains of bacteria that cause cholera.

      

      
        Microscale robot folds into 3D shapes and crawls
        Researchers have created microscale robots less than 1 millimeter in size that are printed as a 2D hexagonal 'metasheet' but, with a jolt of electricity, morph into preprogrammed 3D shapes and crawl.

      

      
        Genes with strong impact on menopause timing also link to cancer risk
        The team first looked at variation in data from genetic sequencing of 106,973 post-menopausal female participants in the UK Biobank study. Researchers focused on rare types of genetic changes which cause a loss of the protein, and investigated their effect on the timing of menopause. The genetic changes studied are all rare in the population, however their influence on menopause is five times greater than the impact of any previously identified common genetic variant.

      

      
        Discovery of a new phase of matter in 2D which defies normal statistical mechanics
        Physicists have created the first two-dimensional version of the Bose glass, a novel phase of matter that challenges statistical mechanics.

      

      
        Clinical trials inappropriately excluding people of African/Middle Eastern descent, new research shows
        Many clinical trials of new cancer drugs may be inappropriately excluding some people with Duffy-null phenotype, a trait found predominantly in people of African or Middle Eastern descent, researchers report in a new study.

      

      
        Researchers uncover shared cellular mechanisms across three major dementias
        Researchers have for the first time identified degeneration-associated 'molecular markers' -- observable changes in cells and their gene-regulating networks -- that are shared by several forms of dementia that affect different regions of the brain. Critically, the research also identified markers specific to different forms of dementia, and the combined findings represent a potential paradigm shift in the search for causes, treatments and cures.

      

      
        The Neanderthals may have become extinct because of their isolated lifestyle
        Neanderthal remains recently discovered in a cave in France support well-known theory of why the Neanderthals became extinct, researchers behind a new study say.

      

      
        Risk of secondary cancers after CAR T therapy may be similar to risk after other cancer treatments
        The frequency of second primary malignancies (SPMs) arising in cancer survivors following treatment with CAR T-cell therapy was statistically comparable to the frequency of SPMs following other standard-of-care therapies, according to a systematic review and meta-analysis.

      

      
        Mirror, mirror, in my tank, who's the biggest fish of all?
        Researchers have demonstrated that bluestreak cleaner wrasse (Labroides dimidiatus) checked their body size in a mirror before choosing whether to attack fish that were slightly larger or smaller than themselves, saying it was the first time for a non-human animal to be demonstrated to possess some mental states that are elements of private self-awareness.

      

      
        Scientists expand the genetic alphabet to create new proteins
        It's a dogma taught in every introductory biology class: Proteins are composed of combinations of 20 different amino acids, arranged into diverse sequences like words. But researchers trying to engineer biologic molecules with new functions have long felt limited by those 20 basic building blocks and strived to develop ways of putting new building blocks -- called non-canonical amino acids -- into their proteins. Now, scientists have designed a new paradigm for easily adding non-canonical amino a...

      

      
        Breakthrough research sheds light on the hidden effects of stress on sperm
        A new study reveals that stress-induced changes in sperm motility occur after a stressful event, rather than during it and improves sperm performance. The discovery is essential in understanding how stress impacts the reproductive process to improve fetal development outcomes.

      

      
        Throat problems could impair autonomic nervous system's ability to regulate blood pressure
        Patients with throat problems were less able to regulate their blood pressure in a new study. The study shows reduced baroreflex sensitivity in patients with throat symptoms.

      

      
        Unique nanodisk pushing photonic research forward
        Researchers have succeeded in combining two major research fields in photonics by creating a nano-object with unique optical qualities. Since the object is a thousand times thinner than the human hair, yet very powerful, the breakthrough has great potential in the development of efficient and compact nonlinear optical devices.

      

      
        Researchers improve search for cancer drivers
        A computer algorithm can efficiently find genetic mutations that work together to drive cancer as well as other important genetic clues that researchers might someday use to develop new treatments for a variety of cancers. Researchers used a novel network computer model to find co-occurring mutations as well as other similarities among DNA sequence elements across several types of cancer. The model allows for easier searches for patterns in huge seas of cancer genetic data.

      

      
        Advancing power grounding systems: A novel predictive model for soil resistivity
        For the design of reliable power grounding systems for critical electrical infrastructure, soil resistivity investigation is crucial. However, soil resistivity depends on various geotechnical properties, necessitating the need for robust assessment methods. In a new study, researchers conducted a comprehensive investigation into the behavior and relationships between soil resistivity and key geotechnical parameters and developed a predictive model based on their findings. This model can lead to c...

      

      
        Carbohydrate polymers could be a sweet solution for water purification
        Water polluted with heavy metals can pose a threat when consumed by humans and aquatic life. Sugar-derived polymers from plants remove these metals but often require other substances to adjust their stability or solubility in water. Now, researchers report a sugar-like polymer that traps heavy metals within insoluble clumps for easy removal. In proof-of-concept tests, the polymer removed ionic cadmium and lead from river water spiked with these persistent contaminants.

      

      
        Microorganisms can travel long distances in the troposphere
        Analysis of air samples taken at altitudes of up to 3,000 meters above Japan has revealed the presence of a vast range of viable bacteria and fungi transported by air masses originating more than 2,000 kilometers away, in regions enriched with fertilizers and pesticides. The study reveals a new way in which human, animal and plant pathogens may travel to distant geographical regions.

      

      
        Risky play exercises an ancestral need to push limits
        Since their invention in the 1920s, jungle gyms and monkey bars have become both fixtures of playgrounds and symbols of childhood injury that anxious caretakers want removed. Anthropologists mark 100 years of the iconic playground equipment by arguing that risky play exercises a biological need passed on from apes and early humans for children to independently test and expand their physical and cognitive abilities in a context in which injury is possible but avoidable.

      

      
        Boosting brain protein levels may slow decline from Alzheimer's
        A study found that new monoclonal antibody drugs for Alzheimer's may slow cognitive impairment through boosting levels of a specific protein in the brain.

      

      
        Cooling positronium with lasers
        Most atoms are made from positively charged protons, neutral neutrons and negatively charged electrons. Positronium is an exotic atom composed of a single negative electron and a positively charged antimatter positron. It is naturally very short-lived, but researchers have now successfully cooled and slowed down samples of positronium using carefully tuned lasers. They hope this research will help others explore exotic forms of matter, and that such research might unlock the secrets of antimatter...

      

      
        Sterilization rates among women rose after U.S. Supreme Court abortion ruling
        Researchers found an increase in surgical sterilization among women after the U.S. Supreme Court overturned the constitutional right to abortion.

      

      
        Astronomers track bubbles on star's surface
        Astronomers have captured images of a star other than the Sun in enough detail to track the motion of bubbling gas on its surface. The images of the star, R Doradus, were obtained in July and August 2023. They show giant, hot bubbles of gas, 75 times the size of the Sun, appearing on the surface and sinking back into the star's interior faster than expected.

      

      
        Brain-wide decision-making dynamics discovered
        Neuroscientists have revealed how sensory input is transformed into motor action across multiple brain regions in mice. The research shows that decision-making is a global process across the brain that is coordinated by learning. The findings could aid artificial intelligence research by providing insights into how to design more distributed neural networks.

      

      
        Atypical metabolite levels at birth may increase SIDS risk
        Newborns who had an atypical pattern of metabolites were more than 14 times as likely to die of sudden infant death syndrome (SIDS), compared to infants who had more typical metabolic patterns, according to a new study. Metabolites are molecules produced by the body's various chemical reactions. Researchers found that infants who died of SIDS had a specific pattern of metabolites compared to infants who lived to their first year. The researchers believe that checking for this pattern could provid...

      

      
        Researchers combine the power of AI and the connectome to predict brain cell activity
        With maps of the connections between neurons and artificial intelligence methods, researchers can now do what they never thought possible: predict the activity of individual neurons without making a single measurement in a living brain.

      

      
        Flexibility of containers, and how fast they drain
        A new article examines how the flexibility of containers affect how fast they drain.

      

      
        Solving a memristor mystery to develop efficient, long-lasting memory devices
        Phase separation, when molecules part like oil and water, works alongside oxygen diffusion to help memristors -- electrical components that store information using electrical resistance -- retain information even after the power is shut off, according to a recent study.

      

      
        Summer storms are stronger and more frequent over urban areas
        Summer storms are generally more frequent, intense and concentrated over cities than over rural areas, according to new, detailed observations of eight cities and their surroundings. The results could change how city planners prepare for floods in their cities, especially as urban areas expand and as climate change alters global weather patterns.

      

      
        Can chatbots help with genetic testing for cancer risk?
        Demand for cancer genetic testing is on the rise, but there's not enough genetic counselors to guide patients through the process. Researchers say chatbots could be the answer.

      

      
        Variety is the spice of learning, memory study suggests
        Researchers found that older adults learned a memory task best after practicing multiple related tasks, suggesting that diverse cognitive training supports mental sharpness as we age.

      

      
        Flightless parrot in New Zealand developed different feather colors to evade predatory birds
        Aotearoa New Zealand's flightless parrot, the k k p , evolved two different color types to potentially help them avoid detection by a now-extinct apex predator, researchers report.

      

      
        Unaffordable food putting mums-to-be at risk
        Pregnant women who have limited access to affordable, nutritious, and healthy foods have a higher chance of developing both physical and mental health problems and their baby's weight is at risk.

      

      
        Games, puzzles and reading can slow cognitive decline in the elderly -- even in those with mild cognitive impairment
        Findings from a new study suggest that older people with mild cognitive impairment who engage in high levels of activities such as word games and hobbies have better memory, working memory, attention and processing speed than those who do not.

      

      
        An antidiabetic helps the immune system recognize reservoirs of HIV
        Metformin, a drug used to treat type 2 diabetes, could help deplete the viral reservoir and eliminate it entirely in people living with HIV who receive antiretroviral therapy.

      

      
        Due to humans, Salish Sea waters are too noisy for resident orcas to hunt successfully
        New research has revealed how underwater noise produced by humans may help explain why southern resident orca populations have not recovered from historic lows. The team reports that underwater noise pollution -- from both large and small vessels -- forces northern and southern resident orcas to expend more time and energy hunting for fish. The din also lowers the overall success of their hunting efforts. Noise from ships likely has an outsized impact on southern resident orca pods, which spend m...

      

      
        Like father, like daughter
        When they become fathers, men who have an unhealthy, high-cholesterol diet can cause increased risk of cardiovascular disease, or CVD, in their daughters, a mouse study has found.
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One of world's fastest ocean currents is remarkably stable, study finds | ScienceDaily
A new study by scientists at the Cooperative Institute for Marine and Atmospheric Studies (CIMAS), the University of Miami Rosenstiel School of Marine, Atmospheric, and Earth Science, NOAA's Atlantic Oceanographic and Meteorological Laboratory (AOML), and the National Oceanography Centre found that the strength of the Florida Current, the beginning of the Gulf Stream system and a key component of the global Atlantic Meridional Overturning Circulation, or AMOC, has remained stable for the past four decades.


						
There is growing scientific and public interest in the AMOC, a three-dimensional system of ocean currents that act as a "conveyer belt" to distribute heat, salt, nutrients, and carbon dioxide across the world's oceans. Changes in the AMOC's strength could impact global and regional climate, weather, sea level, precipitation patterns, and marine ecosystems.

In this research, measurements of the Florida Current were corrected for the secular change in the geomagnetic field to find that the Florida Current, one of the fastest currents in the ocean and an important part of the AMOC, has remained remarkably stable over the past 40 years.

The study published in the journal Nature Communications, the scientists reassessed the 40-year record of the Florida Current volume transport measured on a decommissioned submarine telecommunications cable in the Florida Straits, which spans the seafloor between Florida and the Bahamas. Due to the Earth's magnetic field, as salt ions in the seawater are transported by the Florida Current over the cable, a measurable voltage is induced in the cable. The cable measurements were analyzed together with measurements from regular hydrographic surveys that directly measure the Florida Current volume transport and water mass properties. In addition, the transport was inferred from cross-stream sea level differences measured by altimetry satellites.

"This study does not refute the potential slowdown of AMOC, it shows that the Florida Current, one of the key components of the AMOC in the subtropical North Atlantic, has remained steady over the more than 40 years of observations," said Denis Volkov, lead author of the study and a scientist at CIMAS which is based at the Rosenstiel School. "With the corrected and updated Florida Current transport time series, the negative tendency in the AMOC transport is indeed reduced, but it is not gone completely. The existing observational record is just starting to resolve interdecadal variability, and we need many more years of sustained monitoring to confirm if a long-term AMOC decline is happening."

Understanding the state of the Florida Current is very important for developing coastal sea level forecast systems, assessing local weather and ecosystem and societal impacts.

Since 1982, NOAA's Western Boundary Time Series (WBTS) project and its predecessors have monitored the transport of the Florida Current between Florida and the Bahamas at 27degN using a 120-km long submarine cable paired with regular hydrographic cruises in the Florida Straits. This nearly continuous monitoring has provided the longest observational record of a boundary current in existence. Beginning in 2004, NOAA's WBTS project partnered with the United Kingdom's Rapid Climate Change program (RAPID) and the University of Miami's Meridional Overturning Circulation and Heatflux Array (MOCHA) programs to establish the first trans basin AMOC observing array at about 26.5N.

The study was supported by NOAA 's Global Ocean Monitoring and Observing program (grant #100007298), NOAA's Climate Variability and Predictability program (grant #NA20OAR4310407), Natural Environment Research Council (grants #NE/Y003551/1 and NE/Y005589/1) and the National Science Foundation (grants #OCE-1332978 and #OCE-1926008).
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Path to prosperity for planet and people if Earth's critical resources are better shared | ScienceDaily
Earth will only remain able to provide even a basic standard of living for everyone in the future if economic systems and technologies are dramatically transformed and critical resources are more fairly used, managed and shared, according to an international research team including scientists from The Australian National University (ANU).


						
The report, published in The Lancet Planetary Health, outlines how cities and businesses have the power to play a crucial role and become the "stewards" of critical Earth systems by demonstrating how they can reduce their environmental impact on the planet. The report summarises key findings of phase one of Earth Commission, founded in 2019 with a team of 18 globally esteemed interdisciplinary scholars as commissioners, involving more than 40 researchers in various working groups.

The report builds on the Safe and Just Earth System Boundaries report published in Nature last year, which found that most of the vital limits within which people and the planet can thrive have been surpassed.

One of three lead authors, Distinguished Professor Xuemei Bai, from ANU, who led the working group on Translation, said that companies and cities have the means to act and drastically transform and reduce pressure on the planet.

"Companies and cities have a huge potential to make a difference, especially if they work towards the same goal, which is to ensure the planet can provide for everyone long-term," she said.

"They are more nimble and flexible than states, and can reduce their pressure on the planet by setting science-based targets in line with our findings."

Professor Stuart Bunn, from Griffith University, co-led one of the working groups, which focused on the boundaries of freshwater and nutrient pollution.




The report found the planet's ability to provide and protect is being stretched past its limits, although it remains possible for humans to escape poverty and harm caused by Earth's system change, if urgent action is taken.

It found the only way to provide for everyone and ensure societies, businesses and economies thrive without destabilising the planet is to reduce inequalities in how critical Earth system resources, such as freshwater and nutrients, are accessed and used, and how responsibilities, such as reducing carbon emission, are shared, alongside economic and technological transformation.

By 2050, unless urgent transformations are made, the researchers argue that Earth's climate will deteriorate to the point where there will be no "safe and just space" left.

That means that even if everyone on the planet only had access to the resources necessary for a basic standard of living in 2050, the Earth would still be outside the climate boundary.

The researchers say earth systems face the risk of crossing dangerous tipping points, which would cause further significant harm to people around the world unless energy, food and urban systems are urgently transformed.

The paper outlines a series of recommendations to ensure Earth's climate remains within this so-called "safe and just space."

* Firstly, a well-coordinated, intentional effort between policymakers, businesses, civil society and communities can push for changes in how we run the economy and find new policies and funding mechanisms that can address inequality whilst reducing pressure on nature and climate.




* Secondly, fundamental to the transformation is more efficient and effective management, sharing and usage of resources at every level of society including addressing the excessconsumption of some communities, which limits access to basic resources for those whoneed them the most.

* Thirdly, investment in sustainable and affordable technologies is essential to help us use fewer resources and to reopen the safe and just space for all, particularly where there is little or no space left.

The report has been published in The Lancet Planetary Health. It is co-authored by more than 60 leading natural and social scientists from across the globe.
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Avian flu found in wastewater of 10 Texas cities through virome sequencing | ScienceDaily
Avian influenza A(H5N1) virus, which spread to cattle and infected 14 people this year, was detected using virome sequencing in the wastewater of 10 Texas cities by researchers at UTHealth Houston and Baylor College of Medicine. The virome is the collection of viruses in a sample, in this case a wastewater sample.


						
The information was published in the New England Journal of Medicine.

Until March 2024, H5N1 had not been detected in 1,337 wastewater samples analyzed by the team. But from March 4 to July 15 (the end of data collection for this article), H5N1 was detected in 10 of 10 cities, 22 of 23 sites, and 100 of 399 samples. However, the abundance of H5N1 in wastewater samples collected over time did not correlate with influenza-related hospitalizations over the same time period, so the risk to the public was extremely low.

UTHealth Houston and Baylor established the wastewater testing program as part of the Texas Epidemic Public Health Institute (TEPHI).

The sequencing protocol used by the team can detect genetic changes that might indicate an adaptation of the virus to mammals, perhaps even humans. Lack of clinical burden in humans and genomic information suggested that the source of the virus load found in wastewater during that time span came from animal origins. But continued surveillance is critical for monitoring any evolutionary adaptations that would indicate the potential for it to jump to humans, the researchers concluded.

Lead authors of the journal letter were Michael J. Tisza, PhD, assistant professor of molecular virology and microbiology at Baylor; Blake Hanson, PhD, assistant professor in the Center for Infectious Diseases at UTHealth Houston School of Public Health; Eric Boerwinkle, PhD, director of TEPHI and the dean, Kozmetsky Family Chair in Human Genetics, and M. David Low Chair in Public Health of the School of Public Health; and Anthony W. Maresso, PhD, the Joseph L. Melnick Chair of Virology at Baylor. Boerwinkle and Hanson are also members of The University of Texas MD Anderson Cancer Center UTHealth Houston Graduate School of Biomedical Sciences.

The team detects viruses in wastewater by using a viral probe capture set targeting thousands of viral species or variants. Since May 2022, TEPHI has detected more than 400 human and animal viruses, several of which (SARS-CoV-2, influenza, and mpox) have correlated to clinical case data in the population.

Letter co-authors from UTHealth Houston included Kristina Mena, PhD, the Jane Dale Owen Chair in Environmental Health Protection; Anna Gitter, PhD; Fuqing Wu, PhD; Janelle Rios, MPH, PhD; and Jennifer Deegan, MPAff. From Baylor College of Medicine: Justin Clark, PhD; Li Wang, MD, PhD; Katelyn Payne, BS, Matthew Ross, PhD; Sara Javornik Cregeen, PhD; Juwan Cormier, PhD; Vasanthi Avadhanula, PhD; Austen Terwilliger, PhD; Pedro Piedra, MD; Joseph Petrosino, PhD. John Balliew, with the El Paso Water Utility, was also a co-author.
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New map shows where landslides are most likely to occur in U.S. | ScienceDaily
Landslides are a common hazard in the US. In fact, nearly 44% of the country could experience one, potentially catastrophically. Our new national landslide susceptibility map shows where they're most likely to happen.


						
The U.S. Geological Survey has released a new nationwide landslide susceptibility map that indicates nearly 44% of the U.S. could potentially experience landslide activity. The new assessment provides a highly detailed, county-by-county picture of where these damaging, disruptive and potentially deadly geologic hazards are more likely as well as areas where landslide hazards are negligible.

The new map will support risk-reduction and land-use planning efforts by showing where potentially unstable areas are so planners and engineers can better prioritize and mitigate future landslide hazards.

"This new national landslide susceptibility map addresses an important but difficult question: which areas across the entire U.S. are prone to landslides?" said Ben Mirus, USGS research geologist. "We are excited that it is now publicly available to help everyone be more prepared -- to be a more hazard-ready nation."

Previously, detailed landslide maps were only developed for a few areas of the U.S. where the landslide risks were considered high, but this map expands the assessment to include many other hazardous areas around the country where there was a limited understanding of landslide potential.

Mirus and team used an inventory of nearly 1 million previous landslides, high-resolution national elevation data from the USGS 3D Elevation Program, and advanced computing to build their comprehensive landslide susceptibility model. The resulting map of the contiguous U.S., Alaska, Hawaii, and Puerto Rico zeroes in on landslide locations by using much higher resolution data than existing continental and global landslide maps.

The new map can also be used to identify areas where more landslide mapping is needed and how the improvements can better inform landslide mitigation.
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New insights could help prevent psychosis relapses in youth and young adults | ScienceDaily
New findings from McGill University researchers could help clinicians understand the course of delusions in youth and young adults that signal the need for a timely intervention to prevent a full relapse of psychosis.


						
Delusions -- strong beliefs that don't align with commonly accepted reality -- are a defining symptom of psychosis but are not sufficiently understood.

For the first time, researchers studied whether delusion themes, such as paranoia or grandiosity, stay the same or shift between psychotic episodes in youth and young adults undergoing early intervention treatment.

The importance of timely treatment

Notably, most patients did not relapse at all following their first episode, showing the efficacy of early intervention and highlighting the need for improved access, said the researchers. An estimated 75 per cent of children with mental disorders do not use specialized treatment services, according to Youth Mental Health Canada.

"Early intervention is essential if we want to give young people the best chance at lasting recovery," said lead author Gil Grunfeld, a recent master's graduate from McGill's Department of Psychiatry and a current doctoral student at Boston University.

Detecting patterns in delusions

The study, published in Jama Psychiatry, found that in the less likely instances of relapse, patients almost always had the same type of delusion as their first episode.




"The return of similar narratives potentially suggests the mind may be reflecting the same patterns seen in earlier episodes," said Grunfeld.

"Recognizing this pattern of delusions in those who go on to relapse could help clinicians understand the experience of their patients and adjust the care they provide," said Dr. Jai Shah, an Associate Professor in McGill's Department of Psychiatry and a researcher at the Douglas Hospital Research Centre.

Delusions often persisted even as other symptoms improved, suggesting delusions may require different treatment strategies, he added.

"Delusions are often highly distressing and difficult to define, which makes closing the gap in research all the more crucial. There is a great deal of future work to be done," said Grunfeld.

The researchers followed about 600 patients ages 14 to 35 for up to two years. All were receiving treatment at an early-intervention service for psychosis in Montreal.

The study was funded by the Fonds de Recherche du Quebec-Sante, the Canadian Institutes of Health Research, the Canada Research Chairs program and the McGill University Faculty of Medicine and Health Sciences.
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Biogeochemists make recommendations for tackling 'hidden' phosphorus | ScienceDaily
As the world tries to mitigate agriculture's effect on the environment, much of the story can be found in the soils, which stores and cycles nutrient elements of carbon, nitrogen, and phosphorus. Biogeochemistssuch as Andrew Margenot, Associate Director of the Agroecosystem Sustainability Center, are set to find answers, but for Margenot and other biogeochemistry experts who specialize in studying phosphorus cycling, the challenge is first being able to accurately measure where phosphorus has accumulated in the <100 years since humans began to increase the amount of the nutrient element in the biosphere.


						
Margenot, an Associate Professor of Soil Science in the Department of Crop Sciences at the University of Illinois Urbana-Champaign, and other phosphorus experts from around the world published a position or synthesis piece (as opposed to a research study) in Global Change Biology, to lay a roadmap to understand phosphorus cycling in the Anthropocene: the new geological era ushered in by human activities.

Other investigators with the project include Leo Condron, a Professor of Biochemistry at Lincoln University in New Zealand; Genevieve Metson, an Associate Professor in the Department of Geography and Environment at the University of West Ontario; Philip Haygarth, a Professor at the Lancaster University Environment Centre in the United Kingdom; and Jordan Wade, Soil Health Assessment Lead at the Syngenta Group, headquartered in Basel, Switzerland; along with Ph.D. student Prince Agyeman from the Czech Republic and research scientist Shengnan Zhou and postdoctoral researcher Suwei Xu from the Margenot research group at Illinois.

"The goal is to look at all possible ways to try to measure legacy phosphorus. This is a comprehensive one-stop shopper overview of where it makes sense to measure and where it makes sense to not worry about. In the process, we identify the priorities and non-priorities and provide a unified vision of what we should do going forward."

The position paper focus on phosphorus in the "terrestrial aquatic continuum," the interplay of water and soil that interact at varying scales of space and time"A big part of our paper was emphasizing uncertainty," Margenot said. "This can be uncomfortable for policymakers because they have a need to make policy yesterday for tomorrow's problems.."

It may take a century for legacy phosphorus already loaded into stream channels and build up o in the soil to fully disseminate to the waterways, so identifying how much and where this residual P is located is an important need

"When it comes to legacy phosphorus that will impact water for the next 100 years or more, we don't even know the basics of where to start. However, there has to be a way to navigate the uncertainty: we don't want to be too brash, but we also cannot wait 50 years to determine what to do either."

In making recommendations for future phosphorus use, researchers can measure how much was added to the soil and how much was exported by biomass removal (e.g., harvest) or loss (e.g., leaching or erosion). Calculating the balance (what went in, minus what came out of a 'system' like a field, watershed or country) enables estimation of the quantify of residual P -- a positive mass balance.




The position paper also provide several case studies of legacy P using the two oldest continuous agriculture test plots in the World, the Rothamsted Experiment in Harpenden, England founded in 1843, and the University of Illinois Morrow Plots founded in 1876. Among the discoveries was that the accumulated phosphorus is generally located in the top 12 inches of the soil, and is often in a different form than when it was added to the soil. This last part was a key finding of the paper.

"We typically add phosphorus in inorganic form as phosphate, which is readily soluble in in water and thus may be at a high risk for loss," explains Margenot. "What we found is that even though we have a lot of phosphorus going on as phosphate, the amount that builds up doesn't persist in soil in the soluble phosphate form. It transforms into forms associated with organic matter, iron, and calcium. So we can't assume that the amount of phosphorus that was applied and not used (i.e., residual phosphorus), is there for the taking by the crop or potential loss to water."

In addition to comprehensively evaluating the problem, the consortium made several recommendations.

1) Researchers need to be better at validating estimates. "Oftentimes we don't measure the small input or the output amounts of phosphorus. Over time those gaps in the measurements amplify uncertainty," Margenot says.

2) Scientists often don't have sufficient information to form decent estimates.The group suggests an initiative where the private sector (e.g., soil testing labs) could work with researchers to make use of existing datasets.

3) There needs to be a uniform method of measuring the data. "In a lot of cases, basic measurements basically haven't been taken," Margenot says. "We need to couple complementary methods that are individually not great, but in combination are quite strong. While it can be overwhelming to figure out where the P has built up over the last 70 years, I think the important thing is to identify where it matters for different reasons of agronomic utilization and water quality impairment."

4) There needs to be an effort to discover the hot spots of legacy P so that resources could be prioritized to decrease the negative impacts of water quality. Margenot's group is already doing that in Illinois. "We don't need to map the entire state," Margenot says. "We know where there is a priority watershed because the USGS is measuring this."




The challenge according to the paper is to convince researchers and funders to allocate resources to provide data that will make a difference. "To get that last 5 percent of the data will cost you half of what it takes for other 95% of the data," Margenot notes.

The challenge for policymakers, according to Margenot, will be to explain that because the measurements of legacy P are estimates at this point, they should see the data as a living document. "The policies have to be plastic," he says.

"The global phosphorus has been more perturbed by human activities than nitrogen," Margenot notes. "We've about doubled the amount of nitrogen in circulation in the biosphere, but we have quadrupled it for phosphorus."
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New, rare type of small cell lung cancer identified | ScienceDaily
A team of doctors and researchers at Memorial Sloan Kettering Cancer Center (MSK) have identified a new, rare type of small cell lung cancer that primarily affects younger people who have never smoked.


						
Their findings, which include a detailed analysis of the clinical and genetic features of the disease, also highlight vulnerabilities that could help doctors make better treatment decisions for people diagnosed with it.

"It's not every day you identify a new subtype of cancer," says Natasha Rekhtman, MD, PhD, an MSK pathologist specializing in lung cancer and the first author of a paper published August 26 in Cancer Discovery presenting the team's analysis. "This new disease type has distinct clinical and pathological features, and a distinct molecular mechanism."

The study brought together the expertise of 42 physicians and researchers across MSK -- from the doctors who treat lung cancer and the pathologists who evaluate cells and tissues to make a diagnosis, to specialists in tumor genetics and computational analysis.

"Understanding this new type of lung cancer required a broad spectrum of expertise from the laboratory to the clinic," says Charles Rudin, MD, PhD, a lung cancer specialist and the study's senior author.

Defining a New Lung Cancer Subtype: Atypical Small Cell Carcinoma

Small cell lung cancer (SCLC) is relatively rare to begin with, accounting for 10% to 15% of all lung cancers, according to the American Cancer Society. And the newly discovered subtype accounts for just a fraction of those. Out of 600 patients with SCLC whose cancers were analyzed for the study, only 20 people (or 3%) were found to have the rare subtype.




SCLC is normally characterized by the deactivation of two genes that protect against the development of cancer -- RB1 and TP53 -- but patients with the new subtype have intact copies of those genes. Instead, most carried a signature "shattering" of one or more of the chromosomes in their cancer cells, an event known as chromothripsis.

The new subtype appears to arise through a transformation of lower-grade neuroendocrine tumors (pulmonary carcinoids) into more aggressive carcinomas. The research team has dubbed the new type "atypical small cell lung carcinoma."

"Patients who develop small cell lung cancer tend to be older and have a significant history of smoking," says Dr. Rudin, the Deputy Director of MSK's Cancer Center. "The first patient we identified with atypical SCLC, and whose case led us to look for more, was just 19 years old and not a smoker."

This held true for the others with the subtype as well. The mean age at diagnosis was 53 -- which is considered young; the average age for a lung cancer diagnosis is 70. Sixty-five percent of these patients were never smokers, while 35% reported a history of light smoking (less than 10 pack-years).

Treating Atypical Small Cell Lung Carcinoma

The analysis also found that the unique genomic changes that give rise to atypical SCLC mean that standard, first-line, platinum-based chemotherapies don't work as well. And their findings point toward some treatment strategies that may work better.

"We often talk about cancer as an ongoing buildup of mutations," Dr. Rekhtman says. "But this cancer has a very different origin story. With chromothripsis, there's one major catastrophic event that creates a Frankenstein out of the chromosome, rearranging things in a way that creates multiple gene aberrations, including amplification of certain cancer genes."

That's why patients with atypical SCLC may benefit, for example, from investigational drugs that target the unusual DNA structures that result from chromothripsis, known as extrachromosomal circular DNA, the researchers note.
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Light pollution a new Alzheimer's risk factor | ScienceDaily
Outdoor light at night could be a significant risk factor in Alzheimer's disease, according to new research from Rush.


						
While light pollution is associated with increased risk of some disorders and diseases, this is the first time it had been associated with Alzheimer's disease.

The study was conducted at Rush University System for Health and published in Frontiers in Neuroscience.

"Our research shows that there is an association in the U.S. between Alzheimer's disease prevalence and exposure to light at night, particularly in those under the age of 65," said lead investigator, Robin Voigt-Zuwala, PhD, an associate professor?at Rush. "Nightly light pollution -- a modifiable environmental factor -- may influence risk for Alzheimer's."

High U.S. light levels

While legislation in some states aims to reduce light pollution, levels of nighttime light remain high in many parts of the country.

In studying light pollution maps, researchers looked at the lower 48 states and incorporated medical data associated with Alzheimer's disease risk factors and divided the groups by light intensity. In the five groups, they found that light intensity was correlated with Alzheimer's disease prevalence even when some well-established disease factors were not.




While the cause is unknown, higher nighttime light intensity was associated with a greater Alzheimer's disease prevalence than any other risk factor examined in the study for those under the age of 65, suggesting that younger people may be more sensitive to the effects of light exposure at night.

"Certain genes can influence early-onset Alzheimer's,and these same genes may cause increased vulnerability to the effects of nighttime light exposure," Voigt-Zuwala explained. "Additionally, younger people are more likely to live in urban areas and have lifestyles that may increase exposure to light at night."

Reducing light exposure

Exposure to light influences the body's natural sleep-wake pattern, which is called a circadian rhythm. Exposure to light at night can disrupt a person's circadian rhythm, which can promote inflammation and make a person less resilient and more prone to disease. Researchers did not examine light inside the home at night or how it might impact health.

Voigt-Zuwala said, "The good news is that simple changes can be made with minimal effort to reduce exposure to light at night -- adding black out curtains or sleeping with an eye mask."

The research results are limited to a subset of the population and further testing is needed to better understand the connection between evening outdoor light and Alzheimer's disease.
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Human 'molecular map' contributes to the understanding of disease mechanisms | ScienceDaily
Scientists at Weill Cornell Medicine in Qatar (WCM-Q) have created an intricate molecular map of the human body and its complex physiological processes based on the analysis of thousands of molecules in blood, urine and saliva samples from 391 volunteers. The data was integrated to create a powerful, interactive visual web-based tool called Connecting Omics (COmics) that can be used to investigate the complex molecular make-up of humans and discover underlying traits associated with various diseases.


						
The molecular processes of the human body refer to the chemical reactions and interactions occurring within cells and between different cells, including crucial functions like DNA replication, protein synthesis, energy production, cellular communication and various metabolic pathways, all governed by complex protein-protein, protein-DNA, and protein-RNA interactions, ultimately enabling the body's vital functions.

The exhaustive study, published Aug. 19 in Nature Communications, collated 12 years of data from the Qatar Metabolomics Study of Diabetes (QMDiab), a diabetes case-control study in the multiethnic population of Qatar, predominantly Arab, Filipino and Indian backgrounds.

"Our idea was to bring together everything we have learned over more than a decade of multiomics research to create a comprehensive molecular model of the human body and its processes," said senior author Dr. Karsten Suhre, professor of physiology and biophysics and a member of the Englander Institute of Precision Medicine. "This reference tool is free to access and use by researchers who want to investigate how the human body works at the molecular level and also for the formation of hypotheses to test with experimentation."

Through a collaboration with Hamad Medical Corporation, the researchers had collected multiple aliquots of blood, urine and saliva samples from volunteers, with and without diabetes. The samples were subsequently characterized on 18 different high-throughput analysis platforms, providing an extremely rich dataset including 6,300 individual molecular data points including genomic data (DNA), transcriptome (RNA), proteins and metabolites, such as amino acids, sugars and fats. In addition, they determined information on genetic variants, DNA methylation sites and gene expression for each of the participants.

This allowed the researchers to discover associations and pathways linking genetic characteristics with specific proteins, metabolic processes and diseases. They then painstakingly integrated the mass of data from all the individuals into an online web-based tool serving as the interface to 'The Molecular Human,' the molecular description of the human body.

The approach of combining genomic, transcriptomic, metabolomic, proteomic and other forms of so-called '-omics' research is known as 'multiomics.' This approach has emerged in recent years as a key strategy for biomedical researchers seeking to understand how the human body and diseases truly function, providing insights that could potentially enable the development of new drug therapies.

For instance, the study identified and described the proteins and metabolites which are signatures of subtypes of type 2 diabetes, shedding light on the different ways the disease manifests.

"Our integrative omics approach provides an overview of the interrelationships between different molecular traits and their association with a person's phenotype -- their observable traits, such as their physical appearance, biochemical processes and behaviors," said first author Dr. Anna Halama, assistant professor of research in physiology and biophysics. "The scale of the data integrated within the COmics web-tool enables access to hundreds of thousands of pathways and associations for researchers to explore, giving huge potential for discovery and investigation.
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Can having a stroke change your sleep? | ScienceDaily
People who have had a stroke may be more likely to sleep too much or too little compared to those without prior stroke, according to a study published in the September 11, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology. The study does not prove that stroke causes abnormal sleep; it only shows an association.


						
"Sleeping the right amount is considered essential for ideal brain and heart health," said study author Sara Hassani, MD, of Duke University School of Medicine in Durham, North Carolina, and member of the American Academy of Neurology. "We know that abnormally long or short sleep after stroke can affect recovery and deteriorate quality of life, so these results should prompt us to screen for these issues and look at how we can help people improve their sleep habits."

The study involved 39,559 people. Of the group, 1,572 people had a stroke and 37,987 people did not have a stroke.

Every two years, participants were asked how much sleep they usually get at night on weekdays or workdays. Sleep duration was divided into three categories: short, less than six hours; normal, six to eight hours; and long, eight or more hours of sleep.

Researchers looked at how often participants had normal sleep, defined as six to eight hours.

Normal sleep duration was less common for people who had a stroke than for those with no prior stroke for all age groups with 32% vs. 54% for people age 18-44; 47% vs. 55% for people age 45-64; and 45% vs. 54% for people over age 65.

After adjusting for factors that could affect sleep such as age, weight and high blood pressure, researchers found people who had a stroke were 54% more likely to report more than eight hours of sleep per night compared to those without stroke. Those with stroke were 50% more likely to get less than six hours of sleep per night when compared to those without stroke.

"In previous research, stroke has been linked to abnormal sleep, in particular sleep apnea," said Hassani. "Conditions like insomnia and excessive sleepiness are common in stroke patients and may occur as a direct or indirect consequence of stroke itself. Future research should explore the links between stroke and duration of sleep and determine the effect of sleep duration on outcomes after stroke."

A limitation of the study was that hours of sleep were self-reported, so participants may not have remembered accurately how much they slept.

The study was supported by the James and Dorothy Williams Stroke Scholarship.
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Magnetic field maps of the sun's corona | ScienceDaily
The U.S. National Science Foundation (NSF) Daniel K. Inouye Solar Telescope, the world's most powerful solar telescope, designed, built, and operated by the NSF National Solar Observatory (NSO), achieved a major breakthrough in solar physics by directly mapping the strength of the magnetic field in the solar corona, the outer part of the solar atmosphere that can be seen during a total eclipse. This breakthrough promises to enhance our understanding of space weather and its impact on Earth's technology-dependent society.


						
The Corona: The Launch Pad of Space Weather

The Sun's magnetic field generates regions in the Sun's atmosphere, often rooted by sunspots, that store vast amounts of energy that fuel explosive solar storms and drive space weather. The corona, the Sun's outer atmosphere, is a superheated realm where these magnetic mysteries unfold. Mapping coronal magnetic fields is essential to understanding and predicting space weather -- and to protect our technology in Earth and space.

Why It Matters

Earth's magnetic field shields us from solar winds, protecting our atmosphere, and making life possible. However, the electromagnetic fields and energetic particles from extreme solar eruptions can disrupt satellites, power grids, and other systems we need in our increasingly technological society. Understanding these dynamic interactions, which change on timescales ranging from days to centuries, is crucial for safeguarding our infrastructure and current way of life.

Measuring the corona's magnetic properties has long challenged astronomers and the limits of technology. Today, the Inouye Solar Telescope is the most advanced facility designed to study the corona, and has made a crucial first step in resolving these mysteries by producing its first coronal magnetic field maps -- the most detailed to date.

The Inouye Solar Telescope's First Maps of the Corona's Magnetic Field 

Since the 1950s, solar physicists have mapped the magnetic fields on the Sun's surface, providing valuable insights. However, maps of the magnetic field in the zones above the surface, like the corona, have long been sought as it is in these locations that solar storms originate. The Inouye, located near the summit of Maui's Haleakal? in Hawai'i, now provides the capabilities to meet this critical need.




The Inouye has created its first detailed magnetic field maps of the solar corona using the Zeeman Effect, which measures magnetic properties by observing spectral line splitting. Spectral lines are distinct lines that appear at specific wavelengths in the electromagnetic spectrum, representing the light absorbed or emitted by atoms or molecules. These lines act like "fingerprints," as they are unique to each atom or molecule, allowing scientists to identify the chemical composition and physical properties of celestial objects by looking at their spectra. When exposed to a magnetic field, like in the Sun, these lines split, which gives us an insight into the object's magnetic properties. Previous attempts at detecting these signals, last reported two decades ago (Lin et al. 2004), lacked the detail and regularity needed for extensive scientific investigation. Today, the Inouye's unmatched capabilities allow for detailed, regular studies of these crucial signals.

Technological Marvel

Typically, one can only view the Sun's corona -- a region one million times fainter than the solar disk -- during a total solar eclipse, when most of the Sun's light is blocked and Earth's sky goes dark. The Inouye, however, uses a technique called coronagraphy to create artificial eclipses, allowing it to detect extremely faint polarized signals -- a billion times fainter than the solar disk -- highlighting its unparalleled sensitivity and solidifying its status as a unique window to our home star.

The Inouye accomplishes this with its Cryogenic Near-Infrared Spectropolarimeter (Cryo-NIRSP), one of the telescope's primary instruments used to study the corona and map its magnetic fields. This instrument was designed and built by the University of Hawai'i Institute for Astronomy.

Future Prospects

This milestone marks the beginning of a new era in solar physics. The Inouye's success in mapping the Sun's coronal magnetic fields reaffirms its vision and mission, and opens new frontiers in understanding the Sun's influence on space weather.




"Just as detailed maps of the Earth's surface and atmosphere have enabled more accurate weather prediction, this thrillingly complete map of the magnetic fields in the sun's corona will help us better predict solar storms and space weather," says Dr. Carrie Black, NSF program director for the NSO. "The invisible yet phenomenally powerful forces captured in this map will propel solar physics through the next century and beyond."

Christoph Keller, NSO Director, remarks that "Mapping the strength of the magnetic field in the corona is a fundamental scientific breakthrough, not just for solar research, but for astronomy in general." He anticipates that "This is the beginning of a new era where we will understand how the magnetic fields of stars affect planets, here in our own solar system and in the thousands of exoplanetary systems that we now know about."

Ongoing and future studies will refine diagnostic tools and techniques, leading to deeper insights into the Sun's magnetic environment and its impact on Earth and our solar system.
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How many people have A-Fib? Three times more than we thought | ScienceDaily
Atrial fibrillation, a rapid, irregular heart beat that can lead to stroke or sudden death, is three times more common than previously thought, affecting nearly 5% of the population, or 10.5 million U.S. adults, according to new estimates from UC San Francisco.


						
A-Fib, as the condition is commonly known, has been on the rise for at least the past decade, driven by the aging of the population, along with increasing rates of hypertension, diabetes and obesity. Earlier projections had estimated that 3.3 million U.S. adults had atrial fibrillation, but these have not been updated in more than two decades.

The study appears Sept. 11 in JACC.

"Atrial fibrillation doubles the risk of mortality, is one of the most common causes of stroke, increases risks of heart failure, myocardial infarction, chronic kidney disease and dementia, and results in lower quality of life," said first author Jean Jacques Noubiap, MD, PhD, a postdoctoral scholar at UCSF with a specialty in global cardiovascular health.

"Fortunately, atrial fibrillation is preventable, and early detection and appropriate treatment can substantially reduce its adverse outcomes," he said.

Rising numbers reflect need for better prevention and treatment 

UCSF investigators reviewed the medical records of nearly 30 million adult patients who received some form of acute or procedural care in California from 2005 to 2019. About 2 million of these people had been diagnosed with A-Fib, and the numbers grew over time, rising from 4.49% of the patients treated between 2005 and 2009 to 6.82% of the patients treated between 2015 and 2019.




The data were standardized to reflect the entire country, and researchers estimated the current national prevalence to be at least 10.55 million. They also found that during the study timeframe, A-Fib patients skewed younger, were less likely to be female and more likely to have hypertension and diabetes.

A-Fib has a broad spectrum of complications from shortness of breath and light-headedness to blood clots, stroke and even heart failure. Studies have shown that people with A-Fib are up to 5 times more likely to have a stroke. The authors said that by outlining the scope of the problem, these new estimates can help guide health care planning, resource allocation and public health interventions.

"Physicians recognize that atrial fibrillation is often encountered in essentially every field of practice," said senior and corresponding author Gregory M. Marcus, MD, MAS, a cardiologist and electrophysiologist at UCSF Health. "These data provide objective evidence to demonstrate that prior projections severely underestimated how common it truly is."

Digital technologies may reveal it is even more common than the current analysis indicates.

"With the growing use of consumer wearables designed to detect atrial fibrillation combined with safer and more effective means to treat it, this current prevalence of atrial fibrillation in health care settings may soon be dwarfed by future healthcare utilization that will occur due to the disease," Marcus said.

Authors: The other authors are Janet J. Tang, PhD, MPH; Justin T. Teraoka; and Thomas A. Dewland, MD, all of UCSF's Division of Cardiology.

Funding: The study was supported by the NIH/NHLBI (R01HL158825-01).
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Self-medicating gorillas and traditional healers provide clues for new drug discovery | ScienceDaily
Four plants consumed by wild gorillas in Gabon and used by local communities in traditional medicine show antibacterial and antioxidant properties, find Leresche Even Doneilly Oyaba Yinda from the Interdisciplinary Medical Research Center of Franceville in Gabon and colleagues in a new study publishing September 11 in the open-access journal PLOS ONE.


						
Wild great apes often consume medicinal plants that can treat their ailments. The same plants are often used by local people in traditional medicine.

To investigate, researchers observed the behavior of western lowland gorillas (Gorilla gorilla gorilla) in Moukalaba-Doudou National Park in Gabon and recorded the plants they ate. Next, they interviewed 27 people living in the nearby village of Doussala, including traditional healers and herbalists, about the plants that were used in local traditional medicine. The team identified four native plant species that are both consumed by gorillas and used in traditional medicine: the fromager tree (Ceiba pentandra), giant yellow mulberry (Myrianthus arboreus), African teak (Milicia excelsa) and fig trees (Ficus). They tested bark samples of each plant for antibacterial and antioxidant properties and investigated their chemical composition.

The researchers found that the bark of all four plants had antibacterial activity against at least one multidrug-resistant strain of the bacterium Escherichia coli. The fromager tree showed "remarkable activity" against all tested E.coli strains. All four plants contained compounds that have medicinal effects, including phenols, alkaloids, flavonoids, and proanthocyanidins. However, it's not clear if gorillas consume these plants for medicinal or other reasons.

Biodiverse regions, such as central Africa, are home to a huge reservoir of unexplored and potentially medicinal plants. This research provides preliminary insights about plants with antibacterial and antimicrobial properties, and the four plants investigated in this study might be promising targets for further drug discovery research -- particularly with the aim of treating multidrug-resistant bacterial infections.

The authors add: "Alternative medicines and therapies offer definite hope for the resolution of many present and future public health problems. Zoopharmacognosy is one of these new approaches, aimed at discovering new drugs."
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Researchers develop a stretchable, wearable device that lights up an LED using only the warmth of your skin | ScienceDaily
One of the drawbacks of fitness trackers and other wearable devices is that their batteries eventually run out of juice. But what if in the future, wearable technology could use body heat to power itself?


						
UW researchers have developed a flexible, durable electronic prototype that can harvest energy from body heat and turn it into electricity that can be used to power small electronics, such as batteries, sensors or LEDs. This device is also resilient -- it still functions even after being pierced several times and then stretched 2,000 times.

The team detailed these prototypes in a paper published Aug. 30 in Advanced Materials.

"I had this vision a long time ago," said senior author Mohammad Malakooti, UW assistant professor of mechanical engineering. "When you put this device on your skin, it uses your body heat to directly power an LED. As soon as you put the device on, the LED lights up. This wasn't possible before."

Traditionally, devices that use heat to generate electricity are rigid and brittle, but Malakooti and team previously created one that is highly flexible and soft so that it can conform to the shape of someone's arm.

This device was designed from scratch. The researchers started with simulations to determine the best combination of materials and device structures and then created almost all the components in the lab.

It has three main layers. At the center are rigid thermoelectric semiconductors that do the work of converting heat to electricity. These semiconductors are surrounded by 3D-printed composites with low thermal conductivity, which enhances energy conversion and reduces the device's weight. To provide stretchability, conductivity and electrical self-healing, the semiconductors are connected with printed liquid metal traces. Additionally, liquid metal droplets are embedded in the outer layers to improve heat transfer to the semiconductors and maintain flexibility because the metal remains liquid at room temperature. Everything except the semiconductors was designed and developed in Malakooti's lab.




In addition to wearables, these devices could be useful in other applications, Malakooti said. One idea involves using these devices with electronics that get hot.

"You can imagine sticking these onto warm electronics and using that excess heat to power small sensors," Malakooti said. "This could be especially helpful in data centers, where servers and computing equipment consume substantial electricity and generate heat, requiring even more electricity to keep them cool. Our devices can capture that heat and repurpose it to power temperature and humidity sensors. This approach is more sustainable because it creates a standalone system that monitors conditions while reducing overall energy consumption. Plus, there's no need to worry about maintenance, changing batteries or adding new wiring."

These devices also work in reverse, in that adding electricity allows them to heat or cool surfaces, which opens up another avenue for applications.

"We're hoping someday to add this technology to virtual reality systems and other wearable accessories to create hot and cold sensations on the skin or enhance overall comfort," Malakooti said. "But we're not there yet. For now, we're starting with wearables that are efficient, durable and provide temperature feedback."

Additional co-authors are Youngshang Han, a UW doctoral student in mechanical engineering, and Halil Tetik, who completed this research as a UW postdoctoral scholar in mechanical engineering and is now an assistant professor at Izmir Institute of Technology. Malakooti and Han are both members of the UW Institute for Nano-Engineered Systems. This research was funded by the National Science Foundation, Meta and The Boeing Company.
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Newly discovered antimicrobial could prevent or treat cholera | ScienceDaily
More than a million people each year die from infections by pathogens that are resistant to antimicrobials, and the problem is growing. Meanwhile, the discovery of new antimicrobials that can help stem the tide has not kept pace.


						
Researchers at The University of Texas at Austin see promise in a class of natural antimicrobials called microcins, which are produced by bacteria in the gut and help them compete with rival bacteria. In a pair of recent papers, the researchers identify the first known microcin that targets the strains of bacteria that cause cholera and describe a method for finding microcins in bacterial genomes with the help of artificial intelligence.

"Imagine one day eating yogurt containing probiotic strains of bacteria that produce microcins to prevent or treat cholera, pathogenic E. coli, inflammatory bowel disease or colon cancer," said Bryan Davies, professor of molecular biosciences and a senior author on both papers. "The idea is to put in healthy bacteria that would then be able to continually make microcins in the gut to fight off the pathogen of interest."

The cholera research, published in Cell Host & Microbe, was led by Sun-Young Kim, a Ph.D. candidate at UT.

Cholera, the deadly diarrheal disease caused by Vibrio cholerae bacteria, causes severe dehydration and can kill in just a few hours. According to the World Health Organization, each year cholera is responsible for 21,000 to 143,000 deaths worldwide. Another type of gut bacteria is thought to trigger flare-ups of inflammatory bowel disease. And still another type of gut bacteria is associated with the progression of colon cancer. Each is a potential target for microcins.

Microcins are highly selective, meaning they usually target specific bacteria, unlike traditional antibiotics that broadly kill desirable and undesirable bacteria alike. This means they could potentially remove unwanted bacteria without disturbing the delicate balance of the human gut microbiome crucial to overall health. And because their mechanism of action is different from that of traditional antibiotics, they can still be effective against pathogens that have developed antibiotic resistance.

It's hard to locate microcins in a bacteria's genome because their genetic sequences are very short and diverse. So instead, the team began searching V. cholerae genomes for a larger protein called PCAT, which is associated with microcins and helps export them out of the bacteria that produces them so they can reach other bacteria. It's like when you use a landmark in your neighborhood to help friends find your house ("I'm two doors down from the fire station.").




The researchers found about two dozen candidate microcins, all from nonpathogenic strains of V. cholerae. They showed that one of these microcins, dubbed MvcC, kills pathogenic V. cholerae strains. In other words, it's a natural weapon that one bacterial strain uses to outcompete its close cousins.

"You have bacteria in your gut right now making microcins," Davies said. "They're a natural part of how your bacterial communities organize and compete."

So how do V. cholerae strains that produce microcins not poison themselves?

The researchers discovered that the strains of V. cholerae that produce microcins also produce a kind of antidote, called an immunity protease. They demonstrated that -- in mice whose guts were infected with pathogenic and nonpathogenic strains of V. cholerae -- the bacteria that expressed microcins outcompeted the strains that did not.

The researchers plan to continue the cholera work in three ways:
    	Mutating their anti-Vibrio microcin MvcC to be more lethal to V. cholerae and better able to resist degradation in the human body.
    	Developing combinations of different anti-Vibrio microcins to prevent the development of antimicrobial resistance.
    	Finding which microcin-producing bacterial strains are best at producing and delivering microcins to pathogens in the gut.

In a related paper that will be published soon in a peer-reviewed journal and is available as a preprint, the researchers describe a new AI-based approach to finding more candidate microcins. The approach uses protein LLMs -- biological analogs to the generative AI large language models behind chatbots such as ChatGPT -- to find sequences that are similar to known microcins. This is one of several AI-based approaches the team is experimenting with that they hope will lead to more microcin discoveries.

"Microcin biology is very unique and extremely understudied," said Claus Wilke, a UT professor of integrative biology and statistics and data sciences, and a co-author on the forthcoming paper. "And so, it's a good field to be in, where there's still a lot to be done and to be discovered."

This research was supported by The Welch Foundation, the National Institutes of Health, the U.S. Army Research Office, the Winkler Family Foundation and Tito's Handmade Vodka.
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Microscale robot folds into 3D shapes and crawls | ScienceDaily
Cornell University researchers have created microscale robots less than 1 millimeter in size that are printed as a 2D hexagonal "metasheet" but, with a jolt of electricity, morph into preprogrammed 3D shapes and crawl.


						
The robot's versatility is due to a novel design based on kirigami, a cousin of origami, in which slices in the material enable it to fold, expand and locomote.

The team's paper, "Electronically Configurable Microscopic Metasheet Robots," published Sept. 11 in Nature Materials. The paper's co-lead authors are postdoctoral researchers Qingkun Liu and Wei Wang. The project was led by Itai Cohen, professor of physics. His lab has previously produced microrobotic systems that can actuate their limbs, pump water via artificial cilia and walk autonomously.

In a sense, the origins of the kirigami robot were inspired by "living organisms that can change their shape." Liu said. "But when people make a robot, once it's fabricated, it might be able to move some limbs but its overall shape is usually static. So we've made a metasheet robot. The 'meta' stands for metamaterial, meaning that they're composed of a lot of building blocks that work together to give the material its mechanical behaviors."

The robot is a hexagonal tiling composed of approximately 100 silicon dioxide panels that are connected through more than 200 actuating hinges, each about 10 nanometers thin. When electrochemically activated via external wires, the hinges form mountain and valley folds and act to splay open and rotate the panels, allowing the robot to change its coverage area and locally expand and contract by up to 40%. Depending which hinges are activated, the robot can adopt various shapes and potentially wrap itself around other objects, and then unfold itself back into a flat sheet.

Cohen's team is already thinking of the next phase of metasheet technology. They anticipate combining their flexible mechanical structures with electronic controllers to create ultra-responsive "elastronic" materials with properties that would never be possible in nature. Applications could range from reconfigurable micromachines to miniaturized biomedical devices and materials that can respond to impact at nearly the speed of light, rather than the speed of sound.

"Because the electronics on each individual building block can harvest energy from light, you can design a material to respond in programmed ways to various stimuli. When prodded, such materials, instead of deforming, could 'run' away, or push back with greater force than they experienced," Cohen said. "We think that these active metamaterials -- these elastronic materials -- could form the basis for a new type of intelligent matter governed by physical principles that transcend what is possible in the natural world."
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Genes with strong impact on menopause timing also link to cancer risk | ScienceDaily
New research has found four genes with some of the largest known effects on the timing of menopause discovered to date, providing new insight into links between menopause timing and cancer risk.


						
Genes come in pairs, and when women only have one working copy of the four new genes identified (ETAA1, ZNF518A, PNPLA8, PALB2), they have menopause between two and five-and-a-half years earlier than average.

Published in Nature, the large-scale analysis was funded by the Medical Research Council and Wellcome. The team first looked at variation in data from genetic sequencing of 106,973 post-menopausal female participants in the UK Biobank study. Researchers focussed on rare types of genetic changes which cause a loss of the protein, and investigated their effect on the timing of menopause.

The genetic changes studied are all rare in the population, however their influence on menopause is five times greater than the impact of any previously identified common genetic variant. The strongest effect was found from gene variants in ZNF518A, only found in one in 4,000 women. These variants shortened reproductive lifespan more than most previously identified genes.

Discovering the effect of the genes gives scientists a better understanding of the biological mechanisms underpinning menopause, and links to other diseases.

Study co-lead Professor Anna Murray, of the University of Exeter Medical School, said: "For decades, menopause has been under-researched, yet now this is a rapidly evolving area of science. The timing of menopause has a huge impact on women as they plan their careers and lives, and understanding the genetic changes is of particular interest in terms of potential treatments that could prolong reproductive life in future."

When unrepaired DNA damage occurs in eggs, they can die. The rate at which eggs are lost determines when women experience menopause. The team's previous work has shown that many genes that influence the timing of menopause are likely to do this by affecting the genetic integrity of eggs. The same factors affect other cells and tissue types in parallel, and in this new study, the team found that many of the genes linked to menopause timing are also risk factors for cancer. These include changes in the BRCA1 and BRCA2 genes, which result in earlier menopause and also in increased risk of cancer.




This is thought to be the process at play in a fifth new gene linked to menopause timing (SAMHD1). The team discovered that changes in this gene can cause women to go through menopause over a year later than average. The researchers also found for the first time that changes in this gene cause predisposition to various cancers in men and women.

Professor John Perry, co-lead from the MRC Epidemiology Unit at the University of Cambridge added: "Past research suggests the female ovary ages at a faster rate than other organ in the body, and this is a model system for understanding the biology of broader ageing. Our latest research builds on this concept, demonstrating that studying ovarian ageing will not only lead to a better understanding of the biology behind infertility and other reproductive disorders, but will enhance our understanding of fundamental processes that regulate DNA damage and cancer risk in the general population."

Using data from the 100,000 Genomes project, led by Genomics England and NHS England, the team next found that mothers with a high number of genetic variants that cause earlier menopause tended to have more new changes in the DNA they passed onto their children. The study authors believe this is because the relevant genes are involved in repairing damage to DNA, so this function may be compromised in the ovaries, enabling new genetic changes to occur in the eggs.

Dr Hilary Martin, a study co-lead from the Wellcome Sanger Institute, said: "New changes to the DNA in the egg or sperm are the source of all genetic variation in humans, contributing to differences between individuals in their appearance, behaviours and risk of disease. Until now, we knew very little about what influences these new DNA changes, apart from parental age. This is the first time we've seen that existing common variation in DNA influences the rate of these changes."
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Discovery of a new phase of matter in 2D which defies normal statistical mechanics | ScienceDaily
Physicists from the Cavendish Laboratory in Cambridge have created the first two-dimensional version of the Bose glass, a novel phase of matter that challenges statistical mechanics. The details of the study have been published in Nature.


						
As the name suggests, the Bose glass has some glassy properties and within it all particles are localised. This means that each particle in the system sticks to itself, not mixing with its neighbours. If coffee was localised, then when stirring milk into the coffee, the intricate pattern of black and white stripes would remain forever, instead of washing out to an average.

To create this new phase of matter, the group overlapped several laser beams to create a quasiperiodic pattern, a pattern that is long-range ordered like a conventional crystal, but not periodic, meaning that, like a Penrose tiling, it never repeats. When filling the resulting structure with ultracold atoms cooled to nanokelvin temperatures -- close to absolute zero, the atoms formed the Bose glass.

"Localisation is not only one of the toughest nuts to crack in statistical mechanics, it can also help to advance quantum computing," said Professor Ulrich Schneider, Professor of Many-Body Physics at the Cavendish Laboratory, who led the study. Since a localised system would not mix with its surroundings, quantum information stored in a localised system would be preserved for far longer.

"A big limitation of large quantum systems is that we can't model them on a computer," said Schneider. "To accurately describe the system, we have to consider all its particles and all their possible configurations, a number that grows very quickly. However, we now have a real-life 2D example which we can directly study and observe its dynamics and statistics."

Schneider and his team focus on research into quantum simulation and quantum many-body dynamics. They use ultracold atoms to study many-body effects that, in the absence of a large full quantum computer, cannot be simulated numerically.

Very often, this problem simplifies significantly because the system will always relax into a thermal state in which only the temperature of the system is important and most other details vanish. This is referred to as being ergodic and forms the basis of statistical mechanics, one of the pillars of how we understand matter. "For instance, simply knowing the amount of milk poured in is enough to predict the final colour of our coffee after a long stirring," explained Schneider. "If we want to predict the full structure of white and dark swirls during the stirring, however, it's important to know where the milk was poured in and how the stirring is done precisely."

Interestingly, the Bose glass appears to be non-ergodic. This means that it doesn't 'forget its details', therefore modelling it will require all the details. This makes it a prime candidate for many-body localisation.




"It's a long-term aspiration to find a system or material that has many-body localisation," said Dr Jr-Chiun Yu, the first author of the study. "Such a material would offer many new possibilities, not only for fundamental studies, but also for building quantum computers, as quantum information stored in such a system should remain more local and not leak out into its environment -- a process called 'decoherence' that plagues many current quantum computing platforms."

In the experiment, the researchers observed a surprisingly sharp phase transition from a Bose glass to a superfluid, akin to how ice melts when the temperature increases. "A superfluid is a fluid that flows without any resistance," said Dr Bo Song, a former Postdoctoral Research Associate in Cambridge and now an Assistant Professor at Peking University, who contributed to the research. "Imagine particles swimming through a superfluid; there would be no friction, and the fluid would not slow them down. This property, called superfluidity, is closely related to superconductivity. Along with another quantum phase, the Mott insulator, the newly observed Bose glass and the superfluid make up the ground states of the Bose-Hubbard model that describes the physics of bosons in interacting and disordered system."

Bose glasses and superfluids are distinct phases of matter like ice and liquid water. However, like ice cubes in a cup of water, the atoms in their system can form both phases within the same experiment. The experimental results, confirming recent theoretical predictions, reveal how the Bose glass forms and evolves, so now the scientists can start thinking of applications for it.

However, though there are exciting opportunities for the future, Schneider believes we should exercise caution. "There are many things we still don't understand about the Bose glass and its potential connection to many-body localisation, both regarding their thermodynamics as well as dynamical properties. We should first focus on answering more of these questions before we try to find uses for it," concluded Schneider.
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Clinical trials inappropriately excluding people of African/Middle Eastern descent, new research shows | ScienceDaily
Many clinical trials of new cancer drugs may be inappropriately excluding some people with "Duffy-null phenotype," a trait found predominantly in people of African or Middle Eastern descent, researchers at Dana-Farber Cancer Institute and Queen Mary University of London report in a new study.


						
The Duffy-null phenotype results in relatively lower levels of white blood cells called neutrophils when measured in the blood. This is not because they have less neutrophils overall, but because they are more frequently located in other body tissues. Tests that restrict clinical trial eligibility to patients with certain blood levels of neutrophils may therefore be unfairly discriminating against patients who could potentially benefit from trial therapies.

The failure to account for Duffy-null phenotype also means that recommendations for many standard cancer drugs inappropriately call for less-effective doses for some individuals, researchers say.

Tests that count neutrophils in a blood sample are performed to ensure that patients can safely be treated with chemotherapy or other anti-cancer drugs. Levels of neutrophils, white blood cells that kill bacteria and other foreign microbes, are often reduced by cancer drugs, potentially raising the risk of infection. For patients to qualify for a clinical trial or a standard dose of many cancer drugs, their neutrophil levels need to be above a certain threshold to ensure they will retain enough of these cells following treatment.

The threshold was established by studies conducted primarily in patients of European descent who rarely have the Duffy-null phenotype. Many healthy people with the Duffy-null phenotype (mostly people of African and Middle Eastern ancestry), however, normally have lower levels of neutrophils in their blood and relatively higher levels in their other tissues.

"Natural variation in neutrophil counts between people of different ancestry has been historically described by the inaccurate and now-outdated diagnosis 'benign ethnic neutropenia,'" says Stephen Hibbs of Queen Mary University of London, who led the study, published today by JAMA Network Open, and for which Dana-Farber's Andrew Hantel, MD is senior author. "But since this variation was discovered to be caused by the Duffy null phenotype, we need to re-examine the ways in which neutrophil count misinterpretation can affect patient care."

"People with the Duffy-null phenotype are equally able to fight off infections compared to others," Hantel says. "The concern is that they've been excluded from clinical trials because the neutrophil blood levels that are normal for them can fall below the cut-off points for trial participation. In this study, we explored the extent to which this occurs."

The researchers examined participation criteria for 289 major phase III trials of drugs for the five most prevalent cancers in the United States and United Kingdom: prostate, breast, colorectal, and lung cancer, and melanoma. The drugs included chemotherapy agents, targeted therapies, and hormonal therapies (which generally don't decrease neutrophil levels).




They found that 76.5% of the trials excluded patients whose blood neutrophil counts were in the normal range for people with the Duffy-null phenotype. The trials with the highest exclusion rate -- 86.4% -- were for patients with colorectal cancer. Even trials of hormonal cancer therapies -- which generally don't decrease neutrophil levels -- had a significant exclusion rate.

The researchers also examined the extent to which clinical trial protocols require that drug doses be modified for patients with lower neutrophil counts.

"The treatment guidelines set by the National Comprehensive Cancer Network, or NCCN, are based on the clinical trials in which those drugs were tested," Hantel explains. "If a trial stipulates that the dosage should be lowered or delayed if a patient's blood neutrophil count is below a certain level, doctors often use those modifications once the drug is approved as standard therapy. We know that in many cases, survival rates are lower for patients who receive lowered or delayed doses."

The researchers reviewed 71 clinical trials that led to NCCN recommended treatment regimens. They found that more than half required reducing the drug dose, delaying its administration, or stopping it if a participant's neutrophil count fell below a level that was still normal for people with the Duffy null phenotype. When they looked at recommended changed based on individual Food and Drug Administration labels for each therapy used, a similar rate of dose changes was seen.

"The effect of these recommendations is to inappropriately reduce the intensity of treatment for patients who would likely tolerate regular doses," Hantel says.

Based on their findings, the researchers recommend that clinical trials of cancer drugs allow entry to patients with lower, but normal-for-them neutrophil counts. "Everyone being screened for trial entry should be tested for the Duffy-null phenotype. If they are Duffy-null and their counts are in the reference range for that group, they should be admitted," Hantel remarks.




For current and future trials, the same principle should be used in determining whether trial participants require lower or delayed doses: people with Duffy-null phenotype whose neutrophils are in their healthy range should be eligible for full doses of the study drug. For trials that have already been completed, follow-up studies are needed to determine if administering full doses to people with Duffy-null phenotype and lower neutrophils counts are safe and effective, researchers say.

"Health inequity in cancer treatment and research has many causes, and some are more difficult to address than others. Neutrophil criteria for clinical trials and dose modifications are a hidden contributor to inequity that can be rectified. Now, action to amend these criteria is needed to ensure Duffy-null patients are not disadvantaged," said Hibbs.

The study was funded by the National Institutes of Health, the American Society for Clinical Oncology, and the Wellcome Trust.
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Researchers uncover shared cellular mechanisms across three major dementias | ScienceDaily
Researchers have for the first time identified degeneration-associated "molecular markers" -- observable changes in cells and their gene-regulating networks -- that are shared by several forms of dementia that affect different regions of the brain. Critically, the UCLA-led research, published in the journal Cell, also identified markers specific to different forms of dementia, and the combined findings represent a potential paradigm shift in the search for causes, treatments and cures.


						
"This work provides new insight into the mechanisms of neurodegeneration and identifies new candidate pathways for development of therapeutics," said senior and corresponding author Daniel Geschwind, MD, PhD, a professor of human genetics, neurology and psychiatry at the David Geffen School of Medicine at UCLA and director of the Institute for Precision Health at UCLA Health.

Previous studies have focused on a single disorder at a time. Called case-control studies, they compared "diseased" cells with normal ones and often just focused on one brain region. But in this research, the scientists also looked at molecular changes across three different forms of dementia that can involve "tau pathology," the accumulation of abnormal tau protein in vulnerable regions that differ across disorders.

They performed single-cell genomic analysis on more than 1 million cells to identify distinct and shared molecular markers in three related conditions: Alzheimer's disease, frontotemporal dementia (FTD) and progressive supranuclear palsy (PSP). In addition to validating changes previously observed in AD, they identify dozens of cell types whose changes are shared across multiple dementias and several cell types whose changes in disease were specific to a single disorder, many of which had not been previously identified.

"Different conditions have different patterns of degeneration. We reasoned that comparison across cases from different disorders, in addition to the typical case-control comparison, would be useful to identify shared components of neurodegeneration and to understand cell type-specific changes that underlie all these conditions," Geschwind said, adding that most studies profile only one brain region -- typically the frontal lobe.

"In dementia and neurodegenerative disease more generally, specific brain regions and cells are most vulnerable in each disease. This is what leads to the different symptoms and signs across disorders," Geschwind said. "Since regional vulnerability is a core feature of the disorders, we reasoned that studying more than one region would give new insights, and that was the case. In addition to identifying shared and distinct molecular markers, we showed how genetic risk relates to these disease-specific pathways that are altered in the brain." Using this study design, the investigators found four genes that marked vulnerable neurons across all three disorders, highlighting pathways that could be used to develop new therapeutic approaches.

First author Jessica Rexach, MD, PhD, an assistant professor in neurology and neurobehavioral genetics at the David Geffen School of Medicine at UCLA, said this work "profoundly shifted" her perspective on the mechanisms underlying disease susceptibility.




"It is remarkable and humbling to have identified several distinct molecular differences that set apart cells from individuals with one form of dementia from those with closely related diseases. Although these disease-specific differences were among the minority of the changes observed in diseased brains, they were strongly linked to heritability. This surprising finding opens new avenues for understanding why and how certain genes influence the risk of developing one brain disease over another closely related condition."

Combined, Alzheimer's, FTD and PSP affect more than 28 million people worldwide. Although Alzheimer's has been studied extensively, there is no cure, and existing, approved medications only slow disease progression. There are few clinical trials available for FTD and PSP.

"We have created an extensive data resource that paves the way for identifying and exploring new therapeutic candidates for neurodegenerative dementias," Rexach said. "We have pinpointed specific molecules that can now be advanced as potential novel regulators of disease in experimental systems -- importantly, grounded in primary human disease data. Additionally, we've uncovered unexpected conceptual phenomena that may explain why certain cells exhibit more resilience or vulnerability to disease, and we're eager to investigate these findings further."

The researchers:
    	Identified unique changes specific to Alzheimer's disease and demonstrated that several findings in Alzheimer's were also observed across the other disorders, identifying targets for therapeutic development.
    	Found that "cellular resilience programs" -- molecular mechanisms that support cells in response to injury -- activated or failed differently, when comparing the same cell types across disorders.
    	Were surprised to discover that each of the three disorders had changes in cells of the primary visual cortex -- the area of the brain that processes visual information and which was thought to be unaffected by dementia. In PSP, this discovery revealed previously unknown changes in brain cells called astrocytes.
    	Identified specific changes in the expression of certain tau-related genes and others in PSP. These appear to correlate with the unique pattern of brain cell degeneration that is observed in PSP.

The authors, who will next begin experiments to validate the causal nature of their findings, anticipate the study will inspire similar cross-disorder research.

"These data show that known risk genes act in specific neuronal and glial states or cell types that differ across related disorders. Moreover, causally associated disease states may be limited to specific cell types and regions," the Cell article concludes. "This underscores the importance of examining multiple brain regions to understand causal disease pathways at the cellular level, which we show provides a clearer picture of shared and disease-specific aspects of resilience and vulnerability to inform the therapeutic roadmap." The full list of authors is published with the Cell article.

Funding for this work was provided by Roche Pharmaceuticals (D.H.G., D.M.), BrightFocus (D.H.G., J.E.R), Rainwater Charitable Foundation (D.H.G. and W.W.S), NIH grants (K08 NS105916 (J.E.R), R01 AG075802 (J.E.R., L.T.G), 5UG3NS104095 (D.H.G)), and John Douglas French Alzheimer's Foundation (J.E.R.). The UCSF Neurodegenerative Disease Brain Bank is supported by NIH grants AG023501 and AG019724, the Rainwater Charitable Foundation, and the Bluefield Project to Cure bvFTD. The University of Pennsylvania Center for Neurodegenerative Disease Research is supported by NIH grant P01AG066597, P30AG072979 and U19AG062418.
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The Neanderthals may have become extinct because of their isolated lifestyle | ScienceDaily
Neanderthal remains recently discovered in a cave in France support well-known theory of why the Neanderthals became extinct, researchers behind a new study say.


						
In recent years, researchers have offered different explanations for why modern humans survived and the Neanderthals became extinct some 40,000 years ago.

A new study from the Globe Institute at the University of Copenhagen supports one of the main hypotheses. The researchers behind the new study discovered Neanderthal remains of a male in a cave in southern France, and the discovery supports the hypothesis that the Neanderthals may have gone extinct because of their antisocial lifestyle.

"When we look at these genomes from Neanderthals, we see that they are quite inbred and therefore don't have much genetic diversity. They have been living in small groups for many generations. We know that inbreeding reduces genetic diversity in a population, which can be detrimental to their ability to survive if it occurs over a longer term," one of the researchers behind the new study, Associate Professor Martin Sikora from the Globe Institute, explains and adds:

"The newly found Neanderthal genome is from a different lineage than the other late Neanderthals previously studied. This supports the notion that social organization of Neanderthals was different to early modern humans who seemed to have been more connected."

In other words, compared to the Neanderthals, early modern humans were more likely to connect with other groups, which is an advantage if you want to survive.

"This is in the more speculative end, but even just the notion of being able to communicate more and exchange knowledge is something humans do that Neanderthals to some extend might not have done, due to their isolated lifestyles by organizing themselves in smaller groups. And that is an important skill to have. We see evidence of early modern humans in Siberia forming so-called mating networks to avoid issues with inbreeding, while living in small communities, which is something we haven't seen with Neanderthals," Postdoc Tharsika Vimala says.




DNA sheds light on the history of the Neanderthals

Researchers have found little Neanderthal DNA considering the substantial number of discovered Neanderthal remains across Eurasia. Some of the oldest Neanderthal DNA dates back to 120 thousand years ago and have been recovered from Neanderthals found in the Denisova Cave (Altai Mountains) and caves in Scladina (Belgium) and Hohlenstein-Stadel (Germany). In fact, the "new" Neanderthal genome is merely the fifth of its kind to be found in Western Europe with an age below 50 thousand years old.

"Our team in Copenhagen extracted DNA from his tooth, sequenced the DNA and analysed his nuclear genome, which is the DNA found within the core of the cells. The DNA was analysed along with other known Neanderthal genomes to understand their shared history," Martin Sikora says.

In addition, the researchers re-analysed the genome of another known late Neanderthal from France and found that this individual also carried ancestry from a distant Neanderthal lineage which is different from the 'new' genome. The findings tell us that multiple isolated communities might have been present in Western Europe up until their demise.

According to the researchers, the hypothesis is not new and has previously been found for Neanderthals living in the Altai Mountains which is naturally a more isolated area. Up until now they did not have the genomic evidence to confirm it for the Western European Neanderthals. The new discovery is therefore an important piece in the puzzle of Neanderthal history.

"It is something that we have talked about for a while. But we needed more evidence, and this is some of the evidence that we were looking for and needed to figure out how likely this hypothesis of them going extinct because of their isolated lifestyle is. We do, however, need much more genomic data to paint a better picture of their history," says Tharsika Vimala.

The study has been published in Cell Genomics.
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Risk of secondary cancers after CAR T therapy may be similar to risk after other cancer treatments | ScienceDaily
The frequency of second primary malignancies (SPMs) arising in cancer survivors following treatment with CAR T-cell therapy was statistically comparable to the frequency of SPMs following other standard-of-care therapies, according to a systematic review and meta-analysis.


						
In January 2024, the U.S. Food and Drug Administration (FDA) required labeling information for all currently available CAR T-cell therapies to include a boxed warning advising prescribers and patients of the potential risks of a secondary cancer arising after CAR T treatment. Specifically, the boxed warnings alert patients to the possibility of developing new T-cell cancers unrelated to the B-cell lymphoma or multiple myeloma for which the patients received CAR T.

The decision was based largely on data from the FDA Adverse Event Reporting System. However, some researchers have expressed concerns that the data may possess inherent biases, including reporting bias, Rejeski explained. When assessing SPM risk, it is important to account for confounders such as age and follow-up duration, the type of CAR T therapy received, the patient's initial diagnosis, or other types of treatment the patient may have been given before CAR T, Rejeski noted.

"Patients are reading this in the news and, appropriately, asking questions to providers," Rejeski said. "We need to understand the potential risks, but at the same time, we need to interpret the data cautiously and contextualize it for our patients."

Rejeski and colleagues performed a systematic review and meta-analysis of clinical studies in which adult patients with lymphoma or multiple myeloma received one of the six currently approved CAR T-cell therapies: idecabtagene vicleucel (Abecma), lisocabtagene maraleucel (Breyanzi), ciltacabtagene autoleucel (Carvykti), tisagenlecleucel (Kymriah), brexucabtagene autoleucel (Tecartus), or axicabtagene ciloleucel (Yescarta). To meet inclusion criteria, studies must have provided data on SPM occurrence for the entire follow-up period, which ranged from 6.6 months to 65.4 months. The final selection included 18 clinical trials and seven real-world studies consisting of a combined 326 SPMs in 5,517 patients.

After a median follow-up of 21.7 months, 5.8% of patients developed an SPM. The researchers did not find any significant differences in SPM rates between patients with different cancer types or between patients who received different CAR T-cell products.

Studies in which patients had received a median of more than three lines of therapy before CAR T reported a significantly higher risk of SPMs than studies in which patients received fewer than three prior lines of therapy. Similarly, the rate of SPMs was 4.2% among studies with a follow-up time below the median of 21.7 months and 8.5% among studies with a follow-up time above the median.




Out of 326 SPMs identified in this analysis, hematologic malignancies, including myelodysplastic syndrome and acute myeloid leukemia, accounted for the largest proportion of SPMs at 37%. Five cases were T-cell malignancies, a rate of 0.09% across the entire study population. In three of these cases, the malignant T cells were tested to determine if they contained the CAR transgene (an indicator that the malignancy may have arisen from CAR-edited cells), and one case tested positive.

Four of the clinical trials included in the study assessed the outcomes of patients treated with CAR T therapy in comparison to a standard-of-care regimen. In a total of 1,253 patients across these studies, the rate of SPMs was 5% among patients treated with CAR T and 4.9% among patients treated with the standard of care, a difference that was not statistically significant.

"These data do not suggest that there is an increased risk of SPMs relative to other standard-of-care therapies," Rejeski said. "I worry that the warning labels may intimidate patients who receive this therapy, which may not be entirely founded."

Rejeski further explained that the study's data may help identify specific factors that increase the risk of SPMs for patients who receive CAR T. For instance, the increased incidence of SPMs with increasing lines of prior treatment may reflect cumulative damage caused by several previous therapies, Rejeski said. He also stated that an increased risk with longer follow-up time may indicate a survivorship bias, meaning more patients may be developing SPMs because they are living long enough to do so.

"CAR T therapy is the first treatment in more than 20 years to show an overall survival benefit compared to the standard of care in refractory large B-cell lymphoma," Rejeski said. "I would strongly caution against withholding this therapy because of the miniscule risk of developing T-cell malignancies."

Rejeski emphasized that more work will be necessary to understand the specific contributions of CAR T-cell therapy to the development of SPMs and to better estimate each patient's risk on an individual level. He stressed that accurate reporting of SPMs across long-term follow-up periods, especially in clinical trials, will help tremendously with such research.

"We still need to be vigilant in understanding this adverse event, and that means we need to have clear reporting standards," Rejeski said.

Limitations of this study include the heterogeneity of the included data sets, as well as a lack of patient-level data about comorbidities and prior treatments that may influence an individual's risk of SPM.

Funding for this study was provided by the School of Oncology of the German Cancer Consortium, the Walter Benjamin Fellowship by the German Research Foundation, Arnold Ventures, the Else Kroner Forschungskolleg within the Munich Clinician Scientist Program, the Bruno and Helene Joster Foundation, the "CAR-T Control" translational group within the Bavarian Center for Cancer Research, and the National Cancer Institute of the National Institutes of Health. Rejeski has received research funding from Kite/Gilead; is a consultant for Kite/Gilead and Bristol Myers Squibb/Celgene; has received honoraria from Kite/Gilead, Bristol Myers Squibb/Celgene, and Novartis; and has received travel support from Kite/Gilead and Pierre Fabre.
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Mirror, mirror, in my tank, who's the biggest fish of all? | ScienceDaily
What if that proverbial man in the mirror was a fish? Would it change its ways? According to an Osaka Metropolitan University-led research group, yes, it would.


						
In what the researchers say in Scientific Reports is the first time for a non-human animal to be demonstrated to possess some mental states (e.g., mental body image, standards, intentions, goals) which are elements of private self-awareness, bluestreak cleaner wrasse (Labroides dimidiatus) checked their body size in a mirror before choosing whether to attack fish that were slightly larger or smaller than themselves.

The team of OMU Graduate School of Science student Taiga Kobayashi, Specially Appointed Professor Masanori Kohda, Professor Satoshi Awata, and Specially Appointed Researcher Shumpei Sogawa, and Professor Redouan Bshary of Switzerland's University of Neuchatel, were among the group that last year reported the cleaner wrasse could identify photographs of itself as itself, based on its face through mirror self-recognition.

This time, the cleaner wrasse's behavior of going to look in the mirror installed in a tank when necessary indicated the possibility that the fish were using the mirror to check their own body size against that of other fish and predict the outcome of fights.

"The results that fish can use the mirror as a tool can help clarify the similarities between human and non-human animal self-awareness and provide important clues to elucidate how self-awareness has evolved," doctoral candidate Kobayashi declared.

This study was financially supported by JST SPRING (JPMJSP2139 to T.K.), JSPS KAKENHI (23KJ1829 to T.K., 19F19713 and 20K20630 to M.K., 22H02703 to S.A., and 20K20154 to S.S.), Swiss Science Foundation (310030_192673 to R.B.), and an OCU Strategic Research Grant 2018-2019 (to M.K. and S.A.).
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Scientists expand the genetic alphabet to create new proteins | ScienceDaily
It's a dogma taught in every introductory biology class: Proteins are composed of combinations of 20 different amino acids, arranged into diverse sequences like words. But researchers trying to engineer biologic molecules with new functions have long felt limited by those 20 basic building blocks and strived to develop ways of putting new building blocks -- called non-canonical amino acids -- into their proteins.


						
Now, scientists at Scripps Research have designed a new paradigm for easily adding non-canonical amino acids to proteins. Their approach, described in Nature Biotechnologyon September 11, 2024, revolves around using four RNA nucleotides -- rather than the typical three -- to encode each new amino acid.

"Our goal is to develop proteins with tailored functions for applications in fields spanning bioengineering to drug discovery," says senior author Ahmed Badran, PhD, an assistant professor of chemistry at Scripps Research. "Being able to incorporate non-canonical amino acids into proteins with this new method gets us closer to that goal."

For a cell to produce any given protein, it must translate a strand of RNA into a string of amino acids. Every three nucleotides of RNA, called a codon, correspond to one amino acid. But many amino acids have more than one possible codon; for instance, RNA reading the sequences UAU and UAC both correspond to the amino acid tyrosine. It's the job of small molecules called transfer RNAs (tRNAs) to link each amino acid to its corresponding codons.

Recently, researchers aiming to add completely new amino acids to a protein have created strategies to reassign a codon. For instance, the UAU codon could be linked to a new amino acid by changing the tRNA for UAU; this would result in UAU being read by the cell as corresponding to a building block other than tyrosine. But at the same time, every instance of UAU in the cell's genome would need to become UAC, in order to prevent the new amino acid from being integrated into thousands of other proteins where it doesn't belong.

"Creating free codons by whole genome recoding can be a powerful strategy, but it can also be a challenging undertaking since it requires considerable resources to build new genomes," says Badran. "For the organism itself, it can be difficult to predict how such codon changes influence genome stability and host protein production."

Badran and his colleagues wanted to create an efficient plug-and-play strategy that would only incorporate the chosen non-canonical amino acid(s) into specific sites in a target protein, without disrupting the cell's normal biology or requiring the entire genome to be edited. That meant using tRNA that wasn't already assigned to an amino acid. Their solution: a four-nucleotide codon.




The team knew that in a few situations -- such as bacteria quickly adapting to resist drugs -- four-nucleotide codons had naturally evolved. So, in their new work, the researchers studied what caused cells to use a codon with four nucleotides rather than three. They discovered that the identities of the sequences nearby to the four-base codon were critical -- frequently used codons enhanced how the cell could read a four-nucleotide codon to incorporate a non-canonical amino acid.

Badran's group then tested whether they could alter the sequence of a single gene so that it had a new four-nucleotide codon that would be correctly used by the cell. The method worked: When the researchers surrounded a target site with three-letter, frequently used codons and maintained sufficient levels of the four-nucleotide tRNA, the cell incorporated any new amino acid that was attached to the corresponding four-letter tRNA. The research team repeated the experiment with 12 different four-nucleotide codons and then used the technique to design more than 100 new cyclic peptides -- called macrocycles -- with up to three non-canonical amino acids in each.

"These cyclic peptides are reminiscent of bioactive small molecules that one might find in nature," says Badran. "By capitalizing on the programmability of protein synthesis and the diversity of building blocks accessible by this approach, we can create new-to-nature small molecules that will have exciting applications in drug discovery."

He adds that, compared with previous approaches to non-canonical amino acid incorporation, this new method is easy to use since it involves altering only one gene rather than a cell's entire genome. Additionally, more non-canonical amino acids could be used in a single protein since there are more possible four-nucleotide codons than three-nucleotide ones.

"Our results suggest that one can now easily and effectively incorporate non-canonical amino acids at diverse sites in a wide array of proteins," says Badran. "We're excited about these possibilities for our ongoing work and to provide this capability to the broader community."

He notes that the technique could be used to re-engineer existing proteins -- or create entirely new ones -- that have utility in a range of sectors, including medicine, manufacturing and chemical sensing.

This work was supported by funding from the National Institutes of Health (DP5-OD024590), the Research Corporation for Science Advancement, the Sloan Foundation (G-2023-19625), the Thomas Daniel Innovation Fund (627163_1), an Abdul Latif Jameel Water and Food Systems Lab Grand Challenge Award (GR000141-S6241), a Breakthrough Energy Explorer Grant (GR000056), the Foundation for Food & Agriculture Research (28-000578), a Homeworld Collective Garden Grant (GR000129), the Army Research Office (81341- BB-ECP), the Hope Funds for Cancer Research (HFCR-23-03-01), a Skaggs-Oxford Scholarship and a Fletcher Jones Foundation Fellowship.
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Breakthrough research sheds light on the hidden effects of stress on sperm | ScienceDaily
A groundbreaking study led by researchers at the University of Colorado Anschutz Medical Campus reveals that stress-induced changes in sperm motility occur after a stressful event, rather than during it and improves sperm performance. The discovery is essential in understanding how stress impacts the reproductive process to improve fetal development outcomes.


						
The study was published today in Nature Communications.

Over the last five decades, there has been a notable decline in semen quality, which has coincided with environmental stressors. This new research identifies how stress affects the ability of sperm to move through a female's reproductive system to fertilize an egg (motility). Researchers observed changes in extracellular vesicles (EVs), small particles released from the male reproductive tract that play a role in sperm development and maturation. These changes occurred after the stressor had passed, not during the stress experience.

"Our findings show a significant, time-dependent increase in sperm motility following perceived stress which aligns with previous studies on changes in the microRNA in human sperm," said Tracy Bale, PhD, lead author and the Anschutz Foundation Endowed Chair in Women's Integrated Mental and Physical Health Research at the Ludeman Center at CU Anschutz. "This timing, where sperm function improves after stress, might be evolutionarily beneficial to increasing birth rates, particularly following challenging times like those experienced during the COVID pandemic."

Studies were conducted in both men and in animal models. In both cases, stress-induced EVs enhanced sperm motility and mitochondrial respiration, the chemical energy needed to power the cell's biochemical reactions.

"Imagine you have a car that's struggling to get up a steep hill. When the engine is stressed, the car becomes less efficient. However, with a little more gas, you can boost the overall performance for a smoother drive. Just as your car becomes more efficient under stress, with the right adjustments, cells improve their energy production and movement when stress-induced factors are present," said Nickole Moon, PhD, the paper's first author and student at CU Anschutz who is on the research team.

Since the results were the same in both humans and in animal models, the findings suggest that this could be a universal coping mechanism across species, which might offer insights into broader reproductive health implications.




While the study focused on males, researchers highlight the importance of exploring how stress affects both partners in the fertility process. In addition, the researchers are ultimately interested in how these differences impact fetal development, especially for the brain.

"The impact of stress on germ cells, fertility, and the mechanisms underlying the transmission of parental stress experiences across generations are not well understood," said Neill Epperson, MD, professor and chair of the CU Department of Psychiatry and Bale's partner on the studies. "By continuing to recruit participants for these trials and conducting thorough stress evaluations along with the work taking place in the lab, we aim to gain a deeper understanding of how past stressors may affect future offspring."

Bale reiterates how increasing awareness of how stress impacts reproduction is vital.

"As stress is a common part of daily life, understanding its effects on reproduction and development will be essential for improving fertility and addressing broader ecological impacts on endangered species," said Bale.

The team is conducting additional studies that focus on understanding how stress information is transmitted into EVs and how this influences fertilization. They are also exploring the impact on brain development. In addition, they will be launching a trial study to test this model and further investigate the relationship between EVs and sperm in seminal fluid.
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Throat problems could impair autonomic nervous system's ability to regulate blood pressure | ScienceDaily
Patients with throat problems were less able to regulate their blood pressure in a new study led by the University of Southampton.


						
The study published in JAMA Otolaryngology is the first to observe reduced baroreflex sensitivity in patients with throat symptoms.

The baroreflex is a crucial part of the autonomic nervous system which detects changes in blood pressure and adjusts our heart rate and blood vessel tone accordingly to maintain stable blood pressure. It is what stops us from fainting when we stand up.

Researchers from the University of Southampton and University Hospitals of Dorset Foundation Trust believe the findings could be explained by the Vagas nerve (which controls the autonomic nervous system) prioritising protection of the airways over less urgent functions, such as blood pressure regulation.

"Our immediate survival depends on the throat being able to separate air and food passages each time we swallow," says the lead author of the study Reza Nouraei, Professor of Laryngology and Clinical Informatics at the University of Southampton.

"The throat does this using delicate reflexes, but when these reflexes are disturbed, for example, due to a viral infection like Covid or exposure to reflux affecting nerves in this region, the control of this critical junction becomes compromised, giving rise to symptoms like the feeling of a lump in the throat, throat clearing and coughing.

"To compensate for a faulty throat, the autonomic control system must expend significant amounts of energy to maintain a safe airway. We found that in patients with a faulty throat, the heart, specifically a function called baroreflex, is less well controlled. This is one of the Peters that has been robbed to pay Paul.




"The problem with robbing this Peter is that it likely impacts long-term survival, as patients with reduced baroreflex function are more likely to die of a heart attack or stroke in years to come."

The researchers compared the heart rates, blood pressure and baroreflex sensitivity of 23 patients admitted to Ear, Nose and Throat (ENT) surgery with aerodigestive (laryngopharyngeal) symptoms and 30 patients admitted to Gastroenterology with digestive (esophagogastric) symptoms at University Hospitals of Dorset NHS Foundation Trust.

Reflux was a common cause of symptoms in both groups -- making up the majority of digestive group cases. Other causes like thinning of the vocal cord were present in the aerodigestive group.

The team found patients in the aerodigestive group had a higher resting heart rate, lower resting blood pressure, and lower baroreflex sensitivity, than those in the digestive group.

"Now, and especially since Covid which damages nerves, we are seeing more patients with throat symptoms," says Professor Nouraei.

"Reduced baroreflex sensitivity impacts survival independent of other cardiovascular risks, so if the association we've discovered is confirmed by future studies, the need to make timely and accurate diagnoses and provide early and definitive treatments will become more pressing."

The study adds to the increasing interest in the Vaus nerve and holistic health. As well as regulating blood pressure through the baroreflex, the Vagus nerve controls our heart rate, digestion, respiration, mood and a host of other bodily functions which affect our health and wellbeing.




Professor Nouraei says: "This study helps us to think about patients more holistically. As a clinician, if you can fix a problem in the throat that is potentially taking away bandwidth from the Vagus, then it frees up the nerve to give to the rest of the body.

"If there is a chance that throat problems can affect functions like the baroreflex, or have a wider impact on overall wellbeing, then they need more consideration."

The researchers will now look at the long-term impacts of throat conditions on autonomic health and the effects of treatment.

Baroreflex Sensitivity in Patients With Laryngopharyngeal Dysfunction -- The Overwhelmed Vagus Hypothesisis published in JAMA Otolaryngology and is available online.

This work was supported by the Robert White Legacy Fund.
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Unique nanodisk pushing photonic research forward | ScienceDaily
Researchers at Chalmers University of Technology, in Sweden, have for the first time succeeded in combining two major research fields in photonics by creating a nanoobject with unique optical qualities. Since the object is a thousand times thinner than the human hair, yet very powerful, the breakthrough has great potential in the development of efficient and compact nonlinear optical devices. "My feeling is that this discovery has a great potential," says Professor Timur Shegai, who led the study at Chalmers.


						
Photonic applications harness the power of light-matter interactions to generate various intriguing phenomena. This has enabled major advances in communications, medicine, and spectroscopy, among others, and is also used in laser and quantum technologies. Now, researchers at the Department of Physics at Chalmers University of Technology have succeeded in combining two major research fields -- nonlinear and high-index nanophotonics -- in a single disk-like nanoobject.

"We were amazed and happy by what we managed to achieve. The disk looking structure is much smaller than the wavelength of light, yet it's a very efficient light frequency converter. It is also 10,000 times, or maybe even higher, more efficient than the unstructured material of the same kind, proving that nano structuring is the way to boost efficiency," says doctor Georgii Zograf, lead author of the article in Nature Photonics where the research results are presented.

A new fabrication with no loss of properties 

Somewhat simplified, it is a combination of material and optical resonances with the ability to convert light frequency through crystal's non-linearity that the researchers have combined in the nanodisk. In its fabrication, they have used transition metal dichalcogenide (TMD), namely molybdenum disulfide, an atomically thin material that has outstanding optical properties at room temperature. The problem with the material is however that it is very difficult to stack without losing its nonlinear properties due to its crystalline lattice symmetry constraints.

"We have fabricated for the first time a nanodisk of specifically stacked molybdenum disulfide that preserves the broken inverse symmetry in its volume, and therefore maintains optical nonlinearity. Such a nanodisk can maintain the nonlinear optical properties of each single layer. This means that the material's effects are both maintained and enhanced," says Georgii Zograf.

The material has a high refractive index, meaning that light can be more effectively compressed in this medium. Furthermore, the material has the advantage of being transferable on any substrate without the need to match the atomic lattice with the underlying material. The nano structure is also very efficient in localising electromagnetic field and generating doubled frequency light out of it, an effect called second-harmonic generation. It's a so-called nonlinear optical phenomenon, for example, similar to the sum- and difference-frequency generation effects used in high-energy pulsed laser systems.




Thus, this nanodisk combines extreme nonlinearity with high-refractive index in a single, compact structure.

A big step forward for optics research

"Our proposed material and design are state-of-the-art due to extremely high inherent nonlinear optical properties and notable linear optical properties -- a refractive index of 4.5 in the visible optical range. These two properties make our research so novel and potentially attractive even to the industry," Georgii Zograf says.

"It really is a milestone, particularly due to the disk's extremely small size. Second harmonic generation and other non-linearities are used in lasers every day, but the platforms that utilise them are typically on the centimetre scale. In contrast, the scale of our object is about 50 nanometers, so that's about a 100,000 times thinner structure," says research leader Professor Timur Shegai.

The researchers believe that the nanodisk's work will push photonics research forward. In the long term, TMD materials' incredibly compact dimensions, combined with their unique properties, could potentially be used in advanced optical and photonic applications. For example, these structures could be integrated into various kinds of optical circuits, or used in miniaturisations of photonics.

"We believe it can contribute towards future nonlinear nanophotonics experiments of various kinds, both quantum and classical. By having the ability to nano structure this unique material, we could dramatically reduce the size and enhance efficiency of optical devices, such as nanodisk arrays and metasurfaces. These innovations could be used for applications in nonlinear optics and the generation of entangled photon pairs. This is a first tiny step, but a very important one. We are only just scratching the surface," says Timur Shegai.
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Researchers improve search for cancer drivers | ScienceDaily
A computer algorithm can efficiently find genetic mutations that work together to drive cancer as well as other important genetic clues that researchers might someday use to develop new treatments for a variety of cancers.


						
Reporting in the journal Frontiers in Bioinformatics, a Washington State University-led team used a novel network computer model to find co-occurring mutations as well as other similarities among DNA sequence elements across several types of cancer. The model allows for easier searches for patterns in huge seas of cancer genetic data.

"This is a study not of one particular cancer, where you dive in and try to understand it, but rather of many cancers together, looking for patterns and things that could someday be used for drug discovery," said corresponding author Assefaw Gebremedhin, associate professor in the WSU School of Electrical Engineering and Computer Science.

Cancer tends to be talked about as one disease, but it's really a spectrum of diseases where different driver mutations dictate the disease's progression and prognosis, said co-author and University of Vermont molecular genetics researcher Steven Roberts. A better understanding of how common the different mutations and driver genes are across different types of cancer could help to prioritize possible targets for treatment. But cancer researchers have been stymied in their search for clues by the huge amount of computation required to study long genetic sequences and a large number of mutations.

"We couldn't really look at all of the sequences because the computational space would be too large," said Roberts. "If you try to take all the genomic data together and analyze all of it, the mathematical problem scales exponentially, and you just overwhelm the system."

The network model developed by the WSU team, which is called DiWANN, is sparser and more efficient than existing network models without losing key structural components.

"This model gets to the minimal way to represent things without losing information," said Gebremedhin. "Our model tries to understand relationships between sequences in a more effective way, and by effective, I mean they can be computed quickly. With this minimal representation of the network, you can get more information and make computation scalable."

Since developing their DiWANN model five years ago, the researchers have used it to look at the geographic distribution of tick-borne diseases as well as the spread of COVID-19 during the pandemic.




In this work, the researchers added a data reduction step to further reduce the amount of required computation and a second computer model to gain further insights into co-occurring genes. WSU computer science Ph.D. student Shruti Patil led this effort and is the first author of the study.

The researchers found evidence in their work, for instance, that two mutations in pancreatic cancer nearly always show up together -- something that had only been suspected. One of the mutations, tumor protein 53, suppresses tumor growth while the other, known as KRAS, is a driver of proliferation.

The researchers identified cancer types that are closely connected to each other and that could perhaps be susceptible to common drug treatments. Some cancers were homogenous, meaning they all had similar mutations that lead to cancer, whereas other types of cancers had a huge variety of different mutations.

"Some of the certain cancer types are very, very homogenous, and their driver mutations were almost always the same, but then you get some other cancer types where it's all over the map," said Roberts. "Those are the ones, based on our predictions, that are probably going to be the hardest to treat."

Because it provides sparse information, the WSU network model allows the researchers to expand the number of tumors that they can study.

"This increases our power to actually detect novel interactions and novel aspects of how these tumors behave," said Roberts. "If we can actually screen through large data sets, it's a much faster way to go about it."

The researchers are now working to develop a web-based tool for public health experts, so that researchers in health can more easily use the model to study complex questions in cancer and other diseases. The work was supported by the National Science Foundation and the National Cancer Institute.
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Advancing power grounding systems: A novel predictive model for soil resistivity | ScienceDaily
For the design of reliable power grounding systems for critical electrical infrastructure, soil resistivity investigation is crucial. However, soil resistivity depends on various geotechnical properties, necessitating the need for robust assessment methods. In a new study, researchers conducted a comprehensive investigation into the behavior and relationships between soil resistivity and key geotechnical parameters and developed a predictive model based on their findings. This model can lead to cost-effective and more reliable design of grounding systems.


						
Proper power grounding systems are necessary for maintaining the safety and reliability of critical electrical subsystem infrastructure, such as substations. Power grounding systems provide a low-resistance path for electrical fault currents to flow into the earth, preventing electrical shocks, fires, and damage to vital equipment. Investigation of soil resistivity is crucial for designing power grounding systems. For the most cost-effective and efficient grounding systems for electrical substations, it is imperative to carefully select sites with the lowest soil electrical resistivity. This also ensures optimal performance and safety. Therefore, accurate determination of soil resistivity is important, as inaccurate values can lead to faulty grounding systems.

The Electricity Generating Authority of Thailand has set criteria for the soil resistivity required for substations, with a threshold of less than 80 Ohm-meters. However, soil resistivity often fails to meet these requirements, highlighting the need for robust soil resistivity assessment methods. Many studies have investigated the relationship between soil resistivity and various geotechnical properties, emphasizing the influence of water content, unit weight of soil, salt content, clay content, and particle sizes. Despite these insights, there remains a need for a comprehensive predictive model that integrates the relationships between soil electrical resistivity and multiple geotechnical parameters.

To address this challenge, a research team, led by Professor Shinya Inazumi from the College of Engineering at Shibaura Institute of Technology, conducted a comprehensive investigation into the behavior and relationships between soil resistivity and geotechnical parameters in a controlled temperature and humidity environment. They also developed a predictive model based on their findings. Their study was made available online on August 08, 2024, and published in Volume 23 of the journal Results in Engineering in September 2024.

"At the heart of this study is the development of predictive models based on the relationship between soil electrical resistivity and key geotechnical properties. By developing robust correlation models, we aim to accurately predict soil resistivity under field conditions. This has significant implications for the design of grounding systems in electrical substations, particularly in regions with diverse soil types such as Thailand," says Prof. Inazumi.

In the study, the researchers measured 30 soil samples from various representative locations within the power grid substation in Thailand, using a controlled laboratory environment to establish a robust correlation of resistivity with each geotechnical parameter. Three index geotechnical properties were selected to correlate with soil electrical resistivity: water content, known to strongly influence resistivity; plasticity index, representing the clay content; and dry density, representing soil density without water. Results revealed a clear relationship between soil resistivity and water content, with resistivity increasing with decreasing water content. However, the correlation between resistivity and plasticity index or dry density was found to be less significant, which the researchers attributed to the dominant influence of water content.

To address this issue, they further utilized nonlinear multiple regression analysis to study the combined effects of water content and other soil parameters. The coefficient of determination (r2), which explains how well a model fits the observed data, for the correlation of soil electrical resistivity, water content, and plasticity index, was found to be 0.8281, and 0.7742 for the correlation between electrical resistivity, water content, and dry density. These strong correlations suggest that a combination of water content, plasticity index, and dry density provides a reliable predictive model for soil resistivity.

However, the team also acknowledged the limitation of this model, which can currently predict soil resistivity of only cohesive soils with fine particles. This is due to the limited variety of soil samples used in the study. Fortunately, this limitation can be easily addressed in future research by including a broader and more diverse set of soil samples.

"This study provides a method for optimizing substation grounding designs, which are critical for protecting equipment and personnel from electrical faults. The results can reduce the need for extensive soil testing and modifications, cutting costs while maintaining regulatory compliance. Beyond electrical applications, predictive models developed in the study could also be adapted for environmental monitoring," remarks Prof. Inazumi, highlighting the potential broader applications of their study.

Overall, this study breaks new ground in soil resistivity assessment, contributing to the cost-effective construction of ground systems for electrical substations and paving the way for safer and more reliable power supply, which is essential for stable economic growth.
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Carbohydrate polymers could be a sweet solution for water purification | ScienceDaily
Water polluted with heavy metals can pose a threat when consumed by humans and aquatic life. Sugar-derived polymers from plants remove these metals but often require other substances to adjust their stability or solubility in water. Now, researchers in ACS Central Science report a sugar-like polymer that traps heavy metals within insoluble clumps for easy removal. In proof-of-concept tests, the polymer removed ionic cadmium and lead from river water spiked with these persistent contaminants.


						
Some heavy metal ions can be toxic at high levels in drinking water. Methods for removing these contaminants, such as filtration, can be energy intensive and rely on metal-capturing membranes that clog quickly and must be replaced. To improve water purification, researchers have turned to plants. Plants defend their cells with a barrier of polysaccharides, made of macromolecules with repeating sugar units, that trap metal ions. For example, in a recent study, researchers used sticky polysaccharide extracts from okra and aloe to remove microplastics from wastewater. However, some polysaccharides dissolve in water, requiring additives to form insoluble gels for metal capture and removal. So, Cassandra Callmann and her research team at the University of Texas at Austin set out to design a single material with sugar-like structures and controllable water solubility to remove heavy metals from water.

The team constructed several polymers, each having a water-insoluble backbone with different water-soluble carbohydrates dangling from the repeating units like charms on a bracelet. In initial tests, the carbohydrate "charm" that attracted and bound ionic cadmium most efficiently contained a carboxylic acid group. Next, in tests of water spiked with ionic cadmium, the polymer with carboxylic acid formed visible clumps after three minutes, and the clumps could be filtered out. The clumps also redissolved, releasing the cadmium, by adjusting the acidity of the water. After three cycles of binding, clumping and redissolving, the polymer maintained the same metal-trapping efficiency, demonstrating its potential as a recyclable material.

As a proof-of-concept, the team next tested the carbohydrate-containing polymer on Colorado River water spiked with ionic cadmium and lead. The river sample contained substantially more ionic calcium, sodium and magnesium than the added metals. Over a 24-hour period, the polymer captured up to 20% and 45% of the added cadmium and lead, respectively, and minimal amounts of the other metal ions. The researchers say their new material is a promising step towards more efficient, reusable and selective materials for water purification.

The authors acknowledge funding from the Welch Foundation, the Cancer Prevention Research Institute of Texas and the National Institutes of Health.
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Microorganisms can travel long distances in the troposphere | ScienceDaily
Analysis of air samples taken at altitudes of up to 3,000 metres above Japan has revealed the presence of a vast range of viable bacteria and fungi transported by air masses originating more than 2,000 kilometres away, in regions enriched with fertilisers and pesticides. The study, published in Proceedings of the National Academy of Sciences (PNAS), reveals a new way in which human, animal and plant pathogens may travel to distant geographical regions. This research has been led by the Barcelona Institute for Global Health (ISGlobal), a centre supported by "la Caixa" Foundation, in collaboration with the Daniel Bravo Andreu Private Foundation (FPDBA).


						
Pathogens can be airborne, but little is known about the diversity of microbes that can survive at very high altitudes, where the conditions are harsh. "We know that above a certain point in the troposphere (called the planetary boundary layer), certain materials can be transported over long distances because the air in that region is isolated from the surface and there is less friction. But we did not suspect that viable microorganisms could be there also," says Xavier Rodo, ICREA researcher at ISGlobal.

"Our study is unique in that we performed 10 tropospheric flights to examine microbial diversity at high altitudes, while most studies have been performed only a few metres above the ground or the ocean," he adds.

Airborne microbes high above Japan

Using a Cessna aircraft, Rodo and an international team of colleagues conducted ten air surveys between 1,000 and 3,000 metres above Japan, starting from Chofu airport near Tokyo. All flights were planned to follow wind currents coming from mainland Asia in what are known as tropospheric bridges, which connect air from distant regions of the world; in this case, air that uplifts in mainland China and then descends over Tokyo due to typical winter weather conditions. For comparison, samples were also collected on the ground at Chofu. A total of 22 aerosol filter samples, collected during two periods (February and April, 2014), were analysed for their chemical and biological composition.

DNA sequencing allowed the research team to identify over 266 fungal and 305 bacterial genera associated with the aerosols, some of which are potentially pathogenic for humans, other animals or plants. For instance, bacterial species such as Escherichia coli, Serratia marcescens, Clostridium difficile, Clostridium botulinum, Haemophillus parainfluenzae, Acinetobacter baumannii and several Staphylococcus species were identified, as well as fungal species from genera such as Candida, Cladosporium and Malassezia, capable of causing disease in susceptible and immunocompromised individuals.

By culturing some of the samples, the researchers showed that bacteria collected from the air remained viable, and that some were resistant to commonly used antibiotics. "Surprisingly, the Micrococcus luteus strain isolated was resistant to multiple drugs, including carbapenems, glycopeptides, ciprofloxacin, and trimethoprim-sulfamethoxazole. Our findings suggest that antimicrobial resistance could spread over long distances via this previously unrecognised route," says Sofya Podzniakova, co-first author of the study.




Travelling thousands of kilometres

The association of these aerosols with certain elements such as zinc sulfate and potassium, commonly used in fertilizers and pesticides, suggests an agricultural origin, consistent with intensively farmed croplands in northeast China.

Finally, during the days sampled, flight and ground samples were very similar in terms of microbial diversity, which can be explained by air descending from high altitudes to the ground. The particle transport models, simulated by Roger Curcoll -currently a researcher at the Universitat Politecnica de Catalunya -- BarcelonaTech (UPC)- have corroborated both the possible transport of these particles from northeast China and the decline of tropospheric air masses to land in Japan.

"Our findings uncover a rich and unprecedented diversity of microbes that are dispersed by wind currents thousands of kilometres away from their sources by intense tunnels of wind that form high in the troposphere," says Rodo. "They represent a paradigm shift in our understanding of how human health can be affected by pathogens thriving in the environment, particularly in the air."

While the study does not prove a causal link between the presence of known human pathogens in aerosols and health effects, it does emphasise the need to further explore the spread of different microbial pathogens over long distances.
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Risky play exercises an ancestral need to push limits | ScienceDaily
With schools nationwide back in session, millions of children across the United States will clamber up the jungle gyms and hang from the monkey bars that have been a fixture of playgrounds since they were invented in the 1920s.


						
But in that time, the steel structures have also become a symbol of playground peril for many anxious parents and public officials who think they should be removed from parks and schoolyards to avoid the occasional bruises and broken bones.

A team of Dartmouth anthropologists takes a different view, marking 100 years since the jungle gym and monkey bars were patented by arguing that the iconic playground equipment and other forms of risky play exercise a biological need passed on from apes and early humans that may be critical to childhood development.

They write in the journal Evolution, Medicine, and Public Health that a trend toward "surplus safety" on playgrounds may come at the expense of children being allowed to independently test and expand their physical and cognitive abilities in a context in which injury is possible but avoidable.

"One of the ironies of modern parenting is that our children have never been physically safer and yet we have never been more worried about them. We need to consider the potential longer-term benefits of allowing them to engage in play where there is some level of risk so they can overcome challenges on their own and learn from it when it doesn't work out," says Zane Thayer, a co-author of the paper and associate professor of anthropology at Dartmouth.

"Generally, researchers have found that risky play helps children build resilience and confidence, skills that resonate throughout life," she says. "We focus on jungle gyms and monkey bars as an easy way for children to engage in risky and thrill-seeking play."

The researchers describe how the physiology -- and fossilized injuries -- of early humans show juveniles likely engaged in extensive swinging, climbing, jumping, and other risky play. The 3.3-million-year-old remains of a female Australopithecus afarensis child known as Selam exhibit shoulders, fingers, and feet adapted to climbing in trees and hanging from limbs, like modern apes. The 3.2-million-year-old skeleton of Lucy, an adult female of the same species, shows healed fractures thought to result from falls as high as 40 feet.




"Fossil evidence suggests that the children of early humans spent as much time in trees as adults did," says Luke Fannin, first author of the paper and a PhD candidate in the Ecology, Evolution, Environment and Society program in the Guarini School of Graduate and Advanced Studies.

"If you're spending all that time in trees as a juvenile, you need confidence, because falling from a tree can be devastating and possibly fatal for a large ape or hominin," he says. "We see in modern nonhuman primates that juveniles test the limits of what they can and can't do, what the risks are, and how to respond. That leads to the climbing skills we see in adults."

The Dartmouth researchers cite a 2014 study reporting that infant and juvenile chimpanzees spend 15% and 27% more time, respectively, climbing and swinging than adults, which enhances their dexterity, skill, and awareness of their own mass. Though lacking the dexterity of other primates, modern humans are still competent climbers, Fannin says. People in hunter-gatherer cultures have been known to climb as high as 150 feet into trees to collect food.

"The past and the present point to children gaining physical and experiential skills by exploring their boundaries through play," Fannin says. "Our physiology as children is still conducive to climbing, running, and jumping, as well as more easily recovering from injuries and short-distance falls."

"It's rare to see anthropology intersect so much with our daily lives," Fannin says. "People don't think about our ancestors very much, but play is a way that the past is reflected in the present."

Nathaniel Dominy, the Charles Hansen Professor of Anthropology and study co-author, says that Sebastian "Ted" Hinton, the Chicago lawyer who patented the jungle gym and monkey bars in 1923 and 1924, also saw that reflection.




In one of his patents, Hinton wrote that children have a "monkey instinct" to climb as a form of play and exercise. Hinton lived during a fervor for the outdoors in the early 20th century that led to the establishment of the National Park Service, the plotting of the Appalachian Trail, and the creation of Scouting.

But Hinton saw climbing as a vestige of our simian lineage before that link was formally established, Dominy says. The remains of the Taung Child, a 2.8-million-year-old Australopithecus africanus that provided the first physical link between modern humans and ape-like ancestors, weren't reported until 1925.

"Hinton was at the forefront of this cultural moment that embraced nature as essential to fitness, but it focused on bipedalism. Hinton described climbing as a product and necessity for childhood growth and development before we had the evidence for it," Dominy says.

"One hundred years later, jungle gyms and monkey bars are still very much part of the conversation around childhood play. But the voice of anthropologists is nowhere in this debate, and that's what we wanted to change," Dominy says. "Our work shows how evolutionary theory has the potential to inform research and practice in the public health domain."

Studies of hospital admissions show that jungle gyms and monkey bars result in more childhood fractures and hospital visits than any other playground equipment, the researchers report. But the risk of children being injured on a playground is relatively low.

The Dartmouth team cites a 2003 study that calculated the risk of playground injury at no more than 0.59 in 100,000, which is far less than injuries sustained through organized sports or even gym class. Another study found that 95% of children with playground injuries were treated and released between 2001-2013.

"Free play lets kids modulate activities to match their physical abilities and personal confidence," Fannin says. "The rules and guidelines of free play develop on much longer timescales than supervised and organized sports where adults set the rules and expectations. Kids getting injured in organized sports has a lot to do with the social context in which they occur."

But jungle gyms and monkey bars remain targets of efforts to make playgrounds safer, the researchers report. New York City removed them from most of their 862 public playgrounds in the 1980s and 1990s. While seven states have adopted the U.S. Consumer Product Safety Commission's safety guidelines for monkey bars into law, enforcement is difficult, the Dartmouth team found. Municipalities find it easier to just remove the structures.

"We share the concerns of parents, school administrators, and policymakers in wanting to make sure our kids are safe. However, we also must consider the long-term benefits of engaging in this type of play," Thayer says. "Risky play in which children challenge themselves is a normal part of our development, as it was for our ancestors."
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Boosting brain protein levels may slow decline from Alzheimer's | ScienceDaily
A study published in the journal Brain shows that increases in protein levels with new Alzheimer's drugs can explain the slowing of cognitive impairment at least as well as the reduction in amyloid plaques.


						
During a study challenging the idea that newly approved monoclonal antibodies reduce cognitive decline in Alzheimer's patients by clearing amyloid, University of Cincinnati researchers found that the unintended increase in levels of a critical brain protein correlates equally well with cognitive benefits.

Led by UC's Alberto Espay, MD, the research was published in the journal Brain on Sept. 11.

For decades, the prevailing theory in the field has stated that a protein made up of 42 amino acids called amyloid-beta 42 (Ab42) hardens into clumps called amyloid plaques, and those plaques damage the brain, causing Alzheimer's disease.

Espay and team have hypothesized that normal, soluble Ab42 in the brain is crucial for neuron health and that the loss of Ab42, rather than the buildup of plaques, drives Alzheimer's. This includes published research that suggests dementia occurs not when plaque levels are high but when Ab42 levels drop very low.

According to Espay's research, the transformation of Ab42 into plaques appears to be the brain's normal response to biological, metabolic or infectious stress.

"Most of us will accrue amyloid plaques in our brains as we age, and yet very few of us with plaques go on to develop dementia," said Espay, professor of neurology in the UC College of Medicine and director and endowed chair of the James J. and Joan A. Gardner Family Center for Parkinson's Disease and Movement Disorders at the UC Gardner Neuroscience Institute. "Yet the plaques remain the center of our attention in biomarker development and therapeutic strategies."

Recently, several new monoclonal antibody medications designed to remove amyloid from the brain were approved after showing they lessened cognitive decline in clinical trials.




Espay and his colleagues noticed that these drugs unintentionally increased levels of Ab42.

"Amyloid plaques don't cause Alzheimer's, but if the brain makes too much of it while defending against infections, toxins or biological changes, it can't produce enough Ab42, causing its levels to drop below a critical threshold," Espay explained. "That's when dementia symptoms emerge."

The team analyzed data from nearly 26,000 patients enrolled in 24 randomized clinical trials of these new antibody treatments, assessing cognitive impairment and differences in levels of Ab42 before and after treatment. They found that higher levels of Ab42 after treatment were independently associated with slower cognitive impairment and clinical decline.

"All stories have two sides -- even the one we have told ourselves about how anti-amyloid treatments work: by lowering amyloid," Espay said. "In fact, they also raise the levels of Ab42. Even if this is unintended, it is why there may be a benefit. Our study shows that we can predict changes in cognitive outcomes in anti-amyloid trials at least as well by the increases in Ab42 as by the decreases in amyloid."

Espay said these findings fit well into his larger hypothesis about the root cause of Alzheimer's, as increasing levels of Ab42 appear to improve cognition.

"If the problem with Alzheimer's is the loss of the normal protein, then increasing it should be beneficial, and this study showed that it is," he said. "The story makes sense: Increasing Ab42 levels to within the normal range is desirable."

However, Espay believes these results also present a conundrum for clinicians because removing amyloid from the brain is toxic and may cause the brain to shrink faster after antibody treatment.

"Do we give patients an anti-protein treatment to increase their protein levels? I think the end, increasing Ab42, doesn't justify the means, decreasing amyloid," Espay said. Therapies that directly increase Ab42 levels without targeting amyloid are a focus of research for Espay and his group.
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Cooling positronium with lasers | ScienceDaily
Most atoms are made from positively charged protons, neutral neutrons and negatively charged electrons. Positronium is an exotic atom composed of a single negative electron and a positively charged antimatter positron. It is naturally very short-lived, but researchers including those from the University of Tokyo successfully cooled and slowed down samples of positronium using carefully tuned lasers. They hope this research will help others explore exotic forms of matter, and that such research might unlock the secrets of antimatter.


						
Some of our universe is missing. You may have heard such a bizarre statement if you've read much about cosmology in the last few decades. The reason scientists say this is because almost all the stuff we see in the universe is made from matter, including you and the planet you're standing on. However, for a long time we've known about antimatter, which as the name suggests, is sort of the opposite of regular matter, in that antimatter particles share the same mass and other properties of their matter counterparts, but have an opposite charge. When matter and antimatter particles collide, they annihilate, and it's widely believed they were created in equal amounts at the dawn of time. But that's not what we see now.

"Modern physics only accounts for a part of the total energy of the universe. The study of antimatter might help us account for this discrepancy, and we've just taken a big step in this direction with our latest research," said Associate Professor Kosuke Yoshioka from the Photon Science Center. "We have successfully slowed and cooled down exotic atoms of positronium, which is 50% antimatter. This means that for the first time, it can be explored in ways previously impossible, and that will necessarily include a deeper study of antimatter."

Positronium sounds like something straight out of science fiction, and despite being very short-lived, it is very much a real thing. Think of it like the familiar atom hydrogen, with its central, positively charged and relatively large proton and tiny, negatively charged electron in orbit, except you swap the proton for the antimatter version of the electron, the positron. This yields an exotic atom which is electrically neutral but doesn't have a large nucleus; instead the electron and positron exist in mutual orbit, making it a two-body system. Even hydrogen is a multibody system, as a proton is really three smaller particles, called quarks, stuck together. And because positronium is a two-body system, it can be completely described by traditional mathematical and physical theories, making it ideal to test predictions with extreme accuracy.

"For researchers like us, involved in what is called precision spectroscopy, being able to precisely examine the properties of cooled positronium means we can compare them with precise theoretical calculations of its properties," said Yoshioka. "Positronium is one of the few atoms made up entirely of only two elementary particles, which allows for such exact calculations. The idea of cooling positronium has been around for around 30 years, but a casual comment by undergraduate student Kenji Shu, who is now an assistant professor in my group, prompted me to take on the challenge of achieving it, and we finally did."

Yoshioka and his team had several difficulties to overcome when trying to cool positronium. Firstly, there is the issue of its short life: one-ten millionth of a second. Secondly, there is its extreme light mass. As it's so lightweight, you can't use a cold physical surface or other substance to cool positronium down, so the team used lasers. You may think lasers are very hot, but really, they are just packets of light, and it's the way the light is used that determines the physical impact it has on something. In this case, a weak and finely tuned laser gently pushes against a positronium atom in the opposite direction to its movement, slowing it down and cooling it in the process. Doing this repeatedly and in as little as one-ten millionth of a second cooled portions of positronium gas down to about 1 degree above absolute zero (-273 degrees Celsius), the coldest anything can get. Given positronium gas is at 600 kelvins, or 327 degrees Celsius, before cooling, this is quite a dramatic change in such a short space of time.

"Our computer simulations based on theoretical models suggest that the positronium gas might be even colder than we can currently measure in our experiments. This implies that our unique cooling laser is very effective at reducing the temperature of positronium and the concepts can hopefully help researchers study other exotic atoms," said Yoshioka. "This experiment used a laser in just one dimension, however, and if we utilize all three, we can measure the properties of positronium even more precisely. These experiments will be significant because we may be able to study the effect of gravity on antimatter. If antimatter behaves differently to regular matter due to gravity, it could help explain why some of our universe is missing."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240911112036.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Sterilization rates among women rose after U.S. Supreme Court abortion ruling | ScienceDaily
Surgical sterilization rates among women increased in the United States after a 2022 Supreme Court ruling (Dobbs v. Jackson Women's Health) overturned the constitutional right to abortion, found researchers at Columbia University Vagelos College of Physicians and Surgeons. The study was published Sept. 11 in JAMA.


						
Surgical sterilization -- tying, cutting, or removing the fallopian tubes -- is a highly effective but essentially irreversible method of preventing pregnancy.

Before the Supreme Court decision, the rate of surgical sterilization in the United States had declined from a peak in the mid-1970s as effective reversible contraceptive methods became more accessible.

The study looked at the use of surgical sterilization before and after the Dobbs decision among roughly 4.8 million women in 36 states and Washington, D.C.

In the first month after the ruling, sterilization rates in all states included in the study increased from stable rates in the prior year and a half.

In the six months after the ruling, surgical sterilizations continued to rise by 3% per month in states where abortion was banned after Dobbs. A similar but not statistically significant trend was seen in states that limited access to abortion after Dobbs; no further increase was seen in states that protected abortion access.

"Our study suggests that the Dobbs ruling and subsequent state laws banning or limiting access to abortion may affect a woman's choice of contraception," says Xiao Xu, a health outcomes researcher who led the study. "The findings also warrant attention because tubal sterilization is an irreversible method of contraception."

More information

The study, "Tubal Sterilization Rates by State Abortion Laws after the Dobbs Decision," was published Sept. 11 in JAMA.

All authors: Xiao Xu (Columbia), Ling Chen (Columbia), Vrunda B. Desai (Yale), Cary P. Gross (Yale), Craig Evan Pollack (Johns Hopkins), Peter E. Schwartz (Yale), and Jason D. Wright (Columbia).
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Astronomers track bubbles on star's surface | ScienceDaily
For the first time, astronomers have captured images of a star other than the Sun in enough detail to track the motion of bubbling gas on its surface. The images of the star, R Doradus, were obtained with the Atacama Large Millimeter/submillimeter Array (ALMA), a telescope co-owned by the European Southern Observatory (ESO), in July and August 2023. They show giant, hot bubbles of gas, 75 times the size of the Sun, appearing on the surface and sinking back into the star's interior faster than expected.


						
"This is the first time the bubbling surface of a real star can be shown in such a way,"* says Wouter Vlemmings, a professor at Chalmers University of Technology, Sweden, and lead author of the study published today in Nature. "We had never expected the data to be of such high quality that we could see so many details of the convection on the stellar surface."

Stars produce energy in their cores through nuclear fusion. This energy can be carried out towards the star's surface in huge, hot bubbles of gas, which then cool down and sink -- like a lava lamp. This mixing motion, known as convection, distributes the heavy elements formed in the core, such as carbon and nitrogen, throughout the star. It is also thought to be responsible for the stellar winds that carry these elements out into the cosmos to build new stars and planets.

Convection motions had never been tracked in detail in stars other than the Sun, until now. By using ALMA, the team were able to obtain high-resolution images of the surface of R Doradus over the course of a month. R Doradus is a red giant star, with a diameter roughly 350 times that of the Sun, located about 180 light-years away from Earth in the constellation Dorado. Its large size and proximity to Earth make it an ideal target for detailed observations. Furthermore, its mass is similar to that of the Sun, meaning R Doradus is likely fairly similar to how our Sun will look like in five billion years, once it becomes a red giant.

"Convection creates the beautiful granular structure seen on the surface of our Sun, but it is hard to see on other stars," adds Theo Khouri, a researcher at Chalmers who is a co-author of the study. "With ALMA, we have now been able to not only directly see convective granules -- with a size 75 times the size of our Sun! -- but also measure how fast they move for the first time."

The granules of R Doradus appear to move on a one-month cycle, which is faster than scientists expected based on how convection works in the Sun. "We don't yet know what is the reason for the difference. It seems that convection changes as a star gets older in ways that we don't yet understand," says Vlemmings. Observations like those now made of R Doradus are helping us to understand how stars like the Sun behave, even when they grow as cool, big and bubbly as R Doradus is.

"It is spectacular that we can now directly image the details on the surface of stars so far away, and observe physics that until now was mostly only observable in our Sun," concludes Behzad Bojnodi Arbab, a PhD student at Chalmers who was also involved in the study.

Notes

*Convection bubbles have been previously observed in detail on the surface of stars, including with the PIONIER instrument on ESO's Very Large Telescope Interferometer. But the new ALMA observations track the motion of the bubbles in a way that was not possible before.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240911112026.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Brain-wide decision-making dynamics discovered | ScienceDaily
Neuroscientists have revealed how sensory input is transformed into motor action across multiple brain regions in mice. The research, conducted at the Sainsbury Wellcome Centre at UCL, shows that decision-making is a global process across the brain that is coordinated by learning. The findings could aid artificial intelligence research by providing insights into how to design more distributed neural networks.


						
"This work unifies concepts previously described for individual brain areas into a coherent view that maps onto brain-wide neural dynamics. We now have a complete picture of what is happening in the brain as sensory input is transformed through a decision process into an action," explained Professor Tom Mrsic-Flogel, Director of the Sainsbury Wellcome Centre at UCL and corresponding author on the paper.

The study, published today in Nature, outlines how the researchers used Neuropixels probes, a state-of-the-art technology enabling simultaneous recordings across hundreds of neurons in multiple brain regions, to study mice taking part in a decision-making task. The task, developed by Dr Ivana Orsolic at SWC, allowed the team to distinguish between sensory processing and motor control. The researchers also revealed the contribution of learning through studying animals trained in the task and comparing them to naive animals.

"We often make decisions based on ambiguous evidence. For example, when it starts to rain, you have to decide how high frequency the raindrops need to be before you open your umbrella. We studied this same ambiguous evidence integration in mice to understand how the brain processes perceptual decisions," explained Dr Michael Lohse, Sir Henry Wellcome Postdoctoral Fellow at SWC and joint first author on the paper.

Mice were trained to stand still while they watched a visual pattern moving on a screen. To receive a reward, the mice had to lick a spout when they detected a sustained increase in the speed of movement of the visual pattern. The task was designed so that the speed of the movement was never constant, instead it continuously fluctuated. The timing of the increase in the average speed also changed from trial to trial so that the mice could not simply remember when the sustained increase occurred. Thus, the mice had to constantly pay attention to the stimulus and integrate information to work out whether the increase in the speed had happened.

"By training the mice to stand still, the data analysis we could perform was much cleaner and the task allowed us to look at how neurons track random fluctuations in speed before the mice made an action. In trained mice, we found that there is no single brain region that integrates sensory evidence or orchestrates the process. Instead, we found neurons that are sparsely but broadly distributed across the brain link sensory evidence and action initiation," explained Dr Andrei Khilkevich, Senior Research Fellow in the Mrsic-Flogel lab and joint first author on the paper.

The researchers recorded from each mouse multiple times and collected data from over 15,000 cells across 52 brain regions in 15 trained mice. To look at learning, the team also compared the results to recordings from naive mice.




"We found that when mice don't know what the visual stimulus means, they only represent the information in the visual system in the brain and a few midbrain regions. After they have learned the task, cells integrate the evidence all over the brain," explained Dr Lohse.

In this study, the team only looked at naive animals and those that had fully learned the task, but in future work they hope to uncover how the learning process occurs by tracking neurons over time to see how they change as mice begin to understand the task. The researchers are also looking to explore whether specific areas in the brain act as causal hubs in establishing these links between sensations and actions.

A number of additional questions raised by the study include how the brain incorporates an expectation of when the speed of visual pattern will increase such that animals only react to the stimulus when the information is relevant. The team plan to study these questions further using the dataset they have collected.

This study was funded by Wellcome awards (217211/Z/19/Z and 224121/Z/21/Z) and by the Sainsbury Wellcome Centre's Core Grant from the Gatsby Charitable Foundation (GAT3755) and Wellcome (219627/Z/19/Z).
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Atypical metabolite levels at birth may increase SIDS risk | ScienceDaily


						Newborns who had an atypical pattern of metabolites were more than 14 times as likely to die of sudden infant death syndrome (SIDS), compared to infants who had more typical metabolic patterns, according to a study funded in part by the National Institutes of Health. Metabolites are molecules produced by the body's various chemical reactions. Researchers found that infants who died of SIDS had a specific pattern of metabolites compared to infants who lived to their first year. The researchers believe that checking for this pattern could provide a way to identify infants at risk for SIDS. The study was conducted by Scott Oltman, M.S., of the University of California San Francisco School of Medicine, and colleagues. It appears in JAMA Pediatrics.


						
SIDS is the sudden, unexplained death of an infant younger than 1 year of age that remains unexplained after a complete investigation. From more than 2 million infants born in California, researchers compared newborn screening test results of 354 SIDS cases to those of 1,416 infants who survived to at least one year old. The state screens all its newborns for many serious disorders. Test results include checking for metabolites that are markers for disorders and conditions. In the study, infants identified with the highest risk metabolic profile involving eight metabolites were 14.4 times more likely to have SIDS than infants with the lowest risk metabolic profile.

The authors say that testing for metabolic patterns may provide a way to identify infants at risk for SIDS soon after birth, which could inform efforts to reduce SIDS risk. Similarly, research on the biochemical pathways that produce the metabolites linked to SIDS may yield insights into the causes of SIDS and ways to reduce its risk. NIH funding for the study was provided by the Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD).
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Researchers combine the power of AI and the connectome to predict brain cell activity | ScienceDaily
With maps of the connections between neurons and artificial intelligence methods, researchers can now do what they never thought possible: predict the activity of individual neurons without making a single measurement in a living brain.


						
For decades, neuroscientists have spent countless hours in the lab painstakingly measuring the activity of neurons in living animals to tease out how the brain enables behavior. These experiments have yielded groundbreaking insights into how the brain works, but they have only scratched the surface, leaving much of the brain unexplored.

Now, researchers are using artificial intelligence and the connectome -- a map of neurons and their connections created from brain tissue -- to predict the role of neurons in the living brain. Using only information about the connectivity of a neural circuit gleaned from the fruit fly visual system connectome and a guess at what the circuit is supposed to do, researchers created an AI simulation of the fruit fly visual system that can predict the activity of every neuron in the circuit.

"We now have a computational method for turning measurements of the connectome into predictions of neural activity and brain function, without first starting with difficult-to-acquire measurements of neural activity for every neuron," says Janelia Group Leader Srini Turaga, a senior author on the new research.

The team of scientists from HHMI's Janelia Research Campus and the University of Tubingen used the connectome to build a detailed deep mechanistic network simulation of the fly visual system, where each neuron and synapse in the model corresponds to a real neuron and synapse in the brain. Although they didn't know the dynamics of every neuron and synapse, data from the connectome allowed the team to use deep learning methods to infer these unknown parameters. They combined this information with knowledge about the circuit's goal: motion detection.

"At that point, everything fell into place, and we could finally figure out if this connectome-constrained model gives us a good model of the brain," says Janne Lappalainen, a PhD student at the University of Tubingen who led the research.

The new model predicts the neural activity produced by 64 neuron types in the fruit fly visual system in response to visual input and accurately reproduces more than two dozen experimental studies performed over the past two decades.




By enabling researchers to predict the activity of individual neurons using only the connectome, the new work has the potential to transform how neuroscientists generate and test hypotheses about how the brain works. In principle, scientists can now use the model to simulate any experiment and generate detailed predictions that can be tested in the lab.

The new research provides more than 450 pages of predictions gleaned from the new model, including identification of cells not known to be involved in motion detection previously, which can now be examined in living flies.

The group's work provides a strategy for turning the wealth of connectome data being generated by Janelia and other research institutions into advanced understanding of the living brain, according to the researchers.

"There is a big gap between the static snapshot of the connectome and the dynamics of real-life computation in the living brain, and the question was, can we bridge that gap in a model? This paper, for the specific example of the fruit fly, shows a strategy for bridging that gap," says Jakob Macke, a senior author on the paper and a professor at the University of Tubingen.
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Flexibility of containers, and how fast they drain | ScienceDaily
As Rohit Velankar, now a senior at Fox Chapel Area High School, poured juice into a glass, he could feel that the rhythmic glug, glug, glug was flexing the walls of the carton.


						
Rohit pondered the sound, and wondered if a container's elasticity influenced the way its fluid drained. He initially sought the answer to his question for his science fair project, but it spiraled into something more when he teamed up with his father, Sachin Velankar, a professor of chemical and petroleum engineering at the University of Pittsburgh Swanson School of Engineering.

They set up an experiment in the family's basement and their findings were published in their first ever paper together as father and son.

"I became quite invested in the project myself as a scientist," Sachin Velankar said. "We agreed that once we started on the experiments, we'd need to take it to completion."

The Science Behind the Glug

Rohit's first experiments found deli containers with rubber lids emptied faster than those with plastic lids.

"Glugging occurs because the exiting water tends to reduce the pressure within the bottle," Velankar said. "When the container is highly flexible, like the bags that hold IV fluids or boxed wine, the container may be able to dispense fluid without glugging. But there are other types of flexible bottles out there, so surely their elasticity must affect its draining."

They created their own ideal acrylic bottles with rubber lids using tools available at Fox Chapel Area High School's makerspace. A sensor was placed near a hole at the bottom of each bottle to measure the pressure oscillations with each glug. The Velankars were able to simulate flexibility by adjusting the diameter of the hole, confirming that flexible bottles drain faster, but with bigger, more infrequent glugs.
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Solving a memristor mystery to develop efficient, long-lasting memory devices | ScienceDaily
Phase separation, when molecules part like oil and water, works alongside oxygen diffusion to help memristors -- electrical components that store information using electrical resistance -- retain information even after the power is shut off, according to a University of Michigan led study recently published in Matter.


						
Up to this point, explanations have not fully grasped how memristors retain information without a power source, known as nonvolatile memory, because models and experiments do not match up.

"While experiments have shown devices can retain information for over 10 years, the models used in the community show that information can only be retained for a few hours," said Jingxian Li, U-M doctoral graduate of materials science and engineering and first author of the study.

To better understand the underlying phenomenon driving nonvolatile memristor memory, the researchers focused on a device known as resistive random access memory or RRAM, an alternative to the volatile RAM used in classical computing, and are particularly promising for energy-efficient artificial intelligence applications.

The specific RRAM studied, a filament-type valence change memory (VCM), sandwiches an insulating tantalum oxide layer between two platinum electrodes. When a certain voltage is applied to the platinum electrodes, a conductive filament forms a tantalum ion bridge passing through the insulator to the electrodes, which allows electricity to flow, putting the cell in a low resistance state representing a "1" in binary code. If a different voltage is applied, the filament is dissolved as returning oxygen atoms react with the tantalum ions, "rusting" the conductive bridge and returning to a high resistance state, representing a binary code of "0."

It was once thought that RRAM retains information over time because oxygen is too slow to diffuse back. However, a series of experiments revealed that previous models have neglected the role of phase separation.

"In these devices, oxygen ions prefer to be away from the filament and will never diffuse back, even after an indefinite period of time. This process is analogous to how a mixture of water and oil will not mix, no matter how much time we wait, because they have lower energy in a de-mixed state," said Yiyang Li, U-M assistant professor of materials science and engineering and senior author of the study.




To test retention time, the researchers sped up experiments by increasing the temperature. One hour at 250degC is equivalent to about 100 years at 85degC -- the typical temperature of a computer chip.

Using the extremely high-resolution imaging of atomic force microscopy, the researchers imaged filaments, which measure only about five nanometers or 20 atoms wide, forming within the one micron wide RRAM device.

"We were surprised that we could find the filament in the device. It's like finding a needle in a haystack," Li said.

The research team found that different sized filaments yielded different retention behavior. Filaments smaller than about 5 nanometers dissolved over time, whereas filaments larger than 5 nanometers strengthened over time. The size-based difference cannot be explained by diffusion alone.

Together, experimental results and models incorporating thermodynamic principles showed the formation and stability of conductive filaments depend on phase separation.

The research team leveraged phase separation to extend memory retention from one day to well over 10 years in a rad-hard memory chip -- a memory device built to withstand radiation exposure for use in space exploration.




Other applications include in-memory computing for more energy efficient AI applications or memory devices for electronic skin -- a stretchable electronic interface designed to mimic the sensory capabilities of human skin. Also known as e-skin, this material could be used to provide sensory feedback to prosthetic limbs, create new wearable fitness trackers or help robots develop tactile sensing for delicate tasks.

"We hope that our findings can inspire new ways to use phase separation to create information storage devices," Li said.

Researchers at Ford Research, Dearborn; Oak Ridge National Laboratory; University at Albany; NY CREATES; Sandia National Laboratories; and Arizona State University, Tempe contributed to this study.

The device was built in the Lurie Nanofabrication Facility and studied at the Michigan Center for Materials Characterization. The work at the University of Michigan was primarily funded by the National Science Foundation (ECCS-2106225).
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Summer storms are stronger and more frequent over urban areas | ScienceDaily
Summer storms are generally more frequent, intense and concentrated over cities than over rural areas, according to new, detailed observations of eight cities and their surroundings. The results could change how city planners prepare for floods in their cities, especially as urban areas expand and as climate change alters global weather patterns.


						
The new study finds that more storms form over urban areas and their boundaries than in surrounding areas, and that larger cities intensify rainfall more than smaller cities. The research was published in Earth's Future, an open-access AGU journal that publishes interdisciplinary research on the past, present and future of our planet and its inhabitants.

"Cities are expected to become more populated and increase in size in the coming decades," said Herminia Torello-Sentelles, an atmospheric scientist at the University of Lausanne and the study's lead author. "Being able to quantify urban flood risk is important for urban planning and when designing urban drainage systems."

The rain effect has been reported in studies of single cities, but the new research looked for trends and differences across multiple cities. Differences in urban rainfall patterns highlight the need to keep studying storm activity in cities across the globe, Torello-Sentelles said.

Taking cities by storm

Some storms have rain that falls evenly, like a sprinkler, while others drop rain in concentrated bursts, like a fire hose. The new study finds that cities can turn storms into fire hoses, dropping bursts of rainfall over small urban areas instead of spreading out the rain over a larger area. Those concentrated bursts of rainfall can exacerbate flood risks if city infrastructure cannot handle the deluge.

Most cities are producing more fire hose-like storms than rural areas. Cities are also spawning more storms than their surroundings, and bigger cities are generating stronger storms than smaller cities.




"It's not only intensity of rainfall that matters when you look at flood risk. It's also how it's distributed over space," Torello-Sentelles said. "If you have a very large amount of rainfall falling over a very small area, that can collapse the drainage system in an urban area."

Several factors could be causing urban storm creation and intensification, Torello-Sentelles said. Cities are generally warmer than their cool, moist and vegetation-dense surroundings, which could cause air to be drawn toward the cities and uplifted. That warm, uplifted air then condenses into rainclouds over urban centers.

Storms are also often formed as air is uplifted over mountain ranges, producing rain clouds at the mountains' peaks. Like mini mountain ranges, city skylines can create favorable environments for the uplift of airmasses and the creation of storms.

"You can think of a city like an obstacle," Torello-Sentelles said. "When a storm is moving toward it, the air can be lifted over and around it."

Aerosol pollution suspended in the atmosphere over cities may also either enhance or suppress rainfall.

The researchers used seven years of high-resolution weather data from eight cities in Europe and the United States (Milan, Italy; Berlin, Germany; London and Birmingham, United Kingdom; Phoenix, Arizona; Charlotte, North Carolina; Atlanta, Georgia; and Indianapolis, Indiana) to track summer storm formation and intensity in cities and their surroundings. The cities varied in size, climate and urban shape, but all are in relatively flat regions and far from large bodies of water -- factors which could influence local rainfall patterns.




The researchers tracked storm formation and evolution outside of and over cities and their boundaries, identifying the average direction, average intensity, maximum intensity and area of each storm.

They found that more storms overall formed over cities and their boundaries compared to nearby rural areas. Storms typically were most intense over city centers, or over the city edges as in Berlin and Birmingham. Larger cities had greater rainfall intensification than smaller cities: in smaller cities, rainfall intensified by 0.9% to 3.4%, while it increased from 5.2% to 11% in the largest cities compared to outlying areas. Some cities also had much higher rainfall intensification during specific times of the day.

Rainfall also became more spatially concentrated over urban areas by up to 15%. Concentrated bursts of rainfall can tax urban water management systems more than rainfall that is evenly distributed.

Strong storms increase urban flood risk

Increasingly large urban areas could generate and amplify more storms than their surroundings, even as climate change continues to intensify storms worldwide. The combined impact of urban growth and climate change could stress urban stormwater systems and lead to more frequent and severe floods.

While the researchers found some consistent trends across all cities, every city changed rainfall patterns in unique ways. For instance, while most of the cities had storms with stronger bursts of rainfall than their surroundings, Berlin and Charlotte had more dispersed rainfall. In Atlanta, storms intensified the most in the daytime hours, while storms in Birmingham only intensified overnight. And unlike the other six cities studied, Berlin and Phoenix did not have more storms initiate over the city than in surrounding areas.

These results highlight the need for individual city planning strategies and studies including more cities, Torello-Sentelles said. As the climate changes and the world urbanizes, individual cities will need to develop their own adaptation and mitigation strategies.

"We need to study a wider variety of cities so that we can generalize findings and determine which city characteristics have the largest effects on cities' rainfall-modifying potential," she said. "The mechanisms driving urban rainfall are quite complex, and we still need to research these processes more."
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Can chatbots help with genetic testing for cancer risk? | ScienceDaily
In a study from Huntsman Cancer Institute at the University of Utah (the U) and NYU Langone Perlmutter Cancer Center, researchers found that a specialized chatbot can effectively assist patients in deciding whether to pursue genetic testing, offering an alternative to traditional genetic counseling.


						
Kimberly Kaphingst, ScD, research director of the Genetic Counseling Shared Resource and co-leader of the Cancer Control and Population Sciences Program at Huntsman Cancer Institute, and professor of communication at the U, says the results of the BRIDGE (Broadening the Reach, Impact, and Delivery of Genetic Services) trial could help expand patient access to genetic care.

According to the American Cancer Society, up to 10% of all cancers may be caused by inherited genetic changes.

"There's a substantial number of people who have an inherited cancer syndrome. The vast majority don't know it," says Kaphingst. "As we are getting better at recognizing people who are in need of genetic testing, we were very interested as a team in coming up with sustainable and scalable ways to actually provide those types of genetic services."

The current standard of care model for genetic testing involves a two-appointment process. Patients first meet with a genetic counselor for a pre-test appointment, during which they discuss their family history, as well as the risks, benefits, and limitations of testing. If patients choose to proceed with testing, they schedule a second appointment to analyze the results with the counselor.

The BRIDGE trial used an algorithm to find patients at higher risk for inherited cancer syndromes based on their self-reported family health histories.

Researchers then divided more than 3,000 Utah and New York participants into two groups -- one pursuing the standard two-appointment model, and the other engaging with a chatbot designed and scripted to provide genetics education instead of having a pre-test appointment with a genetic counselor.




Participants in the chatbot group were sent a message through MyChart, an online patient health portal, recommending genetic services and providing a link to launch a chatbot. They then received information about genetic testing and were able to ask questions to help them decide if they should proceed with testing.

Researchers found outcomes between the two groups were equally likely to complete genetic testing, demonstrating that a chatbot is a viable alternative to the traditional model.

"Our goal wasn't to see if the chatbot was better or for worse. The question was, is this another model that we can use to offer genetic services to patients and have similar outcomes. For a lot of people, the chatbot model provided enough information," says Kaphingst. "The chatbot can take some of the burden off genetic counselors and help provide genetic testing to more patients who are eligible."

Researcher and genetic counselor Rachelle Chambers, MS, CGC, manager of the High-Risk Cancer Genetics Program at NYU Langone Perlmutter Cancer Center, says the promising results of this equivalency trial are crucial as knowledge of and demand for genetic testing is on the rise.

"Twenty years ago, we were testing for a handful of cancer-related genes, like BRCA1 and BRCA2, which can lead to an increased risk for breast and ovarian cancer. Now, we might analyze 100 different genes linked to cancers," says Chambers. "From my perspective as a genetic counselor, there are not enough genetic specialists to meet the increased demand of patients that could benefit from this type of testing."

Patients who know they are genetically more likely to develop cancer can be proactive in prevention, through increased screenings, taking medications, pursuing surgery to reduce risk, and changing personal behaviors.

The results of the BRIDGE trial have been published in JAMA Network Open.

The trial was co-led by Saundra Buys, MD, Huntsman Cancer Institute investigator and professor in the department of medicine at the U, and Meenakshi Sigireddi, MD, assistant professor of medicine at NYU Grossman School of Medicine. Additional Huntsman Cancer Institute collaborators include Wendy Kohlmann, MS, now at the U.S. Department of Veterans Affairs, Sarah Colonna, MD, Whitney F. Espinel, CGC, MS, Amanda Gammon, MS, CGC, Josh Schiffman, MD, professor of pediatrics at the U, Kensaku Kawamoto, MD, PhD, MHS, FACMI, FAMIA, professor of clinical informatics at the U, Guilherme Del Fiol, MD, PhD, FACMI, professor of biomedical informatics at the U, and David Wetter, PhD, MS, professor of population health sciences at the U. Michael Flynn, MD, adjunct assistant professor at the U, and Rachel Hess, MD, MS, professor of population health sciences at the U, also contributed to the study.

This study was supported by the National Institutes of Health/National Cancer Institute through U01CA232826, which was part of the Inherited Cancer Syndrome Collaborative, P30 CA02014; and Huntsman Cancer Foundation.
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Variety is the spice of learning, memory study suggests | ScienceDaily
When Ilber Manavbasi attempts a tricky piano riff, he rehearses more than the notes on the page.


						
"I practice in diverse conditions and contexts. I practice hungry, tired, angry and happy. I practice different songs at different speeds and sometimes with different pianos," said Manavbasi, a graduate student researcher at the Beckman Institute for Advanced Science and Technology. "It's the variety of practice that makes me a better performer."

Variety may also make us better learners, according to recent research conducted by Manavbasi and his colleagues at the University of Illinois Urbana-Champaign.

The researchers observed that varied practice, not repetition, primed older adults to learn a new working memory task. Their findings, which appear in the journal Intelligence, propose diverse cognitive training as a promising whetstone for maintaining mental sharpness as we age.

"People often think that the best way to get better at something is to simply practice it over and over again, but robust skill learning is actually supported by variation in practice," said lead investigator Elizabeth A. L. Stine-Morrow, a Beckman researcher and professor emerita of educational psychology at Illinois.

"While the importance of diversity in practice has been well established in the area of motor learning, our study demonstrated that this principle applies to the development of mental skills as well," she said.

In their 1978 study, Kerr and Booth found that children who practiced tossing a beanbag at a target from a set distance were less likely to hit their marks than children who had practiced throwing from several different distances. On a larger scale, researchers have observed varied preparation to beget high-level performance in athletics and academics alike.




"World-class athletes who specialize in one sport are more likely to have had early experience with multiple sports than their national-class counterparts, and Nobel laureates are more likely to have more early study and work experiences outside of their discipline compared to nationally acclaimed award winners," Stine-Morrow said.

She wondered how this concept translates to cognitive training. If learning were a sport, does a diverse training regimen raise the level of play?

The researchers narrowed their focus to working memory, or the cognitive ability to hold one thing in mind while doing something else.

"We chose working memory because it is a core ability needed to engage with reality and construct knowledge," Stine-Morrow said. "It underpins language comprehension, reasoning, problem-solving and many sorts of everyday cognition."

Because working memory often declines with aging, Stine-Morrow and her colleagues recruited 90 Champaign-Urbana locals aged 60-87.

At the beginning and end of the study, researchers assessed the participants' working memory by measuring each person's reading span: their capacity to remember information while reading something unrelated. The researchers asked participants to read and comprehend a series of logical and illogical sentences (e.g., "Headwear worn by royalty is called a crown," or "An animal with orange and black stripes is a zebra"), each paired with a letter of the alphabet. Participants who recalled the letters in the correct order generally have a stronger working memory, the researchers said.




Between the reading span assessments, participants completed four weeks of cognitive training. For the first two weeks, participants trained on one of four practice regimens: the reading span task itself, a new working memory activity, multiple working memory activities and a control task unrelated to working memory. For the latter two weeks, all participants practiced a variation of the reading span task.

The participants who practiced with multiple working memory activities showed the most improvement on the reading span assessment from beginning to end, outperforming those who had rehearsed the reading span task for all four weeks.

Though ultimately the most improved, the mixed practice group was not immediately outperforming the others, the researchers noticed.

"They needed to work for it," Stine-Morrow said. "Mixed practice did not directly lead to better performance; it led to better learning. That group was the slowest to improve on the reading span task, but they ultimately reached the highest peak."

One reason that varied practice may promote skill development is because of the principle of mutualism, or "mutual growth among closely related abilities," Stine-Morrow said.

These results provide early evidence for the concept of mutualism and show promise for improving working memory later in life.

"With this study, we have demonstrated the broad principle of mutualism through the small lens of how it applies to working memory," Stine-Morrow said. "If you scale up this principle and combine it with different kinds of skills, that could demonstrate broader effects."

Because of limitations caused by the COVID-19 pandemic, participants used their home computers and iPads provided by the research team to complete all portions of the study remotely.

"We are grateful to the folks in the Chambana community who support our research, especially in this case, where they had to fit these activities into their lives over the course of four weeks. Most people thought the activities were challenging, but fun, and treated them as a game they wanted to win," Stine-Morrow said.
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Flightless parrot in New Zealand developed different feather colors to evade predatory birds | ScienceDaily
Aotearoa New Zealand's flightless parrot, the kakapo, evolved two different color types to potentially help them avoid detection by a now-extinct apex predator, Lara Urban at Helmholtz AI, Germany and colleagues from the Aotearoa New Zealand Department of Conservation and the Maori iwi Ngai Tahu, report in the open-access journal PLOS Biology, publishing September 10.


						
The kakapo (Strigops habroptilus) is a nocturnal, flightless parrot endemic to New Zealand. It experienced severe population declines after European settlers introduced new predators. By 1995 there were just 51 individuals left, but intense conservation efforts have helped the species rebound to around 250 birds. Kakapo come in one of two colors -- green or olive -- which occur in roughly equal proportions.

To understand how this color variation evolved and why it was maintained despite population declines, researchers analyzed genome sequence data for 168 individuals, representing nearly all living kakapo at the time of sequencing. They identified two genetic variants that together explain color variation across all the kakapo they studied. Scanning electron microscopy showed that green and olive feathers reflect slightly different wavelengths of light because of differences in their microscopic structure. The researchers estimate that olive coloration first appeared around 1.93 million years ago, coinciding with the evolution of two predatory birds: Haast's eagle and Eyles' harrier. Computer simulations suggest that whichever color was rarer would have been less likely to be detected by predators, explaining why both colors persisted in the kakapo population over time.

The results suggest that kakapo coloration evolved due to pressure from apex predators that hunted by sight. This variation has remained even after the predators went extinct, around 600 years ago. The authors argue that understanding the origins of kakapo coloration might have relevance to the conservation of this critically endangered species. They show that without intervention, kakapo color variation could be lost within just 30 generations, but it would be unlikely to negatively impact the species today.

Co-author and conservationist Andrew Digby adds, "By using a comprehensive genomic library for the species, we have explained how the current colour morphs of kakapo might be a result of pressure from extinct predators. Using genomics to understand the current significance of such characteristics is important as we seek to restore the mauri (life force) of kakapo by reducing intensive management and returning them to their former habitats."
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Unaffordable food putting mums-to-be at risk | ScienceDaily
Pregnant women who have limited access to affordable, nutritious, and healthy foods have a higher chance of developing both physical and mental health problems.


						
New research from Newcastle University has found that women who are what is termed "food insecure" are up to four times more likely to have poor mental health -- such as stress, anxiety, and depression -- than those who don't struggle to afford or access food.

The mums-to-be are also at increased risk of obesity, developing diabetes during their pregnancy and dental problems, the two studies published in PLOS Medicine and Obesity Reviews show.

In recent years, food insecurity has more than doubled in the UK and it is estimated that more than one in four households with babies and young children under four-years-old are affected.

'Shocking results'

Nicola Heslehurst, Professor of Maternal and Child Nutrition at Newcastle University, said: "We know how important it is for pregnant women to eat a nutritious and well-balanced diet for their own health and that of their developing baby.

"But when pregnant women experience food insecurity, it affects the quality of their diet because they can't afford increasingly expensive items such as fruit and vegetables, therefore, have to rely on cheaper poor nutritional quality foods.




"While we were expecting to see some health risks during pregnancy, the extent of those we found were quite shocking, especially for mental health, obesity, and pregnancy diabetes.

"These also have long-term implications, such as mums and their children being more likely to develop type 2 diabetes later in life.

"Our studies provide new evidence of the inequalities in pregnancy risks for women and babies when there is not access to affordable, nutritious, healthy food, and the need for more support to help reduce the impact of food insecurity."

Before Covid, fewer than one in 10 households in the UK were experiencing food insecurity, now it is estimated that a quarter of households with babies and young children are food insecure, and almost half of all households with three or more children.

When people are food insecure, they go hungry, skip meals, or don't eat all day. Families can also experience financial problems that impact on bills, rent and heating costs which further squeezes the household budget available for food.

Scientists analysed data from high-income countries since the global financial crisis in 2008 to explore links between food insecurity and pregnancy health for mum and baby.




In these two studies, also involving Teesside University and King's College London, the experts collated the data to look for patterns and where there may be increased risk and need for support.

'Government help needed'

Professor Heslehurst said: "Any temporary emergency measures to address food insecurity, such as using food banks, are not going to address the underlying social and economic problems.

"We need much more financial support from the Government to make sure that women and babies are protected from food insecurity during pregnancy."

Further research is needed by the team as there was a lack of data available on food insecurity and pregnancy health from the UK, with most of the studies analysed generating from the USA.

Professor Heslehurst added: "If we look at more data from the UK, where there is a lack of support available and rapidly rising rates of food insecurity, we might find the risks are worse than we currently think, and the need for support even greater."

Newcastle University researchers involved in these studies are Dr Gina Nguyen, Dr Stephanie Scott, and Letitia Sermin-Reed. The research is a Fuse, The Centre for Translational Research in Public Health, project.
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Games, puzzles and reading can slow cognitive decline in the elderly -- even in those with mild cognitive impairment | ScienceDaily
The aging process can lead to diminished cognitive functioning for older adults. In addition, about 10 percent of people previously diagnosed with mild cognitive impairment develop Alzheimer's disease or other forms of dementia every year.


						
Although a few studies have found that activities such as putting together jigsaw puzzles can protect against cognitive aging, the benefits of these activities in preventing or postponing cognitive decline are still largely unknown.

Now, findings from a new study from the Texas A&M University School of Public Health suggest that older people with mild cognitive impairment who engage in high levels of activities such as word games and hobbies have better memory, working memory, attention and processing speed than those who do not.

"Today, nearly six million people in the United States have dementia, and this number is projected to grow to about 14 million by 2060 -- with minority populations affected the most," said Dr. Junhyoung "Paul" Kim, an associate professor of health behavior at Texas A&M. "We sought to help fill the gap in our understanding of cognitive decline."

For the study, published in the Journal of Cognitive Enhancement, Kim, along with researchers from the University of Southern Mississippi and Indiana University, analyzed data on 5,932 people who were at least 50 years old in 2012, had mild cognitive impairment and were part of the Health and Retirement Study (HRS) from 2012 to 2020.

The HRS collects data through self-reported paper-and-pencil surveys and in-depth phone interviews. For this study, the researchers analyzed the answers to seven questions about how often participants engaged in cognitively stimulating activities such as reading, game playing and hobbies. Next, they divided the participation levels in the categories of low, mid and high based on criteria used in previous studies and conducted repeated-measured multivariate analysis of covariance.

"In short, the high-level participation group consistently exhibited higher cognitive function levels during the study period and maintained a similar level of cognitive functions compared to the other groups," Kim said.




Those in the high-level category had higher levels of memory, working memory, and attention and processing speed than those in the mid- and low-level groups. In addition, those in the mid-level category had higher levels of working memory and attention and processing speed than those in the low-level participation group.

"We also found significant differences in all three cognitive functions between years with a declining slope, but the differences between 2014 and the other years of the data set that were examined were not significant," Kim said.

Kim and the others are hopeful that these findings will lead health care providers to recommend that older people with mild cognitive impairment play games, read or engage in similarly stimulating activities at least three to four times a week.

"In addition, we hope that barriers to doing this, such as inadequate caregiver support and financial constraints, could be overcome through stronger public care services and community support networks," Kim said
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An antidiabetic helps the immune system recognize reservoirs of HIV | ScienceDaily
Researchers at Universite de Montreal's affiliated hospital research centre, the CRCHUM, say the discovery could help lessen and even eliminate viral loads in people undergoing antiretroviral therapy.


						
Metformin, a drug used to treat type 2 diabetes, could help deplete the viral reservoir and eliminate it entirely in people living with HIV who receive antiretroviral therapy, Canadian researchers say in a new study.

In 2021, a team led by immunologist Petronela Ancuta of Universite de Montreal's affiliated hospital research centre, the CRCHUM, showed that metformin, when taken for three months, improved patients' immunity and reduced the chronic inflammation usually associated with complications such as cardiovascular disease.

One reason these benefits are so effective is that metformin inhibits the activity of the mTOR (mechanistic target of rapamycin) molecule, which in turn slows down HIV replication in the cells of patients infected with the virus.

In the journal iScience, Ancuta and her student Augustine Fert, the study's first author and a recent Ph.D. holder, go further. They studied the molecular mechanisms of action of metformin on HIV replication in CD4 T lymphocytes, which are immune system cells that provide shelter for the virus.

In these reservoirs, HIV keeps on replicating, which contributes to the chronic inflammation by constantly activating the immune system.

"The results of our in vitro tests on cells from people living with HIV and treated with antiretroviral therapy caught us off guard at first," said Ancuta. "They were a bit surprising. We discovered that metformin had both a proviral and an antiviral effect. The drug helped boost the number of HIV-infected cells, while also stopping the virus from escaping the cell."

Antibodies to the rescue




Another benefit of metformin is that it overexpresses the BST2 protein, which acts as a kind of glue to keep virions clinging to the surface of HIV-infected cells. The immune system then spots them and can target them with antibodies.

"Together with my colleague Andres Finzi, we tested the ability of several broad-spectrum neutralizing anti-HIV antibodies to recognize viral reservoir cells after metformin exposure in vitro," said Ancuta. "Some of them recognized the virus very well, suggesting their ability to attract and trigger the destruction of infected cells by NK cells through a process of cellular cytotoxicity."

These recent scientific advances mean that the "shock-and-kill" eradication strategy, often used in the fight against HIV, can be foreseen in a different way, she added.

"In people living with HIV and treated with antiretroviral therapy, we could use metformin to reactivate the reservoir cells responsible for viral replication upon treatment interruption, in combination with antibodies that are already used clinically and well tolerated. These antibodies can then detect the rare infected cells and eliminate them."

In the next phase of her research, Ancuta plans to launch a clinical trial to validate her in vitro research results, in collaboration with Finzi and their CRCHUM colleague Nicolas Chomont, and Jean-Pierre Routy of the McGill University Health Centre Research Institute.

Before she can move forward with this strategy, she will test it in preclinical models.
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Due to humans, Salish Sea waters are too noisy for resident orcas to hunt successfully | ScienceDaily
The Salish Sea -- the inland coastal waters of Washington and British Columbia -- is home to two unique populations of fish-eating orcas, the northern resident and the southern resident orcas. Human activity over much of the 20th century, including reducing salmon runs and capturing orcas for entertainment purposes, decimated their numbers. This century, the northern resident population has steadily grown to more than 300 individuals, but the southern resident population has plateaued at around 75. They remain critically endangered.


						
New research led by the University of Washington and the National Oceanic and Atmospheric Administration has revealed how underwater noise produced by humans may help explain the southern residents' plight. In a paper published Sept. 10 in Global Change Biology, the team reports that underwater noise pollution -- from both large and small vessels -- forces northern and southern resident orcas to expend more time and energy hunting for fish. The din also lowers the overall success of their hunting efforts. Noise from ships likely has an outsized impact on southern resident orca pods, which spend more time in parts of the Salish Sea with high ship traffic.

"Vessel noise negatively impacts every step in the hunting behavior of northern and southern resident orcas: from searching, to pursuing and finally capturing prey," said lead author Jennifer Tennessen, a senior research scientist at the UW's Center for Ecosystem Sentinels, who began this study as a postdoctoral researcher with NOAA's Northwest Fisheries Science Center. "It shines a light on why southern residents in particular have not recovered. One factor hindering their recovery is availability and accessibility of their preferred prey: salmon. When you introduce noise, it makes it even harder to find and catch prey that is already hard to find."

Northern and southern resident orcas search for food via echolocation. Individuals transmit short clicks through the water column that bounce off other objects. Those signals return to orcas as echoes that encode information about the type of prey, its size and location. If the orcas detect salmon, they can initiate a complex pursuit and capture process, which includes intensified echolocation and deep dives to try to trap and capture fish.

The team -- which also includes scientists at Fisheries and Oceans Canada, Wild Orca, the Cascadia Research Collective and the University of Cumbria in the U.K. -- analyzed data from northern and southern resident orcas, whose movements were tracked using digital tags, or "Dtags." The cellphone-sized Dtags, which attach noninvasively just below an orca's dorsal fin via suction cups, collect data on three-dimensional body movements, position, depth and other environmental data including -- critically -- the sound levels at the whales' locations.

"Dtags are a critical innovation for us to understand firsthand the environmental conditions that resident orcas experience," said Tennessen. "They open a window into what orcas are hearing, their echolocation behavior and the very specific movements they initiate when they hunt for prey."

The researchers analyzed data from 25 Dtags placed on northern and southern resident orcas for several hours on specific days from 2009 to 2014. The team's deep dive into Dtag data showed that vessel noise, particularly from boat propellers, raised the level of ambient noise in the water. The increased noise interfered with the orcas' ability to hear and interpret information about prey conveyed via echolocation. For every additional decibel increase in maximum noise levels around orcas, the researchers observed:
    	An increased chance of male and female orcas searching for prey
    	A lower chance of females pursuing prey
    	A lower chance that both males and females would actually capture prey

Dtags also recorded "deep dive" hunting attempts by orcas. Out of 95 such attempts, most occurred in low or moderate noise. But six deep-hunting dives occurred in particularly loud settings, only one of which was successful.




The team found that noise had a disproportionately negative impact on females, who were less likely to pursue prey that had been detected during noisy conditions. Dtag data did not indicate the reason, though potential explanations include a reluctance to leave vulnerable calves at the surface while engaging prey in long chases that may not be fruitful, and the pressure for lactating females to conserve energy. Though southern resident orcas often share captured prey with one another, the impact of noise may contribute to nutritional stress among females, which previous research has linked to high rates of pregnancy failure among southern residents.

Reducing vessel speeds leads to quieter waters for the orcas. Both sides of the U.S.-Canada border include voluntary speed-reduction programs for vessels: the Echo Program, initiated in 2014 by the Vancouver Fraser Port Authority, and Quiet Sound, launched in 2021 for Washington state waters. But reducing noise is only one factor in saving southern resident orcas and helping northern residents continue to recover.

"When you factor in the complicated legacy we've created for the resident orcas -- habitat destruction for salmon, water pollution, the risk of vessel collisions -- adding in noise pollution just compounds a situation that is already dire," said Tennessen. "The situation could be turned around, but only with great effort and coordination on our part."

Co-authors on the paper are Marla Holt, Brad Hanson and Candice Emmons with NOAA's Northwest Fisheries Science Center; Brianna Wright and Sheila Thornton with Fisheries and Oceans Canada; Deborah Giles with Wild Orca and the UW's Friday Harbor Laboratories; Jeffrey Hogan with the Cascadia Research Collective; and Volker Deecke with the University of Cumbria. The research was funded by NOAA, Fisheries and Oceans Canada, the University of Cumbria, the Marie Curie Intra-European Fellowship, the University of British Columbia and the Natural Sciences and Engineering Research Council of Canada.
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Like father, like daughter | ScienceDaily
When they become fathers, men who have an unhealthy, high-cholesterol diet can cause increased risk of cardiovascular disease, or CVD, in their daughters, a University of California, Riverside-led mouse study has found.


						
The research, published in the journal JCI Insight, is the first to demonstrate this result seen only in female offspring.

CVD, the leading cause of death globally, is a group of disorders that affects the heart and blood vessels. Hypertension (high blood pressure) is a leading risk factor for CVD. In the United States, nearly 703,000 people died in 2022 from heart disease, the equivalent of one in every five deaths.

"It had been previously thought that sperm contribute only their genome during fertilization," said Changcheng Zhou, a professor of biomedical sciences in the School of Medicine and the study's lead author. "However, recent studies by us and others have demonstrated that environmental exposures, including unhealthy diet, environmental toxicants, and stress, can alter the RNA in sperm to mediate intergenerational inheritance."

Ribonucleic acid, or RNA, is present in all living cells. Bearing structural similarities to DNA, this nucleic acid is essential for most biological functions in living organisms and viruses.

"Men who plan to have children should consider eating a healthy, low-cholesterol diet and reducing their own CVD risk factors," Zhou said. "These factors appear to affect their sperm in influencing the health of their female offspring. Our study suggests the sperm passes this information to the next generation."

The study focused on atherosclerosis, a chronic inflammatory disease that is the leading cause of CVD. In atherosclerosis, plaque, a sticky substance made up of cholesterol, fat, and other substances in the blood, builds up in the walls of arteries. When the plaque hardens, it narrows the arteries, limiting blood flow to the body and reducing the supply of oxygen to tissues of vital organs.




Sperm contains an abundance of small non-coding RNA molecules, which are important for gene regulation and many cellular processes. When they are modified, their functions change significantly across various biological processes. The researchers found that the small RNA molecules in sperm of mice fed a high-cholesterol diet undergo alterations in response to exposure to the diet. They also found that the altered small RNA molecules can affect early gene expression in mouse embryonic stem cells.

Zhou explained that most studies have focused on the effects of maternal factors on offspring health. The impact of paternal exposures on offspring health has been largely overlooked, he said.

"It is challenging to study the impact of parental exposures on chronic disease development in their offspring because the experiments, in general, are time consuming and require more resources and careful planning," he said.

The researchers are not clear why only female offspring are affected with CVD. In their experiments, Zhou and his team fed male genetically engineered mice a high-cholesterol diet, which caused them to have hyperlipidemia, a disorder that, if left untreated, can lead to heart disease and stroke. These mice were then mated with female mice that were fed a regular, low-cholesterol diet. Their litter was also fed a low-cholesterol diet. The female offspring were found to have 2-3-fold increases in atherosclerosis.

"Our study contributes to understanding the etiology of chronic diseases originating from parental exposures," Zhou said. "We hope our findings stimulate investigations of the impact of paternal exposures on offspring cardiovascular health in humans."

Zhou was joined in the study by Rebecca Hernandez, Xiuchun Li, Junchao Shi, and Tejasvi R. Dave of UCR; Tong Zhou of the University of Nevada, Reno; and Qi Chen of the University of Utah, Salt Lake City.

The study was supported by grants to Zhou from the National Institutes of Health, or NIH. Hernandez was supported by an American Heart Association predoctoral fellowship. Dave was supported by a UCR mini grant for undergraduate research and creative activities.

To study sperm small RNA, the researchers used the PANDORA-seq method developed at UCR.
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        One of world's fastest ocean currents is remarkably stable, study finds
        Scientists found that the strength of the Florida Current, the beginning of the Gulf Stream system and a key component of the global Atlantic Meridional Overturning Circulation, or AMOC, has remained stable for the past four decades.

      

      
        Light pollution a new Alzheimer's risk factor
        Outdoor light at night could be a significant risk factor in Alzheimer's disease, according to new research from Rush.

      

      
        Microscale robot folds into 3D shapes and crawls
        Researchers have created microscale robots less than 1 millimeter in size that are printed as a 2D hexagonal 'metasheet' but, with a jolt of electricity, morph into preprogrammed 3D shapes and crawl.

      

      
        Genes with strong impact on menopause timing also link to cancer risk
        The team first looked at variation in data from genetic sequencing of 106,973 post-menopausal female participants in the UK Biobank study. Researchers focused on rare types of genetic changes which cause a loss of the protein, and investigated their effect on the timing of menopause. The genetic changes studied are all rare in the population, however their influence on menopause is five times greater than the impact of any previously identified common genetic variant.

      

      
        Discovery of a new phase of matter in 2D which defies normal statistical mechanics
        Physicists have created the first two-dimensional version of the Bose glass, a novel phase of matter that challenges statistical mechanics.

      

      
        The Neanderthals may have become extinct because of their isolated lifestyle
        Neanderthal remains recently discovered in a cave in France support well-known theory of why the Neanderthals became extinct, researchers behind a new study say.

      

      
        Mirror, mirror, in my tank, who's the biggest fish of all?
        Researchers have demonstrated that bluestreak cleaner wrasse (Labroides dimidiatus) checked their body size in a mirror before choosing whether to attack fish that were slightly larger or smaller than themselves, saying it was the first time for a non-human animal to be demonstrated to possess some mental states that are elements of private self-awareness.

      

      
        Scientists expand the genetic alphabet to create new proteins
        It's a dogma taught in every introductory biology class: Proteins are composed of combinations of 20 different amino acids, arranged into diverse sequences like words. But researchers trying to engineer biologic molecules with new functions have long felt limited by those 20 basic building blocks and strived to develop ways of putting new building blocks -- called non-canonical amino acids -- into their proteins. Now, scientists have designed a new paradigm for easily adding non-canonical amino a...

      

      
        Risky play exercises an ancestral need to push limits
        Since their invention in the 1920s, jungle gyms and monkey bars have become both fixtures of playgrounds and symbols of childhood injury that anxious caretakers want removed. Anthropologists mark 100 years of the iconic playground equipment by arguing that risky play exercises a biological need passed on from apes and early humans for children to independently test and expand their physical and cognitive abilities in a context in which injury is possible but avoidable.

      

      
        Astronomers track bubbles on star's surface
        Astronomers have captured images of a star other than the Sun in enough detail to track the motion of bubbling gas on its surface. The images of the star, R Doradus, were obtained in July and August 2023. They show giant, hot bubbles of gas, 75 times the size of the Sun, appearing on the surface and sinking back into the star's interior faster than expected.

      

      
        Brain-wide decision-making dynamics discovered
        Neuroscientists have revealed how sensory input is transformed into motor action across multiple brain regions in mice. The research shows that decision-making is a global process across the brain that is coordinated by learning. The findings could aid artificial intelligence research by providing insights into how to design more distributed neural networks.

      

      
        Atypical metabolite levels at birth may increase SIDS risk
        Newborns who had an atypical pattern of metabolites were more than 14 times as likely to die of sudden infant death syndrome (SIDS), compared to infants who had more typical metabolic patterns, according to a new study. Metabolites are molecules produced by the body's various chemical reactions. Researchers found that infants who died of SIDS had a specific pattern of metabolites compared to infants who lived to their first year. The researchers believe that checking for this pattern could provid...

      

      
        Researchers combine the power of AI and the connectome to predict brain cell activity
        With maps of the connections between neurons and artificial intelligence methods, researchers can now do what they never thought possible: predict the activity of individual neurons without making a single measurement in a living brain.

      

      
        Like father, like daughter
        When they become fathers, men who have an unhealthy, high-cholesterol diet can cause increased risk of cardiovascular disease, or CVD, in their daughters, a mouse study has found.

      

      
        Methane emissions are rising faster than ever
        Methane concentrations in Earth's atmosphere increased at record speed over the past five years. At least two-thirds of annual methane emissions now come from human activities, including fossil fuel use, agriculture, and landfills and other waste.

      

      
        Strongest battery paves way for light, energy-efficient vehicles
        When cars, planes, ships or computers are built from a material that functions as both a battery and a load-bearing structure, the weight and energy consumption are radically reduced. A research group is now presenting an advance in so-called massless energy storage -- a structural battery that could halve the weight of a laptop, make the mobile phone as thin as a credit card or increase the driving range of an electric car by up to 70 percent on a single charge.

      

      
        New AI can ID brain patterns related to specific behavior
        Scientists have developed a new AI algorithm that can separate brain patterns related to a particular behavior. This work promises to improve brain-computer interfaces and aid with the discovery of new brain patterns.

      

      
        Giant fanged frog went unrecognized in Philippines because it was nearly identical to even larger species
        Researchers published findings describing a new species of fanged frog, named Limnonectes cassiopeia, from the Philippine island of Luzon.

      

      
        Formation of super-Earths is limited near metal-poor stars
        In a new study, astronomers report novel evidence regarding the limits of planet formation, finding that after a certain point, planets larger than Earth have difficulty forming near low-metallicity stars.

      

      
        New research sinks an old theory for the doldrums, a low-wind equatorial region that stranded sailors for centuries
        During the Age of Sail, sailors riding the trade winds past the equator dreaded becoming stranded in the doldrums, a meteorologically distinct region in the deep tropics. For at least a century, scientists have thought that the doldrums' lack of wind was caused by converging and rising air masses. Now, new research suggests that the opposite may be true.

      

      
        Artificial muscles propel a robotic leg to walk and jump
        Researchers have developed a robotic leg with artificial muscles. Inspired by living creatures, it jumps across different terrains in an agile and energy-efficient manner.

      

      
        'Out-of-body' research could lead to new ways to promote social harmony
        Out-of-body experiences, such as near-death experiences, can have a 'transformative' effect on people's ability to experience empathy and connect with others, new research explains.

      

      
        Extreme weather to strengthen rapidly over next two decades
        The study shows how global warming can combine with normal variations in the weather to produce decade-long periods of very rapid changes in both extreme temperatures and rainfall.

      

      
        'Ice bucket challenge' reveals that bacteria can anticipate the seasons
        Bacteria use their internal 24-hour clocks to anticipate the arrival of new seasons, according to research carried out with the assistance of an 'ice bucket challenge.'

      

      
        New filtration material could remove long-lasting chemicals from water
        A new filtration material might provide a nature-based solution to water contamination by PFAS chemicals. The material, based on natural silk and cellulose, can remove a wide variety of these 'forever' chemicals as well as heavy metals, and its antimicrobial properties can help keep the filters from fouling.

      

      
        'Some pterosaurs would flap, others would soar' -- new study further confirms the flight capability of these giants of the skies
        Some species of pterosaurs flew by flapping their wings while others soared like vultures, demonstrates a new study. Findings include a new pterosaur with a five-meter wingspan, which is one of the most complete pterosaurs ever recovered from Afro-Arabia.

      

      
        AI helps distinguish dark matter from cosmic noise
        An AI-powered tool can distinguish dark matter's elusive effects from other cosmic phenomena, which could bring us closer to unlocking the secrets of dark matter.

      

      
        Astrophysics: AI shines a new light on exoplanets
        A team models the atmospheres of distant planets using neural networks.

      

      
        Researchers create a one-dimensional gas out of light
        Physicists have created a one-dimensional gas out of light. This has enabled them to test theoretical predictions about the transition into this exotic state of matter for the first time. The method used in the experiment by the researchers could be used for examining quantum effects.

      

      
        Study suggests US droughts, rainy extremes becoming more severe
        Severe drought in the American Southwest and Mexico and more severe wet years in the Northeast are the modern norm in North America, according to new research -- and the analysis suggests these seasonal patterns will be more extreme in the future. The middle of the United States, meanwhile, can expect bigger swings between wetter wet periods -- high-rainfall years known as pluvials -- and drier summers through the rest of this century, the study predicts.

      

      
        100x improvement in sight seen after gene therapy trial
        The vision of people with a rare inherited condition that causes them to lose much of their sight early in childhood was 100 times better after they received gene therapy to address the genetic mutation causing it. Some patients even experienced a 10,000-fold improvement in their vision after receiving the highest dose of the therapy, according to researchers.

      

      
        Massive merger: Study reveals evidence for origin of supermassive black hole at galaxy's center
        Researchers have discovered compelling evidence suggesting that the supermassive black hole at the center of our Milky Way galaxy, known as Sagittarius A* (Sgr A*), is likely the result of a past cosmic merger. The study builds on recent observations from the Event Horizon Telescope (EHT), which captured the first direct image of Sgr A* in 2022.

      

      
        Novel study reveals how aging immune system fuels cancer growth, potentially opening new avenues for prevention
        A novel study addresses a critical yet under-explored question in cancer research: Why is aging the biggest risk factor for cancer? The study reveals how an aging immune system spurs tumor growth, offering new insights into cancer prevention and treatment, especially for older adults. In preclinical models, the research team found that anakinra, a drug typically used for inflammatory conditions such as rheumatoid arthritis, can be repurposed to block harmful signals between early lung cancer lesi...

      

      
        Scientists make tissue of living animals see-through
        In a pioneering new study, researchers made the skin on the skulls and abdomens of live mice transparent by applying to the areas a mixture of water and a common yellow food coloring called tartrazine.

      

      
        The collapse of bat populations led to more than a thousand infant deaths
        A new study shows that when communities experienced the near death of entire insect-eating bat populations, farmers increased their use of pesticides. This in turn increased the infant mortality rate.

      

      
        Gravitational waves unveil previously unseen properties of neutron stars
        A better understanding of the inner workings of neutron stars will lead to a greater knowledge of the dynamics that underpin the workings of the universe and also could help drive future technology. A new study details how new insights into how dissipative tidal forces within double -- or binary -- neutron star systems will inform our understanding of the universe.
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One of world's fastest ocean currents is remarkably stable, study finds | ScienceDaily
A new study by scientists at the Cooperative Institute for Marine and Atmospheric Studies (CIMAS), the University of Miami Rosenstiel School of Marine, Atmospheric, and Earth Science, NOAA's Atlantic Oceanographic and Meteorological Laboratory (AOML), and the National Oceanography Centre found that the strength of the Florida Current, the beginning of the Gulf Stream system and a key component of the global Atlantic Meridional Overturning Circulation, or AMOC, has remained stable for the past four decades.


						
There is growing scientific and public interest in the AMOC, a three-dimensional system of ocean currents that act as a "conveyer belt" to distribute heat, salt, nutrients, and carbon dioxide across the world's oceans. Changes in the AMOC's strength could impact global and regional climate, weather, sea level, precipitation patterns, and marine ecosystems.

In this research, measurements of the Florida Current were corrected for the secular change in the geomagnetic field to find that the Florida Current, one of the fastest currents in the ocean and an important part of the AMOC, has remained remarkably stable over the past 40 years.

The study published in the journal Nature Communications, the scientists reassessed the 40-year record of the Florida Current volume transport measured on a decommissioned submarine telecommunications cable in the Florida Straits, which spans the seafloor between Florida and the Bahamas. Due to the Earth's magnetic field, as salt ions in the seawater are transported by the Florida Current over the cable, a measurable voltage is induced in the cable. The cable measurements were analyzed together with measurements from regular hydrographic surveys that directly measure the Florida Current volume transport and water mass properties. In addition, the transport was inferred from cross-stream sea level differences measured by altimetry satellites.

"This study does not refute the potential slowdown of AMOC, it shows that the Florida Current, one of the key components of the AMOC in the subtropical North Atlantic, has remained steady over the more than 40 years of observations," said Denis Volkov, lead author of the study and a scientist at CIMAS which is based at the Rosenstiel School. "With the corrected and updated Florida Current transport time series, the negative tendency in the AMOC transport is indeed reduced, but it is not gone completely. The existing observational record is just starting to resolve interdecadal variability, and we need many more years of sustained monitoring to confirm if a long-term AMOC decline is happening."

Understanding the state of the Florida Current is very important for developing coastal sea level forecast systems, assessing local weather and ecosystem and societal impacts.

Since 1982, NOAA's Western Boundary Time Series (WBTS) project and its predecessors have monitored the transport of the Florida Current between Florida and the Bahamas at 27degN using a 120-km long submarine cable paired with regular hydrographic cruises in the Florida Straits. This nearly continuous monitoring has provided the longest observational record of a boundary current in existence. Beginning in 2004, NOAA's WBTS project partnered with the United Kingdom's Rapid Climate Change program (RAPID) and the University of Miami's Meridional Overturning Circulation and Heatflux Array (MOCHA) programs to establish the first trans basin AMOC observing array at about 26.5N.

The study was supported by NOAA 's Global Ocean Monitoring and Observing program (grant #100007298), NOAA's Climate Variability and Predictability program (grant #NA20OAR4310407), Natural Environment Research Council (grants #NE/Y003551/1 and NE/Y005589/1) and the National Science Foundation (grants #OCE-1332978 and #OCE-1926008).
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Light pollution a new Alzheimer's risk factor | ScienceDaily
Outdoor light at night could be a significant risk factor in Alzheimer's disease, according to new research from Rush.


						
While light pollution is associated with increased risk of some disorders and diseases, this is the first time it had been associated with Alzheimer's disease.

The study was conducted at Rush University System for Health and published in Frontiers in Neuroscience.

"Our research shows that there is an association in the U.S. between Alzheimer's disease prevalence and exposure to light at night, particularly in those under the age of 65," said lead investigator, Robin Voigt-Zuwala, PhD, an associate professor?at Rush. "Nightly light pollution -- a modifiable environmental factor -- may influence risk for Alzheimer's."

High U.S. light levels

While legislation in some states aims to reduce light pollution, levels of nighttime light remain high in many parts of the country.

In studying light pollution maps, researchers looked at the lower 48 states and incorporated medical data associated with Alzheimer's disease risk factors and divided the groups by light intensity. In the five groups, they found that light intensity was correlated with Alzheimer's disease prevalence even when some well-established disease factors were not.




While the cause is unknown, higher nighttime light intensity was associated with a greater Alzheimer's disease prevalence than any other risk factor examined in the study for those under the age of 65, suggesting that younger people may be more sensitive to the effects of light exposure at night.

"Certain genes can influence early-onset Alzheimer's,and these same genes may cause increased vulnerability to the effects of nighttime light exposure," Voigt-Zuwala explained. "Additionally, younger people are more likely to live in urban areas and have lifestyles that may increase exposure to light at night."

Reducing light exposure

Exposure to light influences the body's natural sleep-wake pattern, which is called a circadian rhythm. Exposure to light at night can disrupt a person's circadian rhythm, which can promote inflammation and make a person less resilient and more prone to disease. Researchers did not examine light inside the home at night or how it might impact health.

Voigt-Zuwala said, "The good news is that simple changes can be made with minimal effort to reduce exposure to light at night -- adding black out curtains or sleeping with an eye mask."

The research results are limited to a subset of the population and further testing is needed to better understand the connection between evening outdoor light and Alzheimer's disease.
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Microscale robot folds into 3D shapes and crawls | ScienceDaily
Cornell University researchers have created microscale robots less than 1 millimeter in size that are printed as a 2D hexagonal "metasheet" but, with a jolt of electricity, morph into preprogrammed 3D shapes and crawl.


						
The robot's versatility is due to a novel design based on kirigami, a cousin of origami, in which slices in the material enable it to fold, expand and locomote.

The team's paper, "Electronically Configurable Microscopic Metasheet Robots," published Sept. 11 in Nature Materials. The paper's co-lead authors are postdoctoral researchers Qingkun Liu and Wei Wang. The project was led by Itai Cohen, professor of physics. His lab has previously produced microrobotic systems that can actuate their limbs, pump water via artificial cilia and walk autonomously.

In a sense, the origins of the kirigami robot were inspired by "living organisms that can change their shape." Liu said. "But when people make a robot, once it's fabricated, it might be able to move some limbs but its overall shape is usually static. So we've made a metasheet robot. The 'meta' stands for metamaterial, meaning that they're composed of a lot of building blocks that work together to give the material its mechanical behaviors."

The robot is a hexagonal tiling composed of approximately 100 silicon dioxide panels that are connected through more than 200 actuating hinges, each about 10 nanometers thin. When electrochemically activated via external wires, the hinges form mountain and valley folds and act to splay open and rotate the panels, allowing the robot to change its coverage area and locally expand and contract by up to 40%. Depending which hinges are activated, the robot can adopt various shapes and potentially wrap itself around other objects, and then unfold itself back into a flat sheet.

Cohen's team is already thinking of the next phase of metasheet technology. They anticipate combining their flexible mechanical structures with electronic controllers to create ultra-responsive "elastronic" materials with properties that would never be possible in nature. Applications could range from reconfigurable micromachines to miniaturized biomedical devices and materials that can respond to impact at nearly the speed of light, rather than the speed of sound.

"Because the electronics on each individual building block can harvest energy from light, you can design a material to respond in programmed ways to various stimuli. When prodded, such materials, instead of deforming, could 'run' away, or push back with greater force than they experienced," Cohen said. "We think that these active metamaterials -- these elastronic materials -- could form the basis for a new type of intelligent matter governed by physical principles that transcend what is possible in the natural world."
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Genes with strong impact on menopause timing also link to cancer risk | ScienceDaily
New research has found four genes with some of the largest known effects on the timing of menopause discovered to date, providing new insight into links between menopause timing and cancer risk.


						
Genes come in pairs, and when women only have one working copy of the four new genes identified (ETAA1, ZNF518A, PNPLA8, PALB2), they have menopause between two and five-and-a-half years earlier than average.

Published in Nature, the large-scale analysis was funded by the Medical Research Council and Wellcome. The team first looked at variation in data from genetic sequencing of 106,973 post-menopausal female participants in the UK Biobank study. Researchers focussed on rare types of genetic changes which cause a loss of the protein, and investigated their effect on the timing of menopause.

The genetic changes studied are all rare in the population, however their influence on menopause is five times greater than the impact of any previously identified common genetic variant. The strongest effect was found from gene variants in ZNF518A, only found in one in 4,000 women. These variants shortened reproductive lifespan more than most previously identified genes.

Discovering the effect of the genes gives scientists a better understanding of the biological mechanisms underpinning menopause, and links to other diseases.

Study co-lead Professor Anna Murray, of the University of Exeter Medical School, said: "For decades, menopause has been under-researched, yet now this is a rapidly evolving area of science. The timing of menopause has a huge impact on women as they plan their careers and lives, and understanding the genetic changes is of particular interest in terms of potential treatments that could prolong reproductive life in future."

When unrepaired DNA damage occurs in eggs, they can die. The rate at which eggs are lost determines when women experience menopause. The team's previous work has shown that many genes that influence the timing of menopause are likely to do this by affecting the genetic integrity of eggs. The same factors affect other cells and tissue types in parallel, and in this new study, the team found that many of the genes linked to menopause timing are also risk factors for cancer. These include changes in the BRCA1 and BRCA2 genes, which result in earlier menopause and also in increased risk of cancer.




This is thought to be the process at play in a fifth new gene linked to menopause timing (SAMHD1). The team discovered that changes in this gene can cause women to go through menopause over a year later than average. The researchers also found for the first time that changes in this gene cause predisposition to various cancers in men and women.

Professor John Perry, co-lead from the MRC Epidemiology Unit at the University of Cambridge added: "Past research suggests the female ovary ages at a faster rate than other organ in the body, and this is a model system for understanding the biology of broader ageing. Our latest research builds on this concept, demonstrating that studying ovarian ageing will not only lead to a better understanding of the biology behind infertility and other reproductive disorders, but will enhance our understanding of fundamental processes that regulate DNA damage and cancer risk in the general population."

Using data from the 100,000 Genomes project, led by Genomics England and NHS England, the team next found that mothers with a high number of genetic variants that cause earlier menopause tended to have more new changes in the DNA they passed onto their children. The study authors believe this is because the relevant genes are involved in repairing damage to DNA, so this function may be compromised in the ovaries, enabling new genetic changes to occur in the eggs.

Dr Hilary Martin, a study co-lead from the Wellcome Sanger Institute, said: "New changes to the DNA in the egg or sperm are the source of all genetic variation in humans, contributing to differences between individuals in their appearance, behaviours and risk of disease. Until now, we knew very little about what influences these new DNA changes, apart from parental age. This is the first time we've seen that existing common variation in DNA influences the rate of these changes."
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Discovery of a new phase of matter in 2D which defies normal statistical mechanics | ScienceDaily
Physicists from the Cavendish Laboratory in Cambridge have created the first two-dimensional version of the Bose glass, a novel phase of matter that challenges statistical mechanics. The details of the study have been published in Nature.


						
As the name suggests, the Bose glass has some glassy properties and within it all particles are localised. This means that each particle in the system sticks to itself, not mixing with its neighbours. If coffee was localised, then when stirring milk into the coffee, the intricate pattern of black and white stripes would remain forever, instead of washing out to an average.

To create this new phase of matter, the group overlapped several laser beams to create a quasiperiodic pattern, a pattern that is long-range ordered like a conventional crystal, but not periodic, meaning that, like a Penrose tiling, it never repeats. When filling the resulting structure with ultracold atoms cooled to nanokelvin temperatures -- close to absolute zero, the atoms formed the Bose glass.

"Localisation is not only one of the toughest nuts to crack in statistical mechanics, it can also help to advance quantum computing," said Professor Ulrich Schneider, Professor of Many-Body Physics at the Cavendish Laboratory, who led the study. Since a localised system would not mix with its surroundings, quantum information stored in a localised system would be preserved for far longer.

"A big limitation of large quantum systems is that we can't model them on a computer," said Schneider. "To accurately describe the system, we have to consider all its particles and all their possible configurations, a number that grows very quickly. However, we now have a real-life 2D example which we can directly study and observe its dynamics and statistics."

Schneider and his team focus on research into quantum simulation and quantum many-body dynamics. They use ultracold atoms to study many-body effects that, in the absence of a large full quantum computer, cannot be simulated numerically.

Very often, this problem simplifies significantly because the system will always relax into a thermal state in which only the temperature of the system is important and most other details vanish. This is referred to as being ergodic and forms the basis of statistical mechanics, one of the pillars of how we understand matter. "For instance, simply knowing the amount of milk poured in is enough to predict the final colour of our coffee after a long stirring," explained Schneider. "If we want to predict the full structure of white and dark swirls during the stirring, however, it's important to know where the milk was poured in and how the stirring is done precisely."

Interestingly, the Bose glass appears to be non-ergodic. This means that it doesn't 'forget its details', therefore modelling it will require all the details. This makes it a prime candidate for many-body localisation.




"It's a long-term aspiration to find a system or material that has many-body localisation," said Dr Jr-Chiun Yu, the first author of the study. "Such a material would offer many new possibilities, not only for fundamental studies, but also for building quantum computers, as quantum information stored in such a system should remain more local and not leak out into its environment -- a process called 'decoherence' that plagues many current quantum computing platforms."

In the experiment, the researchers observed a surprisingly sharp phase transition from a Bose glass to a superfluid, akin to how ice melts when the temperature increases. "A superfluid is a fluid that flows without any resistance," said Dr Bo Song, a former Postdoctoral Research Associate in Cambridge and now an Assistant Professor at Peking University, who contributed to the research. "Imagine particles swimming through a superfluid; there would be no friction, and the fluid would not slow them down. This property, called superfluidity, is closely related to superconductivity. Along with another quantum phase, the Mott insulator, the newly observed Bose glass and the superfluid make up the ground states of the Bose-Hubbard model that describes the physics of bosons in interacting and disordered system."

Bose glasses and superfluids are distinct phases of matter like ice and liquid water. However, like ice cubes in a cup of water, the atoms in their system can form both phases within the same experiment. The experimental results, confirming recent theoretical predictions, reveal how the Bose glass forms and evolves, so now the scientists can start thinking of applications for it.

However, though there are exciting opportunities for the future, Schneider believes we should exercise caution. "There are many things we still don't understand about the Bose glass and its potential connection to many-body localisation, both regarding their thermodynamics as well as dynamical properties. We should first focus on answering more of these questions before we try to find uses for it," concluded Schneider.
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The Neanderthals may have become extinct because of their isolated lifestyle | ScienceDaily
Neanderthal remains recently discovered in a cave in France support well-known theory of why the Neanderthals became extinct, researchers behind a new study say.


						
In recent years, researchers have offered different explanations for why modern humans survived and the Neanderthals became extinct some 40,000 years ago.

A new study from the Globe Institute at the University of Copenhagen supports one of the main hypotheses. The researchers behind the new study discovered Neanderthal remains of a male in a cave in southern France, and the discovery supports the hypothesis that the Neanderthals may have gone extinct because of their antisocial lifestyle.

"When we look at these genomes from Neanderthals, we see that they are quite inbred and therefore don't have much genetic diversity. They have been living in small groups for many generations. We know that inbreeding reduces genetic diversity in a population, which can be detrimental to their ability to survive if it occurs over a longer term," one of the researchers behind the new study, Associate Professor Martin Sikora from the Globe Institute, explains and adds:

"The newly found Neanderthal genome is from a different lineage than the other late Neanderthals previously studied. This supports the notion that social organization of Neanderthals was different to early modern humans who seemed to have been more connected."

In other words, compared to the Neanderthals, early modern humans were more likely to connect with other groups, which is an advantage if you want to survive.

"This is in the more speculative end, but even just the notion of being able to communicate more and exchange knowledge is something humans do that Neanderthals to some extend might not have done, due to their isolated lifestyles by organizing themselves in smaller groups. And that is an important skill to have. We see evidence of early modern humans in Siberia forming so-called mating networks to avoid issues with inbreeding, while living in small communities, which is something we haven't seen with Neanderthals," Postdoc Tharsika Vimala says.




DNA sheds light on the history of the Neanderthals

Researchers have found little Neanderthal DNA considering the substantial number of discovered Neanderthal remains across Eurasia. Some of the oldest Neanderthal DNA dates back to 120 thousand years ago and have been recovered from Neanderthals found in the Denisova Cave (Altai Mountains) and caves in Scladina (Belgium) and Hohlenstein-Stadel (Germany). In fact, the "new" Neanderthal genome is merely the fifth of its kind to be found in Western Europe with an age below 50 thousand years old.

"Our team in Copenhagen extracted DNA from his tooth, sequenced the DNA and analysed his nuclear genome, which is the DNA found within the core of the cells. The DNA was analysed along with other known Neanderthal genomes to understand their shared history," Martin Sikora says.

In addition, the researchers re-analysed the genome of another known late Neanderthal from France and found that this individual also carried ancestry from a distant Neanderthal lineage which is different from the 'new' genome. The findings tell us that multiple isolated communities might have been present in Western Europe up until their demise.

According to the researchers, the hypothesis is not new and has previously been found for Neanderthals living in the Altai Mountains which is naturally a more isolated area. Up until now they did not have the genomic evidence to confirm it for the Western European Neanderthals. The new discovery is therefore an important piece in the puzzle of Neanderthal history.

"It is something that we have talked about for a while. But we needed more evidence, and this is some of the evidence that we were looking for and needed to figure out how likely this hypothesis of them going extinct because of their isolated lifestyle is. We do, however, need much more genomic data to paint a better picture of their history," says Tharsika Vimala.

The study has been published in Cell Genomics.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240911112132.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Mirror, mirror, in my tank, who's the biggest fish of all? | ScienceDaily
What if that proverbial man in the mirror was a fish? Would it change its ways? According to an Osaka Metropolitan University-led research group, yes, it would.


						
In what the researchers say in Scientific Reports is the first time for a non-human animal to be demonstrated to possess some mental states (e.g., mental body image, standards, intentions, goals) which are elements of private self-awareness, bluestreak cleaner wrasse (Labroides dimidiatus) checked their body size in a mirror before choosing whether to attack fish that were slightly larger or smaller than themselves.

The team of OMU Graduate School of Science student Taiga Kobayashi, Specially Appointed Professor Masanori Kohda, Professor Satoshi Awata, and Specially Appointed Researcher Shumpei Sogawa, and Professor Redouan Bshary of Switzerland's University of Neuchatel, were among the group that last year reported the cleaner wrasse could identify photographs of itself as itself, based on its face through mirror self-recognition.

This time, the cleaner wrasse's behavior of going to look in the mirror installed in a tank when necessary indicated the possibility that the fish were using the mirror to check their own body size against that of other fish and predict the outcome of fights.

"The results that fish can use the mirror as a tool can help clarify the similarities between human and non-human animal self-awareness and provide important clues to elucidate how self-awareness has evolved," doctoral candidate Kobayashi declared.

This study was financially supported by JST SPRING (JPMJSP2139 to T.K.), JSPS KAKENHI (23KJ1829 to T.K., 19F19713 and 20K20630 to M.K., 22H02703 to S.A., and 20K20154 to S.S.), Swiss Science Foundation (310030_192673 to R.B.), and an OCU Strategic Research Grant 2018-2019 (to M.K. and S.A.).
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Scientists expand the genetic alphabet to create new proteins | ScienceDaily
It's a dogma taught in every introductory biology class: Proteins are composed of combinations of 20 different amino acids, arranged into diverse sequences like words. But researchers trying to engineer biologic molecules with new functions have long felt limited by those 20 basic building blocks and strived to develop ways of putting new building blocks -- called non-canonical amino acids -- into their proteins.


						
Now, scientists at Scripps Research have designed a new paradigm for easily adding non-canonical amino acids to proteins. Their approach, described in Nature Biotechnologyon September 11, 2024, revolves around using four RNA nucleotides -- rather than the typical three -- to encode each new amino acid.

"Our goal is to develop proteins with tailored functions for applications in fields spanning bioengineering to drug discovery," says senior author Ahmed Badran, PhD, an assistant professor of chemistry at Scripps Research. "Being able to incorporate non-canonical amino acids into proteins with this new method gets us closer to that goal."

For a cell to produce any given protein, it must translate a strand of RNA into a string of amino acids. Every three nucleotides of RNA, called a codon, correspond to one amino acid. But many amino acids have more than one possible codon; for instance, RNA reading the sequences UAU and UAC both correspond to the amino acid tyrosine. It's the job of small molecules called transfer RNAs (tRNAs) to link each amino acid to its corresponding codons.

Recently, researchers aiming to add completely new amino acids to a protein have created strategies to reassign a codon. For instance, the UAU codon could be linked to a new amino acid by changing the tRNA for UAU; this would result in UAU being read by the cell as corresponding to a building block other than tyrosine. But at the same time, every instance of UAU in the cell's genome would need to become UAC, in order to prevent the new amino acid from being integrated into thousands of other proteins where it doesn't belong.

"Creating free codons by whole genome recoding can be a powerful strategy, but it can also be a challenging undertaking since it requires considerable resources to build new genomes," says Badran. "For the organism itself, it can be difficult to predict how such codon changes influence genome stability and host protein production."

Badran and his colleagues wanted to create an efficient plug-and-play strategy that would only incorporate the chosen non-canonical amino acid(s) into specific sites in a target protein, without disrupting the cell's normal biology or requiring the entire genome to be edited. That meant using tRNA that wasn't already assigned to an amino acid. Their solution: a four-nucleotide codon.




The team knew that in a few situations -- such as bacteria quickly adapting to resist drugs -- four-nucleotide codons had naturally evolved. So, in their new work, the researchers studied what caused cells to use a codon with four nucleotides rather than three. They discovered that the identities of the sequences nearby to the four-base codon were critical -- frequently used codons enhanced how the cell could read a four-nucleotide codon to incorporate a non-canonical amino acid.

Badran's group then tested whether they could alter the sequence of a single gene so that it had a new four-nucleotide codon that would be correctly used by the cell. The method worked: When the researchers surrounded a target site with three-letter, frequently used codons and maintained sufficient levels of the four-nucleotide tRNA, the cell incorporated any new amino acid that was attached to the corresponding four-letter tRNA. The research team repeated the experiment with 12 different four-nucleotide codons and then used the technique to design more than 100 new cyclic peptides -- called macrocycles -- with up to three non-canonical amino acids in each.

"These cyclic peptides are reminiscent of bioactive small molecules that one might find in nature," says Badran. "By capitalizing on the programmability of protein synthesis and the diversity of building blocks accessible by this approach, we can create new-to-nature small molecules that will have exciting applications in drug discovery."

He adds that, compared with previous approaches to non-canonical amino acid incorporation, this new method is easy to use since it involves altering only one gene rather than a cell's entire genome. Additionally, more non-canonical amino acids could be used in a single protein since there are more possible four-nucleotide codons than three-nucleotide ones.

"Our results suggest that one can now easily and effectively incorporate non-canonical amino acids at diverse sites in a wide array of proteins," says Badran. "We're excited about these possibilities for our ongoing work and to provide this capability to the broader community."

He notes that the technique could be used to re-engineer existing proteins -- or create entirely new ones -- that have utility in a range of sectors, including medicine, manufacturing and chemical sensing.

This work was supported by funding from the National Institutes of Health (DP5-OD024590), the Research Corporation for Science Advancement, the Sloan Foundation (G-2023-19625), the Thomas Daniel Innovation Fund (627163_1), an Abdul Latif Jameel Water and Food Systems Lab Grand Challenge Award (GR000141-S6241), a Breakthrough Energy Explorer Grant (GR000056), the Foundation for Food & Agriculture Research (28-000578), a Homeworld Collective Garden Grant (GR000129), the Army Research Office (81341- BB-ECP), the Hope Funds for Cancer Research (HFCR-23-03-01), a Skaggs-Oxford Scholarship and a Fletcher Jones Foundation Fellowship.
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Risky play exercises an ancestral need to push limits | ScienceDaily
With schools nationwide back in session, millions of children across the United States will clamber up the jungle gyms and hang from the monkey bars that have been a fixture of playgrounds since they were invented in the 1920s.


						
But in that time, the steel structures have also become a symbol of playground peril for many anxious parents and public officials who think they should be removed from parks and schoolyards to avoid the occasional bruises and broken bones.

A team of Dartmouth anthropologists takes a different view, marking 100 years since the jungle gym and monkey bars were patented by arguing that the iconic playground equipment and other forms of risky play exercise a biological need passed on from apes and early humans that may be critical to childhood development.

They write in the journal Evolution, Medicine, and Public Health that a trend toward "surplus safety" on playgrounds may come at the expense of children being allowed to independently test and expand their physical and cognitive abilities in a context in which injury is possible but avoidable.

"One of the ironies of modern parenting is that our children have never been physically safer and yet we have never been more worried about them. We need to consider the potential longer-term benefits of allowing them to engage in play where there is some level of risk so they can overcome challenges on their own and learn from it when it doesn't work out," says Zane Thayer, a co-author of the paper and associate professor of anthropology at Dartmouth.

"Generally, researchers have found that risky play helps children build resilience and confidence, skills that resonate throughout life," she says. "We focus on jungle gyms and monkey bars as an easy way for children to engage in risky and thrill-seeking play."

The researchers describe how the physiology -- and fossilized injuries -- of early humans show juveniles likely engaged in extensive swinging, climbing, jumping, and other risky play. The 3.3-million-year-old remains of a female Australopithecus afarensis child known as Selam exhibit shoulders, fingers, and feet adapted to climbing in trees and hanging from limbs, like modern apes. The 3.2-million-year-old skeleton of Lucy, an adult female of the same species, shows healed fractures thought to result from falls as high as 40 feet.




"Fossil evidence suggests that the children of early humans spent as much time in trees as adults did," says Luke Fannin, first author of the paper and a PhD candidate in the Ecology, Evolution, Environment and Society program in the Guarini School of Graduate and Advanced Studies.

"If you're spending all that time in trees as a juvenile, you need confidence, because falling from a tree can be devastating and possibly fatal for a large ape or hominin," he says. "We see in modern nonhuman primates that juveniles test the limits of what they can and can't do, what the risks are, and how to respond. That leads to the climbing skills we see in adults."

The Dartmouth researchers cite a 2014 study reporting that infant and juvenile chimpanzees spend 15% and 27% more time, respectively, climbing and swinging than adults, which enhances their dexterity, skill, and awareness of their own mass. Though lacking the dexterity of other primates, modern humans are still competent climbers, Fannin says. People in hunter-gatherer cultures have been known to climb as high as 150 feet into trees to collect food.

"The past and the present point to children gaining physical and experiential skills by exploring their boundaries through play," Fannin says. "Our physiology as children is still conducive to climbing, running, and jumping, as well as more easily recovering from injuries and short-distance falls."

"It's rare to see anthropology intersect so much with our daily lives," Fannin says. "People don't think about our ancestors very much, but play is a way that the past is reflected in the present."

Nathaniel Dominy, the Charles Hansen Professor of Anthropology and study co-author, says that Sebastian "Ted" Hinton, the Chicago lawyer who patented the jungle gym and monkey bars in 1923 and 1924, also saw that reflection.




In one of his patents, Hinton wrote that children have a "monkey instinct" to climb as a form of play and exercise. Hinton lived during a fervor for the outdoors in the early 20th century that led to the establishment of the National Park Service, the plotting of the Appalachian Trail, and the creation of Scouting.

But Hinton saw climbing as a vestige of our simian lineage before that link was formally established, Dominy says. The remains of the Taung Child, a 2.8-million-year-old Australopithecus africanus that provided the first physical link between modern humans and ape-like ancestors, weren't reported until 1925.

"Hinton was at the forefront of this cultural moment that embraced nature as essential to fitness, but it focused on bipedalism. Hinton described climbing as a product and necessity for childhood growth and development before we had the evidence for it," Dominy says.

"One hundred years later, jungle gyms and monkey bars are still very much part of the conversation around childhood play. But the voice of anthropologists is nowhere in this debate, and that's what we wanted to change," Dominy says. "Our work shows how evolutionary theory has the potential to inform research and practice in the public health domain."

Studies of hospital admissions show that jungle gyms and monkey bars result in more childhood fractures and hospital visits than any other playground equipment, the researchers report. But the risk of children being injured on a playground is relatively low.

The Dartmouth team cites a 2003 study that calculated the risk of playground injury at no more than 0.59 in 100,000, which is far less than injuries sustained through organized sports or even gym class. Another study found that 95% of children with playground injuries were treated and released between 2001-2013.

"Free play lets kids modulate activities to match their physical abilities and personal confidence," Fannin says. "The rules and guidelines of free play develop on much longer timescales than supervised and organized sports where adults set the rules and expectations. Kids getting injured in organized sports has a lot to do with the social context in which they occur."

But jungle gyms and monkey bars remain targets of efforts to make playgrounds safer, the researchers report. New York City removed them from most of their 862 public playgrounds in the 1980s and 1990s. While seven states have adopted the U.S. Consumer Product Safety Commission's safety guidelines for monkey bars into law, enforcement is difficult, the Dartmouth team found. Municipalities find it easier to just remove the structures.

"We share the concerns of parents, school administrators, and policymakers in wanting to make sure our kids are safe. However, we also must consider the long-term benefits of engaging in this type of play," Thayer says. "Risky play in which children challenge themselves is a normal part of our development, as it was for our ancestors."
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Astronomers track bubbles on star's surface | ScienceDaily
For the first time, astronomers have captured images of a star other than the Sun in enough detail to track the motion of bubbling gas on its surface. The images of the star, R Doradus, were obtained with the Atacama Large Millimeter/submillimeter Array (ALMA), a telescope co-owned by the European Southern Observatory (ESO), in July and August 2023. They show giant, hot bubbles of gas, 75 times the size of the Sun, appearing on the surface and sinking back into the star's interior faster than expected.


						
"This is the first time the bubbling surface of a real star can be shown in such a way,"* says Wouter Vlemmings, a professor at Chalmers University of Technology, Sweden, and lead author of the study published today in Nature. "We had never expected the data to be of such high quality that we could see so many details of the convection on the stellar surface."

Stars produce energy in their cores through nuclear fusion. This energy can be carried out towards the star's surface in huge, hot bubbles of gas, which then cool down and sink -- like a lava lamp. This mixing motion, known as convection, distributes the heavy elements formed in the core, such as carbon and nitrogen, throughout the star. It is also thought to be responsible for the stellar winds that carry these elements out into the cosmos to build new stars and planets.

Convection motions had never been tracked in detail in stars other than the Sun, until now. By using ALMA, the team were able to obtain high-resolution images of the surface of R Doradus over the course of a month. R Doradus is a red giant star, with a diameter roughly 350 times that of the Sun, located about 180 light-years away from Earth in the constellation Dorado. Its large size and proximity to Earth make it an ideal target for detailed observations. Furthermore, its mass is similar to that of the Sun, meaning R Doradus is likely fairly similar to how our Sun will look like in five billion years, once it becomes a red giant.

"Convection creates the beautiful granular structure seen on the surface of our Sun, but it is hard to see on other stars," adds Theo Khouri, a researcher at Chalmers who is a co-author of the study. "With ALMA, we have now been able to not only directly see convective granules -- with a size 75 times the size of our Sun! -- but also measure how fast they move for the first time."

The granules of R Doradus appear to move on a one-month cycle, which is faster than scientists expected based on how convection works in the Sun. "We don't yet know what is the reason for the difference. It seems that convection changes as a star gets older in ways that we don't yet understand," says Vlemmings. Observations like those now made of R Doradus are helping us to understand how stars like the Sun behave, even when they grow as cool, big and bubbly as R Doradus is.

"It is spectacular that we can now directly image the details on the surface of stars so far away, and observe physics that until now was mostly only observable in our Sun," concludes Behzad Bojnodi Arbab, a PhD student at Chalmers who was also involved in the study.

Notes

*Convection bubbles have been previously observed in detail on the surface of stars, including with the PIONIER instrument on ESO's Very Large Telescope Interferometer. But the new ALMA observations track the motion of the bubbles in a way that was not possible before.
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Brain-wide decision-making dynamics discovered | ScienceDaily
Neuroscientists have revealed how sensory input is transformed into motor action across multiple brain regions in mice. The research, conducted at the Sainsbury Wellcome Centre at UCL, shows that decision-making is a global process across the brain that is coordinated by learning. The findings could aid artificial intelligence research by providing insights into how to design more distributed neural networks.


						
"This work unifies concepts previously described for individual brain areas into a coherent view that maps onto brain-wide neural dynamics. We now have a complete picture of what is happening in the brain as sensory input is transformed through a decision process into an action," explained Professor Tom Mrsic-Flogel, Director of the Sainsbury Wellcome Centre at UCL and corresponding author on the paper.

The study, published today in Nature, outlines how the researchers used Neuropixels probes, a state-of-the-art technology enabling simultaneous recordings across hundreds of neurons in multiple brain regions, to study mice taking part in a decision-making task. The task, developed by Dr Ivana Orsolic at SWC, allowed the team to distinguish between sensory processing and motor control. The researchers also revealed the contribution of learning through studying animals trained in the task and comparing them to naive animals.

"We often make decisions based on ambiguous evidence. For example, when it starts to rain, you have to decide how high frequency the raindrops need to be before you open your umbrella. We studied this same ambiguous evidence integration in mice to understand how the brain processes perceptual decisions," explained Dr Michael Lohse, Sir Henry Wellcome Postdoctoral Fellow at SWC and joint first author on the paper.

Mice were trained to stand still while they watched a visual pattern moving on a screen. To receive a reward, the mice had to lick a spout when they detected a sustained increase in the speed of movement of the visual pattern. The task was designed so that the speed of the movement was never constant, instead it continuously fluctuated. The timing of the increase in the average speed also changed from trial to trial so that the mice could not simply remember when the sustained increase occurred. Thus, the mice had to constantly pay attention to the stimulus and integrate information to work out whether the increase in the speed had happened.

"By training the mice to stand still, the data analysis we could perform was much cleaner and the task allowed us to look at how neurons track random fluctuations in speed before the mice made an action. In trained mice, we found that there is no single brain region that integrates sensory evidence or orchestrates the process. Instead, we found neurons that are sparsely but broadly distributed across the brain link sensory evidence and action initiation," explained Dr Andrei Khilkevich, Senior Research Fellow in the Mrsic-Flogel lab and joint first author on the paper.

The researchers recorded from each mouse multiple times and collected data from over 15,000 cells across 52 brain regions in 15 trained mice. To look at learning, the team also compared the results to recordings from naive mice.




"We found that when mice don't know what the visual stimulus means, they only represent the information in the visual system in the brain and a few midbrain regions. After they have learned the task, cells integrate the evidence all over the brain," explained Dr Lohse.

In this study, the team only looked at naive animals and those that had fully learned the task, but in future work they hope to uncover how the learning process occurs by tracking neurons over time to see how they change as mice begin to understand the task. The researchers are also looking to explore whether specific areas in the brain act as causal hubs in establishing these links between sensations and actions.

A number of additional questions raised by the study include how the brain incorporates an expectation of when the speed of visual pattern will increase such that animals only react to the stimulus when the information is relevant. The team plan to study these questions further using the dataset they have collected.

This study was funded by Wellcome awards (217211/Z/19/Z and 224121/Z/21/Z) and by the Sainsbury Wellcome Centre's Core Grant from the Gatsby Charitable Foundation (GAT3755) and Wellcome (219627/Z/19/Z).
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Atypical metabolite levels at birth may increase SIDS risk | ScienceDaily


						Newborns who had an atypical pattern of metabolites were more than 14 times as likely to die of sudden infant death syndrome (SIDS), compared to infants who had more typical metabolic patterns, according to a study funded in part by the National Institutes of Health. Metabolites are molecules produced by the body's various chemical reactions. Researchers found that infants who died of SIDS had a specific pattern of metabolites compared to infants who lived to their first year. The researchers believe that checking for this pattern could provide a way to identify infants at risk for SIDS. The study was conducted by Scott Oltman, M.S., of the University of California San Francisco School of Medicine, and colleagues. It appears in JAMA Pediatrics.


						
SIDS is the sudden, unexplained death of an infant younger than 1 year of age that remains unexplained after a complete investigation. From more than 2 million infants born in California, researchers compared newborn screening test results of 354 SIDS cases to those of 1,416 infants who survived to at least one year old. The state screens all its newborns for many serious disorders. Test results include checking for metabolites that are markers for disorders and conditions. In the study, infants identified with the highest risk metabolic profile involving eight metabolites were 14.4 times more likely to have SIDS than infants with the lowest risk metabolic profile.

The authors say that testing for metabolic patterns may provide a way to identify infants at risk for SIDS soon after birth, which could inform efforts to reduce SIDS risk. Similarly, research on the biochemical pathways that produce the metabolites linked to SIDS may yield insights into the causes of SIDS and ways to reduce its risk. NIH funding for the study was provided by the Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD).
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Researchers combine the power of AI and the connectome to predict brain cell activity | ScienceDaily
With maps of the connections between neurons and artificial intelligence methods, researchers can now do what they never thought possible: predict the activity of individual neurons without making a single measurement in a living brain.


						
For decades, neuroscientists have spent countless hours in the lab painstakingly measuring the activity of neurons in living animals to tease out how the brain enables behavior. These experiments have yielded groundbreaking insights into how the brain works, but they have only scratched the surface, leaving much of the brain unexplored.

Now, researchers are using artificial intelligence and the connectome -- a map of neurons and their connections created from brain tissue -- to predict the role of neurons in the living brain. Using only information about the connectivity of a neural circuit gleaned from the fruit fly visual system connectome and a guess at what the circuit is supposed to do, researchers created an AI simulation of the fruit fly visual system that can predict the activity of every neuron in the circuit.

"We now have a computational method for turning measurements of the connectome into predictions of neural activity and brain function, without first starting with difficult-to-acquire measurements of neural activity for every neuron," says Janelia Group Leader Srini Turaga, a senior author on the new research.

The team of scientists from HHMI's Janelia Research Campus and the University of Tubingen used the connectome to build a detailed deep mechanistic network simulation of the fly visual system, where each neuron and synapse in the model corresponds to a real neuron and synapse in the brain. Although they didn't know the dynamics of every neuron and synapse, data from the connectome allowed the team to use deep learning methods to infer these unknown parameters. They combined this information with knowledge about the circuit's goal: motion detection.

"At that point, everything fell into place, and we could finally figure out if this connectome-constrained model gives us a good model of the brain," says Janne Lappalainen, a PhD student at the University of Tubingen who led the research.

The new model predicts the neural activity produced by 64 neuron types in the fruit fly visual system in response to visual input and accurately reproduces more than two dozen experimental studies performed over the past two decades.




By enabling researchers to predict the activity of individual neurons using only the connectome, the new work has the potential to transform how neuroscientists generate and test hypotheses about how the brain works. In principle, scientists can now use the model to simulate any experiment and generate detailed predictions that can be tested in the lab.

The new research provides more than 450 pages of predictions gleaned from the new model, including identification of cells not known to be involved in motion detection previously, which can now be examined in living flies.

The group's work provides a strategy for turning the wealth of connectome data being generated by Janelia and other research institutions into advanced understanding of the living brain, according to the researchers.

"There is a big gap between the static snapshot of the connectome and the dynamics of real-life computation in the living brain, and the question was, can we bridge that gap in a model? This paper, for the specific example of the fruit fly, shows a strategy for bridging that gap," says Jakob Macke, a senior author on the paper and a professor at the University of Tubingen.
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Like father, like daughter | ScienceDaily
When they become fathers, men who have an unhealthy, high-cholesterol diet can cause increased risk of cardiovascular disease, or CVD, in their daughters, a University of California, Riverside-led mouse study has found.


						
The research, published in the journal JCI Insight, is the first to demonstrate this result seen only in female offspring.

CVD, the leading cause of death globally, is a group of disorders that affects the heart and blood vessels. Hypertension (high blood pressure) is a leading risk factor for CVD. In the United States, nearly 703,000 people died in 2022 from heart disease, the equivalent of one in every five deaths.

"It had been previously thought that sperm contribute only their genome during fertilization," said Changcheng Zhou, a professor of biomedical sciences in the School of Medicine and the study's lead author. "However, recent studies by us and others have demonstrated that environmental exposures, including unhealthy diet, environmental toxicants, and stress, can alter the RNA in sperm to mediate intergenerational inheritance."

Ribonucleic acid, or RNA, is present in all living cells. Bearing structural similarities to DNA, this nucleic acid is essential for most biological functions in living organisms and viruses.

"Men who plan to have children should consider eating a healthy, low-cholesterol diet and reducing their own CVD risk factors," Zhou said. "These factors appear to affect their sperm in influencing the health of their female offspring. Our study suggests the sperm passes this information to the next generation."

The study focused on atherosclerosis, a chronic inflammatory disease that is the leading cause of CVD. In atherosclerosis, plaque, a sticky substance made up of cholesterol, fat, and other substances in the blood, builds up in the walls of arteries. When the plaque hardens, it narrows the arteries, limiting blood flow to the body and reducing the supply of oxygen to tissues of vital organs.




Sperm contains an abundance of small non-coding RNA molecules, which are important for gene regulation and many cellular processes. When they are modified, their functions change significantly across various biological processes. The researchers found that the small RNA molecules in sperm of mice fed a high-cholesterol diet undergo alterations in response to exposure to the diet. They also found that the altered small RNA molecules can affect early gene expression in mouse embryonic stem cells.

Zhou explained that most studies have focused on the effects of maternal factors on offspring health. The impact of paternal exposures on offspring health has been largely overlooked, he said.

"It is challenging to study the impact of parental exposures on chronic disease development in their offspring because the experiments, in general, are time consuming and require more resources and careful planning," he said.

The researchers are not clear why only female offspring are affected with CVD. In their experiments, Zhou and his team fed male genetically engineered mice a high-cholesterol diet, which caused them to have hyperlipidemia, a disorder that, if left untreated, can lead to heart disease and stroke. These mice were then mated with female mice that were fed a regular, low-cholesterol diet. Their litter was also fed a low-cholesterol diet. The female offspring were found to have 2-3-fold increases in atherosclerosis.

"Our study contributes to understanding the etiology of chronic diseases originating from parental exposures," Zhou said. "We hope our findings stimulate investigations of the impact of paternal exposures on offspring cardiovascular health in humans."

Zhou was joined in the study by Rebecca Hernandez, Xiuchun Li, Junchao Shi, and Tejasvi R. Dave of UCR; Tong Zhou of the University of Nevada, Reno; and Qi Chen of the University of Utah, Salt Lake City.

The study was supported by grants to Zhou from the National Institutes of Health, or NIH. Hernandez was supported by an American Heart Association predoctoral fellowship. Dave was supported by a UCR mini grant for undergraduate research and creative activities.

To study sperm small RNA, the researchers used the PANDORA-seq method developed at UCR.
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Methane emissions are rising faster than ever | ScienceDaily
The world has not hit the brakes on methane emissions, a powerful driver of climate change. More than 150 nations have pledged to slash by 30% this decade under a global methane pledge, but new research shows global methane emissions over the past five years have risen faster than ever.


						
The trend "cannot continue if we are to maintain a habitable climate," the researchers write in a Sept. 10 perspective article in Environmental Research Letters published alongside data in Earth System Science Data. Both papers are the work of the Global Carbon Project, an initiative chaired by Stanford University scientist Rob Jackson that tracks greenhouse gas emissions worldwide.

Atmospheric concentrations of methane are now more than 2.6 times higher than in pre-industrial times -- the highest they've been in at least 800,000 years. Methane emission rates continue to rise along the most extreme trajectory used in emission scenarios by the world's leading climate scientists.

The current path leads to global warming above 3 degrees Celsius or 5 degrees Fahrenheit by the end of this century. "Right now, the goals of the Global Methane Pledge seem as distant as a desert oasis," said Jackson, who is the Michelle and Kevin Douglas Provostial Professor in the Stanford Doerr School of Sustainability and lead author of the Environmental Research Letters paper. "We all hope they aren't a mirage."

More methane from fossil fuels, agriculture, and waste

Methane is a short-lived but highly potent greenhouse gas that comes from natural sources like wetlands and human or "anthropogenic" sources such as agriculture, fossil fuels, and landfills. During the first 20 years after release, methane heats the atmosphere nearly 90 times faster than carbon dioxide, making it a key target for limiting global warming in the near term.

Despite growing policy focus on methane, however, total annual methane emissions have increased by 61 million tons or 20% over the past two decades, according to the new estimates. Increases are being driven primarily by growth of emissions from coal mining, oil and gas production and use, cattle and sheep ranching, and decomposing food and organic waste in landfills.




"Only the European Union and possibly Australia appear to have decreased methane emissions from human activities over the past two decades," said Marielle Saunois of the Universite Paris-Saclay in France and lead author of the Earth System Science Data paper. "The largest regional increases have come from China and southeast Asia."

In 2020, the most recent year for which complete data are available, nearly 400 million tons or 65% of global methane emissions came directly from human activities, with agriculture and waste contributing about two tons of methane for every ton from the fossil fuel industry. According to the researchers, human-caused emissions continued to increase through at least 2023.

Assessing pandemic impacts

Our atmosphere accumulated nearly 42 million tons of methane in 2020 -- twice the amount added on average each year during the 2010s, and more than six times the increase seen during the first decade of the 2000s.

Pandemic lockdowns in 2020 reduced transport-related emissions of nitrogen oxides (NOx), which typically worsen local air quality but prevent some methane from accumulating in the atmosphere. The temporary decline in NOx pollution accounts for about half of the increase in atmospheric methane concentrations that year -- illustrating the complex entanglements of air quality and climate change.

"We're still trying to understand the full effects of COVID lockdowns on the global methane budget," said Jackson. "COVID changed nearly everything -- from fossil fuel use to emissions of other gases that alter the lifetime of methane in the atmosphere."

Quantifying humans' influence on methane from wetlands and waterways




The Global Carbon Project scientists have made an important change in their latest accounting of global methane sources and "sinks," which include forests and soils that remove and store methane from the atmosphere.

In previous assessments, they categorized all methane from wetlands, lakes, ponds, and rivers as natural. But the new methane budget makes a first attempt to estimate the growing amount of emissions from these types of sources that result from human influences and activities.

For instance, reservoirs built by people lead to an estimated 30 million tons of methane emitted per year, because newly submerged organic matter releases methane as it decomposes. "Emissions from reservoirs behind dams are as much a direct human source as methane emissions from a cow or an oil and gas field," said Jackson, who published a new book about methane and climate solutions titled Into the Clear Blue Sky: The Path to Restoring Our Atmosphere (Scribner) in July.

The scientists estimate that about a third of wetland and freshwater methane emissions in recent years were influenced by human-caused factors including reservoirs and emissions increased by fertilizer runoff, wastewater, land use, and rising temperatures.

After a summer when severe weather and heat waves have given a glimpse of the extremes predicted in our changing climate, the authors write, "The world has reached the threshold of 1.5C increases in global average surface temperature, and is only beginning to experience the full consequences."
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Strongest battery paves way for light, energy-efficient vehicles | ScienceDaily
When cars, planes, ships or computers are built from a material that functions as both a battery and a load-bearing structure, the weight and energy consumption are radically reduced. A research group at Chalmers University of Technology in Sweden is now presenting a major advance in so-called massless energy storage -- a structural battery that could halve the weight of a laptop, make the mobile phone as thin as a credit card or increase the driving range of an electric car by up to 70 percent on a single charge.


						
"We have succeeded in creating a battery made of carbon fibre composite that is as stiff as aluminium and energy-dense enough to be used commercially. Just like a human skeleton, the battery has several functions at the same time," says Chalmers researcher Richa Chaudhary, who is the first author of a scientific article recently published in Advanced Materials.

Research on structural batteries has been going on for many years at Chalmers, and in some stages also together with researchers at the KTH Royal Institute of Technology in Stockholm, Sweden. When Professor Leif Asp and colleagues published their first results in 2018 on how stiff, strong carbon fibres could store electrical energy chemically, the advance attracted massive attention.

Lower weight requires less energy

Since then, the research group has further developed its concept to increase both stiffness and energy density. The previous milestone was reached in 2021 when the battery had an energy density of 24 watt-hours per kilogramme (Wh/kg), which means roughly 20 percent capacity of a comparable lithium-ion battery. Now it's up to 30 Wh/kg. While this is still lower than today's batteries, the conditions are quite different. When the battery is part of the construction and can also be made of a lightweight material, the overall weight of the vehicle is greatly reduced. Then not nearly as much energy is required to run an electric car, for example.

"Investing in light and energy-efficient vehicles is a matter of course if we are to economise on energy and think about future generations. We have made calculations on electric cars that show that they could drive for up to 70 percent longer than today if they had competitive structural batteries," says research leader Leif Asp, who is a professor at the Department of Industrial and Materials Science at Chalmers.

When it comes to vehicles, of course, there are high demands on the design to be sufficiently strong to meet safety requirements. There, the research team's structural battery cell has significantly increased its stiffness, or more specifically, the elastic modulus, which is measured in gigapascal (GPa), from 25 to 70. This means that the material can carry loads just as well as aluminium, but with a lower weight.




"In terms of multifunctional properties, the new battery is twice as good as its predecessor -- and actually the best ever made in the world," says Leif Asp, who has been researching structural batteries since 2007.

Several steps towards commercialisation

From the start, the goal was to achieve a performance that makes it possible to commercialise the technology. In parallel with the fact that the research is now continuing, the link to the market has been strengthened -- through the newly started Chalmers Venture company Sinonus AB, based in Boras, Sweden.

However, there is still a lot of engineering work to be done before the battery cells have taken the step from lab manufacturing on a small scale to being produced on a large scale for our technology gadgets or vehicles.

"One can imagine that credit card-thin mobile phones or laptops that weigh half as much as today, are the closest in time. It could also be that components such as electronics in cars or planes are powered by structural batteries. It will require large investments to meet the transport industry's challenging energy needs, but this is also where the technology could make the most difference," says Leif Asp, who has noticed a great deal of interest from the automotive and aerospace industries.

More about: Research and structural batteries

Structural batteries are materials that, in addition to storing energy, can carry loads. In this way, the battery material can become part of the actual construction material of a product, which means that much lower weight can be achieved on, for example, electric cars, drones, handheld tools, laptops and mobile phones.




The latest advances in this area have been published in the journal Advanced Materials. The authors are Richa Chaudhary, Johanna Xu, Zhenyuan Xia and Leif Asp at Chalmers University of Technology.

The developed battery concept is based on a composite material and has carbon fibre as both the positive and negative electrodes -- where the positive electrode is coated with lithium iron phosphate. When the previous battery concept was presented, the core of the positive electrode was made of an aluminium foil.

The carbon fibre used in the electrode material is multifunctional. In the anode it acts as a reinforcement, as well as an electrical collector and active material. In the cathode it acts as a reinforcement, current collector, and as a scaffolding for the lithium to build on. Since the carbon fibre conducts the electron current, the need for current collectors made of copper or aluminium (for example), is reduced, which reduces the overall weight even further. Nor are any so-called conflict metals such as cobalt or manganese required in the chosen electrode design.

In the battery, the lithium ions are transported between the battery terminals through a semi-solid electrolyte, instead of a liquid one, which is challenging when it comes to getting high power and for this more research is needed. At the same time, the design contributes to increased safety in the battery cell, through reduced risk of fire.

The research has been funded by the Wallenberg Initiative Materials Science for Sustainability (WISE) programme.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240910121001.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New AI can ID brain patterns related to specific behavior | ScienceDaily
Maryam Shanechi, the Sawchuk Chair in Electrical and Computer Engineering and founding director of the USC Center for Neurotechnology, and her team have developed a new AI algorithm that can separate brain patterns related to a particular behavior. This work, which can improve brain-computer interfaces and discover new brain patterns, has been published in the journal Nature Neuroscience.


						
As you are reading this story, your brain is involved in multiple behaviors.

Perhaps you are moving your arm to grab a cup of coffee, while reading the article out loud for your colleague, and feeling a bit hungry. All these different behaviors, such as arm movements, speech and different internal states such as hunger, are simultaneously encoded in your brain. This simultaneous encoding gives rise to very complex and mixed-up patterns in the brain's electrical activity. Thus, a major challenge is to dissociate those brain patterns that encode a particular behavior, such as arm movement, from all other brain patterns.

For example, this dissociation is key for developing brain-computer interfaces that aim to restore movement in paralyzed patients. When thinking about making a movement, these patients cannot communicate their thoughts to their muscles. To restore function in these patients, brain-computer interfaces decode the planned movement directly from their brain activity and translate that to moving an external device, such as a robotic arm or computer cursor.

Shanechi and her former Ph.D. student, Omid Sani, who is now a research associate in her lab, developed a new AI algorithm that addresses this challenge. The algorithm is named DPAD, for "Dissociative Prioritized Analysis of Dynamics."

"Our AI algorithm, named DPAD, dissociates those brain patterns that encode a particular behavior of interest such as arm movement from all the other brain patterns that are happening at the same time," Shanechi said. "This allows us to decode movements from brain activity more accurately than prior methods, which can enhance brain-computer interfaces. Further, our method can also discover new patterns in the brain that may otherwise be missed."

"A key element in the AI algorithm is to first look for brain patterns that are related to the behavior of interest and learn these patterns with priority during training of a deep neural network," Sani added. "After doing so, the algorithm can later learn all remaining patterns so that they do not mask or confound the behavior-related patterns. Moreover, the use of neural networks gives ample flexibility in terms of the types of brain patterns that the algorithm can describe."

In addition to movement, this algorithm has the flexibility to potentially be used in the future to decode mental states such as pain or depressed mood. Doing so may help better treat mental health conditions by tracking a patient's symptom states as feedback to precisely tailor their therapies to their needs.

"We are very excited to develop and demonstrate extensions of our method that can track symptom states in mental health conditions," Shanechi said. "Doing so could lead to brain-computer interfaces not only for movement disorders and paralysis, but also for mental health conditions."
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Giant fanged frog went unrecognized in Philippines because it was nearly identical to even larger species | ScienceDaily
Researchers from the University of Kansas have published findings in the journal Ichthyology & Herpetology describing a new species of fanged frog, named Limnonectes cassiopeia, from the Philippine island of Luzon.


						
Surprisingly, specimens of the new species have been collected a dozen times over the last 20 years, but all were mistakenly thought to be the juvenile version of the well-known, nearly identical (but not too closely related, it turns out) Luzon Giant Fanged Frog.

"They're called that because the males of some species have large, bony protuberances, like fangs, in their lower jaw -- it's pretty unique," said lead author Mark Herr, doctoral student at KU's Biodiversity Institute and Natural History Museum. "It's still a bit of a mystery, but it's become generally assumed that these fangs are used for male-to-male combat. The males' fangs are much larger than the females. These males have big heads, and a lot of these frogs can be huge -- some as large as chickens elsewhere in Southeast Asia."

At first, Herr identified Limnonectes cassiopeia while conducting a larger genetic survey of all Philippine fanged frogs, which includes a little over a dozen known species.

"I sequenced many of them to establish a good genetic dataset, allowing me to examine their patterns of relatedness," Herr said. "Many species were originally described, over the last century and a half, based solely on their physical appearance -- before modern genetic analysis was available. In Luzon, there were two known species of fanged frogs: Limnonectes macrocephalus, the large one, and a medium-sized one called Limnonectes woodworthi. However, I discovered a different group next to macrocephalus that appeared in the genetic data as a distinct branch."

Finding this third, previously unknown species in the fanged frog genetic data prompted Herr to begin physical scrutiny of museum specimens, bolstered and guided by the attention-grabbing genetics. He hoped to see if he could tell any part of their morphology apart from the Luzon Giant Fanged Frog, because the genetic analysis suggested they'd evolved rather independently.

Luckily, extensive work in the Philippines by Herr's KU faculty mentor Rafe Brown and previous generations of KU researchers meant there was an abundance of specimens at the KU Biodiversity Institute and Natural History Museum. Brown served as a co-author on the new paper along with KU master's student Hannah Som.




"I verified my genetic work to ensure there were no mistakes, and there were none," Herr said. "This led me to examine all the Limnonectes specimens from Luzon at the museum. We have hundreds of these frogs, and I carefully compared the 19 that had appeared in the new genetic cluster to those from the main cluster."

In straining to distinguish between physical traits of the two species, Herr said it was made easy to understand how they could be confused as the same species.

"I'm a herpetologist, I spend a lot of time looking at frogs -- I looked at these things for a couple of weeks, just staring at them, trying to see if I could see something, and I couldn't," Herr said. "I couldn't see any major difference. It's not like one group is conspicuously colored, or visibly striped and the other isn't."

Herr began detailed measurements of the fanged frog specimens.

"We have a bunch of standardized measurements that are designed to find differences between populations -- to see if differences reflect patterns of speciation," Herr said. "I ran comparisons among the populations, began to suspect they might represent different species, and then I delved further, with detailed comparisons of different characters against each other."

Finally, Herr arrived at his "big breakthrough" when he discovered the genetically distinct species all had smaller toe discs -- and they were white.




"The discs are important," Herr said. "Statistically, in comparison to their body size, they may have smaller toe pads. So, I took all the genetically identified specimens back out again and found the key character -- a simple physical trait that anyone can assess in the wild. If they catch one of these frogs, they can flip it over and tell right away. Not only are the toe pads smaller, but they're white. They're pale, completely unpigmented, which sets them apart from the primary species, Limnonectes macrocephalus, which has dark gray pigmented toe pads."

Herr said the unnoticed detail is even more remarkable because the frogs' home island is more densely populated than Great Britain.

"People from Luzon have been catching these frogs -- the whole group -- for 100-plus years," he said, adding they are part of the diet of several indigenous groups. "They have these white discs. ... but I thought: Who would look at that? Who would think about it? Because we have these genetic resources, I now know there's something different about these frogs. I knew I should go see if that's real. The frogs are genetically divergent; so, I thought, let's see if this single trait corresponds to a major difference in their overall physical makeup, their size and shape  -- the way the frogs appear in physical space."

Indeed, Herr was reminded of the five-star constellation Cassiopeia by the new species' five white toepads, naming the new species Limnonectes cassiopeia.

Another major difference became apparent to Herr in time -- the new Limnonectes cassiopeia species developed its characteristic big head earlier in its development, from juvenile to adult, than Limnonectes macrocephalus.

"Obviously, the giant macrocephalus frogs overlap in size because they all start out really tiny, and you wouldn't be able to tell," he said. "You'd just think these are all juvenile macrocephalus -- that's what everyone who had caught one had thought for the last 25 years. But I did some measurements to determine that once the males start to reach sexual maturity, they get these big, wider heads and develop huge fangs. Sometimes, when we consider their use of fangs for combat, we see some big male Limnonectes with scars on their heads, presumably injuries from fighting. And my analysis showed that the big heads start to show up on this new genetic cluster at an overall body smaller size."

Now that the new species has been recognized, Herr hopes to learn more about its behavior in the wild and how it differs from Limnonectes macrocephalus.

"Now that we know they're different, we can go out and watch them and study their natural history and detail. Maybe they're doing something totally different in the wild, you know?" he said. "That's exciting for me."
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Formation of super-Earths is limited near metal-poor stars | ScienceDaily
In a new study, astronomers report novel evidence regarding the limits of planet formation, finding that after a certain point, planets larger than Earth have difficulty forming near low-metallicity stars.


						
Using the sun as a baseline, astronomers can measure when a star formed by determining its metallicity, or the level of heavy elements present within it. Metal-rich stars or nebulas formed relatively recently, while metal-poor objects were likely present during the early universe.

Previous studies found a weak connection between metallicity rates and planet formation, noting that as a star's metallicity goes down, so, too, does planet formation for certain planet populations, like sub-Saturns or sub-Neptunes.

Yet this work is the first to observe that under current theories, the formation of super-Earths near metal-poor stars becomes significantly more difficult, suggesting a strict cut-off for the conditions needed for one to form, said lead author Kiersten Boley, who recently received a PhD in astronomy at The Ohio State University.

"When stars cycle through life, they enrich the surrounding space until you have enough metals or iron to form planets," said Boley. "But even for stars with lower metallicities, it was widely thought that the number of planets it could form would never reach zero."

Other studies posited that planet formation in the Milky Way should begin when stars fall between negative 2.5 to negative 0.5 metallicity, but until now, that theory was left unproven.

To test this prediction, the team developed and then searched a catalog of 10,000 of the most metal-poor stars observed by NASA's Transiting Exoplanet Survey Satellite (TESS) mission. If correct, extrapolating known trends to search for small, short-period planets around one region of 85,000 metal-poor stars would have led them to discover about 68 super-Earths.




Surprisingly, researchers in this work detected none, said Boley. "We essentially found a cliff where we expected to see a slow or a gradual slope that keeps going," she said. "The expected occurrence rates do not match up at all."

The study was published in The Astronomical Journal.

This cliff, which provides scientists with a time frame during which metallicity was too low for planets to form, extends to about half the age of the universe, meaning that super-Earths did not form early in its history. "Seven billion years ago is probably the sweet spot where we begin to see a decent bit of super-Earth formation," Boley said.

Moreover, as the majority of stars formed before that era have low metallicities and would have needed to wait until the Milky Way had been enriched by generations of dying stars to create the right conditions for planet formation, the results successfully propose an upper limit on the number and distribution of small planets in our galaxy.

"In a similar stellar type as our sample, we now know not to expect planet formation to be abundant once you pass a negative 0.5 metallicity region," said Boley. "That's kind of striking because we actually have data to show that now."

What's also striking is the study's implications for those searching for life beyond Earth, as having a more precise grasp on the intricacies of planet formation can supply scientists with detailed knowledge about where in the universe life might have flourished.




"You don't want to search areas where life wouldn't be conducive or in areas where you don't even think you're going to find a planet," Boley said. "There's just a plethora of questions that you can ask if you know these things."

Such inquiries could include determining if these exoplanets hold water, the size of their core, and if they've developed a strong magnetic field, all conditions conducive for generating life.

To apply their work to other types of planet formation processes, the team will likely need to study different types of super-Earths for longer periods than they can today. Fortunately, future observations could be attained with the help of upcoming projects like NASA's Nancy Grace Roman Space Telescope and the European Space Agency's PLATO mission, both of which will widen the search for terrestrial planets in habitable zones like our own.

"Those instruments will be really vital in terms of figuring out how many planets are out there and getting as many follow-up observations as we can," said Boley.

Other co-authors include Ji Wang from Ohio State; Jessie Christiansen, Philip Hopkins and Jon Zink from The California Institute of Technology; Kevin Hardegree-Ullman and Galen Bergsten from The University of Arizona; Eve Lee from McGill University; Rachel Fernandes from The Pennsylvania State University; and Sakhee Bhure from the University of Southern Queensland. This study was supported by the National Science Foundation and NASA.
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New research sinks an old theory for the doldrums, a low-wind equatorial region that stranded sailors for centuries | ScienceDaily
During the Age of Sail, sailors riding the trade winds past the equator dreaded becoming stranded in the doldrums, a meteorologically distinct region in the deep tropics. For at least a century, scientists have thought that the doldrums' lack of wind was caused by converging and rising air masses. Now, new research suggests that the opposite may be true.


						
"The idea of what causes the doldrums came from a time where we didn't know a lot about how air actually moves in the tropics," said Julia Windmiller, an atmospheric scientist at the Max Planck Institute for Meteorology and the study's author. "We have forgotten about the doldrums to such a degree that nobody has taken the trouble of thinking through this original argument again."

Instead, Windmiller proposes that low wind speeds throughout the doldrums are created by large areas of sinking air that diverge at the surface, creating clear and windless days. Her explanation challenges the conventional explanation for the tropical, oceanic phenomenon that has stranded sailors, inspired poets and largely slipped out of scientific literature.

Traditionally, areas of low to no wind around the equator have been explained by converging and rising air masses. And while those air masses do create low-pressure, slow-wind areas at the surface, that idea can only explain the doldrums' extended regions of low winds when many areas of convergence are averaged together over days or weeks. On the shorter timescales, converging air masses do not cover enough area to create large windless regions that can last for days -- the doldrums.

The research was published in Geophysical Research Letters, an open-access AGU journal that publishes high-impact, short-format reports with immediate implications spanning all Earth and space sciences.

Deciphering the doldrums

The doldrums, also known as the Intertropical Convergence Zone, was named by early 19th century sailors marooned at sea by bouts of little or no wind. The term, originally defined as a period of despondency or depression, has come to describe the sometimes-stormy, sometimes-calm equatorial region. The oceanic area was even referenced in Samuel Taylor Coleridge's 1834 poem, "The Rime of the Ancient Mariner":

Day after day, day after day, We stuck, nor breath nor motion; As idle as a painted ship Upon a painted ocean.




The Intertropical Convergence Zone is usually characterized as a region of converging trade winds and rising air masses near the equator. The air masses, warmed by equatorial heat, float up like balloons, form clouds and whip up storms over the equator. They then sink back down at approximately 30 degrees North and South of the equator, completing what is known as Hadley Cell circulation. This pattern of converging and rising air near the equator has traditionally been accepted as the cause for the doldrums, as pockets of low to no winds are generally created under rising air masses.

However, little modern research has focused on proving the root cause of the doldrums. The accepted explanation for the doldrums could not be completely correct, Windmiller said, unless the regions of uplifting air were averaged over time.

"There's this fascinating break in reasoning because this upward circulation of air doesn't work for short time scales and large areas of still wind," said Windmiller. "To some degree, because we've historically forgotten about the doldrums, this flaw in the logic never really came up."

Windmiller analyzed Intertropical Convergence Zone meteorological data for the Atlantic Ocean between 2001 and 2021 and buoy data ranging from 1998 to 2018 to define the edges of the Intertropical Convergence Zone and investigate low wind speed events in the region. Low wind speed events are characterized by winds blowing slower than three meters per second, or five knots, for at least six hours. Windmiller examined the data on multi-day, hourly and minute-by-minute timescales, and considered how the low wind speed events evolved over time.

She found that low wind speed events coincided with clear weather conditions, lowered air temperatures and a lack of precipitation: conditions that point to sinking air masses diverging at the surface rather than rising air masses. Windmiller also found that low wind speed events mainly happen in the inner regions of the Intertropical Convergence Zone, and that they only occur on average in about 5% of the region at any given time (but can occur as often as 21% of the time in the eastern Atlantic during the Northern Hemisphere's summer). Low wind speed locations also varied based on the season and region of the Atlantic Ocean.

"Most of the air inside the Intertropical Convergence Zone is actually going down rather than up," said Windmiller. "It's not just on average that we have low wind speeds in this region, but that we have these moments in time when the wind has just gone away over very large areas."

Her idea is supported not just by scientific evidence, but by the next verse in Coleridge's poem, which famously describes a ship's stranding in a windless, rainless region within the doldrums:




Water, water, every where, And all the boards did shrink; Water, water, every where, Nor any drop to drink.

Upending an old explanation

For years, Windmiller has queried other atmospheric scientists about the doldrums: What really causes the wind to occasionally disappear around the equator?

"They would start to explain this upward circulation of air, but as they were explaining it, they often realized it didn't actually make sense," said Windmiller. "I was always surprised. It's such a basic phenomenon, so why wouldn't we have a theory for it?"

Some questions do remain. Windmiller is not certain what causes the Intertropical Convergence Zone's large regions of sinking air. While most of the air in the tropics is slowly sinking, that effect alone may not be strong enough to cause the doldrums. Other possible causes include large convective systems that leave downdrafts in their wakes, or humidity gradients that cause local air to cool and sink, she said.

And while modern mariners are unlikely to be stranded in the doldrums thanks to diesel engines, understanding the doldrums' true cause could still have present-day impacts. New, high-resolution climate models struggle to simulate regions of low wind speeds, so better understanding the doldrums could improve model predictions of precipitation and wind patterns.

"We can no longer explain these low wind speed events in the way we've done before," said Windmiller. "I hope that this is something that people will see and read, and realize that the explanation is really upside down from what we've had."
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Artificial muscles propel a robotic leg to walk and jump | ScienceDaily
Inventors and researchers have been developing robots for almost 70 years. To date, all the machines they have built -- whether for factories or elsewhere -- have had one thing in common: they are powered by motors, a technology that is already 200 years old. Even walking robots feature arms and legs that are powered by motors, not by muscles as in humans and animals. This in part suggests why they lack the mobility and adaptability of living creatures.


						
A new muscle-powered robotic leg is not only more energy efficient than a conventional one, it can also perform high jumps and fast movements as well as detect and react to obstacles -- all without the need for complex sensors. The new leg has been developed by researchers at ETH Zurich and the Max Planck Institute for Intelligent Systems (MPI-IS) in a research partnership called Max Planck ETH Center for Learning Systems, known as CLS. The CLS team was led by Robert Katzschmann at ETH Zurich and Christoph Keplinger at MPI-IS. Their doctoral students Thomas Buchner and Toshihiko Fukushima are the co-first authors of the team's publication on an animal-inspired musculoskeletal robotic leg in Nature Communications.

Electrically charged like a balloon

As in humans and animals, an extensor and a flexor muscle ensure that the robotic leg can move in both directions. These electro-hydraulic actuators, which the researchers call HASELs, are attached to the skeleton by tendons.

The actuators are oil-filled plastic bags, similar to those used to make ice cubes. About half of each bag is coated on either side with a black electrode made of a conductive material. Buchner explains that "as soon as we apply a voltage to the electrodes, they are attracted to each other due to static electricity. Similarly, when I rub a balloon against my head, my hair sticks to the balloon due to the same static electricity." As one increases the voltage, the electrodes come closer and push the oil in the bag to one side, making the bag overall shorter.

Pairs of these actuators attached to a skeleton result in the same paired muscle movements as in living creatures: as one muscle shortens, its counterpart lengthens. The researchers use a computer code that communicates with high-voltage amplifiers to control which actuators contract, and which extend.

More efficient than electric motors

The researchers compared the energy efficiency of their robotic leg with that of a conventional robotic leg powered by an electric motor. Among other things, they analysed how much energy is unnecessarily converted into heat. "On the infrared image, it's easy to see that the motorised leg consumes much more energy if, say, it has to hold a bent position," Buchner says. The temperature in the electro-hydraulic leg, in contrast, remains the same. This is because the artificial muscle is electrostatic. "It's like the example with the balloon and the hair, where the hair stays stuck to the balloon for quite a long time," Buchner adds. "Typically, electric motor driven robots need heat management which requires additional heat sinks or fans for diffusing the heat to the air. Our system doesn't require them," Fukushima says.




Agile movement over uneven terrain

The robotic leg's ability to jump is based on its ability to lift its own weight explosively. The researchers also showed that the robotic leg has a high degree of adaptability, which is particularly important for soft robotics. Only if the musculoskeletal system has sufficient elasticity can it adapt flexibly to the terrain in question. "It's no different with living creatures. If we can't bend our knees, for example, walking on an uneven surface becomes much more difficult," Katzschmann says. "Just think of taking a step down from the pavement onto the road."

In contrast to electric motors requiring sensors to constantly tell what angle the robotic leg is at, the artificial muscle adapts to suitable position through the interaction with the environment. This is driven just by two input signals: one to bend the joint and one to extend it. Fukushima explains: "Adapting to the terrain is a key aspect. When a person lands after jumping into the air, they don't have to think in advance about whether they should bend their knees at a 90-degree or a 70-degree angle." The same principle applies to the robotic leg's musculoskeletal system: upon landing, the leg joint adaptively moves into a suitable angle depending on whether the surface is hard or soft.

Emerging technology opens up new possibilities

The research field of electrohydraulic actuators is still young, having emerged only around six years ago. "The field of robotics is making rapid progress with advanced controls and machine learning; in contrast, there has been much less progress with robotic hardware, which is equally important. This publication is a powerful reminder of how much potential for disruptive innovation comes from introducing new hardware concepts, like the use of artificial muscles," Keplinger says. Katzschmann adds that electro-hydraulic actuators are unlikely to be used in heavy machinery on construction sites, but they do offer specific advantages over standard electric motors. This is particularly evident in applications such as grippers, where the movements have to be highly customised depending on whether the object being gripped is, for example, a ball, an egg or a tomato.

Katzschmann does have one reservation: "Compared to walking robots with electric motors, our system is still limited. The leg is currently attached to a rod, jumps in circles and can't yet move freely." Future work should overcome these limitations, opening the door to developing real walking robots with artificial muscles. He further elaborates: "If we combine the robotic leg in a quadruped robot or a humanoid robot with two legs, maybe one day, when it is battery-powered, we can deploy it as a rescue robot."
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'Out-of-body' research could lead to new ways to promote social harmony | ScienceDaily
Out-of-body experiences, such as near-death experiences, can have a "transformative" effect on people's ability to experience empathy and connect with others, a scientific paper from University of Virginia School of Medicine researchers explains.


						
The fascinating work from UVA's Marina Weiler, PhD, and colleagues not only explores the complex relationship between altered states of consciousness and empathy but could lead to new ways to foster empathy during a particularly fractured time for American society -- and the world.

"Empathy is a fundamental aspect of human interaction that allows individuals to connect deeply with others, fostering trust and understanding," said Weiler, a neuroscientist with UVA's Division of Perceptual Studies. "The exploration, refinement and application of methods to enhance empathy in individuals -- whether through OBE [out-of-body experience]-related ego dissolution or other approaches -- is an exciting avenue with potentially profound implications for individuals and society at large."

How Out-of-Body Experiences Affect Empathy

Weiler's paper examines the possibility that the dramatic increases in empathy seen in people who undergo out-of-body experiences may result from what is known as "ego dissolution" -- the loss of the sense of self. In these instances, people feel they have been severed from their physical form and have connected with the universe at a deeper level. Sometimes known as "ego death" or "ego loss," this state can be brought on by near-death experiences, hallucinogenic drugs and other causes. But people who undergo it often report that their viewpoint on the world, and their place in it, is radically changed.

"The detachment from the physical body often leads to a sense of interconnectedness with all life and a deepened emotional connection with others," the researchers write. "These sensations of interconnectedness can persist beyond the experience itself, reshaping the individual's perception and fostering increased empathy, thereby influencing personal relationships and societal harmony."

Out-of-body experiences can seem more real than reality itself, the researchers note, and this sense of transcendental connectedness can translate into "prosocial" behaviors afterward. Experiencers often become more compassionate, more patient, more understanding. More than half in one study described their relationships with others as more peaceful and harmonious. Many become more spiritual and more convinced of the possibility of life after death.

In their paper, Weiler and her co-authors explore potential explanations for what is happening within the brain to cause these changes. But while that remains unclear, the lasting effects of OBEs are not. And by understanding how these life-changing experiences can enhance empathy, researchers may be able to develop ways to help foster it for society's benefit during a conflicted age.

"Interest in cultivating empathy and other prosocial emotions and behaviors is widespread worldwide," the researchers conclude. "Understanding how virtues related to consideration for others can be nurtured is a goal with personal, societal and potentially global implications."
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Extreme weather to strengthen rapidly over next two decades | ScienceDaily
Nearly three quarters of the global population can expect strong and rapid changes in extreme temperatures and rainfall in the next 20 years unless greenhouse gas emissions are cut dramatically, according to a new study.


						
Led by scientists from the CICERO Center for International Climate Research and supported by the University of Reading, the research shows that 20 per cent of the population could face extreme weather risks if emissions are cut enough to reach the aims of the Paris Agreement, compared to 70% if limited action is taken.

The new paper, published in the journal Nature Geoscience, shows how global warming can combine with normal variations in the weather, to produce decade-long periods of very rapid changes in both extreme temperatures and rainfall.

Few studies have explored the impact extreme weather will have on different countries. Dr Carley Iles, lead author of the research at CICERO, said: "We focus on regional changes, due to their increased relevance to the experience of people and ecosystems compared with the global mean, and identify regions projected to experience substantial changes in rates of one or more extreme event indices over the coming decades."

Unprecedented conditions

Large climate model simulations were used in the study to show that large parts of the tropics and subtropics, encompassing 70 percent of current population, are expected to experience strong joint rates of change in temperature and precipitation extremes combined over the next 20 years, under a high-emissions scenario. With strong emissions mitigation, the number is expected to drop to 20 percent, or around 1.5 billion people.

Rapid changes increase the risk of unprecedented conditions and extreme events that currently account for a disproportionate share of the realised impacts of climate change. For example, heatwaves may cause heat stress and excess mortality of both people and livestock, stress to ecosystems, reduced agricultural yields, difficulties in cooling power plants, and transport disruption. Similarly, precipitation extremes can lead to flooding and damage to settlements, infrastructure, crops and ecosystems, increased erosion and reduced water quality. Thus, society seems particularly vulnerable to high rates of change of extremes, especially when multiple hazards increase at once.

Clean-up risks

Dr Laura Wilcox, co-author at the University of Reading, said: "We also find that rapid clean-up of air pollution, mostly over Asia, leads to accelerated co-located increases in warm extremes and influences the Asian summer monsoons. While cleaning the air is critical for health reasons, air pollution has also masked some of the effects of global warming. Now, the necessary cleanup may combine with global warming and give very strong changes in extreme conditions over the coming decades."

While the new paper focuses on the likelihood of rapid change, the authors emphasise that the results have important implications for climate adaptation. "In the best case, we calculate that rapid changes will affect 1.5 billion people. The only way to deal with this is to prepare for a situation with a much higher likelihood of unprecedented extreme events, already in the next 1-2 decades", says Dr. Bjorn H. Samset at CICERO Center for International Climate Research. Samset has contributed to the newly published study.
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'Ice bucket challenge' reveals that bacteria can anticipate the seasons | ScienceDaily
Bacteria use their internal 24-hour clocks to anticipate the arrival of new seasons, according to research carried out with the assistance of an 'ice bucket challenge.' 


						
This discovery may have profound implications for understanding the role that circadian rhythms - a molecular version of a clock - play in adapting species to climate change, from migrating animals to flowering plants.  

The team behind the findings gave populations of blue-green algae (cyanobacteria) different artificial day lengths at a constant warm temperature. Samples on plates received either short days, equinox days (equal light and dark), or long days, for eight days.  

After this treatment, the blue-green algae were plunged into ice for two hours and survival rates monitored.   

Samples that had been exposed to a succession of short days (eight hours light and 16 hours dark) in preparation for the icy challenge achieved survival rates of 75%, up to three times higher than colonies that had not been primed in this way. 

One short day was not enough to increase the bacteria's resistance to cold. Only after several short days, and optimally six to eight days, did the bacteria's life chances significantly improve. 

In cyanobacteria which had genes that make up their biological clock removed, survival rates were the same regardless of day lengths. This indicates that photoperiodism (the ability to measure the day-night cycle and change one's physiology in anticipation of the upcoming season) is critical in preparing bacteria for longer-term environmental changes such as a new season or shifts in climate. 

"The findings indicate that bacteria in nature use their internal clocks to measure day length and when the number of short days reaches a certain point, as they do in autumn/fall, they 'switch' to a different physiology in anticipation of the wintry challenges that lie ahead," explained first author of the study, Dr Luisa Jabbur, who was a researcher at Vanderbilt University, Tennessee, in the laboratory of Prof. Carl Johnson when this study took place, and is now a BBSRC Discovery Fellow at the John Innes Centre.  




The Johnson lab has a long history of studying the circadian clock of cyanobacteria, both from a mechanistic and an ecological perspective. 

Previous studies have shown that bacteria have a version of a biological clock, which could allow them to measure differences in day-night length, offering an evolutionary advantage. 

This study, which appears in Science, is the first time that anyone has shown that photoperiodism in bacteria has evolved to anticipate seasonal cues.  

Based on these findings a whole new horizon of scientific exploration awaits. A key question is: how does an organism with a lifespan of between six and 24 hours evolve a mechanism that enables it not merely to react to, but to anticipate, future conditions? 

"It's like they are signalling to their daughter cells and their granddaughter cells, passing information that the days are getting short, you need to do something," said Dr Jabbur. 

Dr Jabbur and colleagues at the John Innes Centre will, as part of her BBSRC Discovery Fellowship, use cyanobacteria as a fast-reproducing model species to understand how photoperiodic responses might evolve in other species during climate change, with hopeful applications to major crops.  

A key part of this work will be to understand more about the molecular memory systems by which information is passed from generation to generation in species. Research will investigate the possibility that an accumulation of compounds during the night on short days acts as a molecular switch that triggers change to a different physiology or phenotype.  




For Dr Jabbur the findings amount to an early-career scientific breakthrough in the face of initial scepticism from her scientific mentor and the corresponding author of the paper, Professor Carl Johnson. 

"As well as being a fascinating person and an inspiration, Carl sings in the Nashville Symphony Chorus, and he has an operatic laugh! It echoed round the department when I first outlined my idea for the icy challenge, to see if photoperiod was a cue for cyanobacteria in their natural element," said Dr Jabbur. 

"To be fair he told me to go away and try it, and as I went, he showed me a sign on his door with the Frank Westheimer quote: 'Progress is made by young scientists who carry out experiments that old scientists say would not work.' 

"It did work, first time. Then I repeated the experiments. There is something very precious about looking at a set of plates with bacteria on them and realizing that in that moment you know something that nobody else knows." 

Bacteria can anticipate the seasons: Photoperiodism in cyanobacteria appears in Science.  
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New filtration material could remove long-lasting chemicals from water | ScienceDaily
Water contamination by the chemicals used in today's technology is a rapidly growing problem globally. A recent studyby the U.S. Centers for Disease Control found that 98 percent of people tested had detectable levels of PFAS, a family of particularly long-lasting compounds, also known as forever chemicals, in their bloodstream.


						
A new filtration material developed by researchers at MIT might provide a nature-based solution to this stubborn contamination issue. The material, based on natural silk and cellulose, can remove a wide variety of these persistent chemicals as well as heavy metals. And, its antimicrobial properties can help keep the filters from fouling.

The findings are described in the journal ACS Nano, in a paper by MIT postdoc Yilin Zhang, professor of civil and environmental engineering Benedetto Marelli, and four others from MIT.

PFAS chemicals are present in a wide range of products, including cosmetics, food packaging, water-resistant clothing, firefighting foams, and antistick coating for cookware. A recent study identified 57,000 sites contaminated by these chemicals in the U.S. alone. The U.S. Environmental Protection Agency has estimated that PFAS remediation will cost $1.5 billion per year, in order to meet new regulations that call for limiting the compound to less than 7 parts per trillion in drinking water.

Contamination by PFAS and similar compounds "is actually a very big deal, and current solutions may only partially resolve this problem very efficiently or economically," Zhang says. "That's why we came up with this protein and cellulose-based, fully natural solution," he says.

"We came to the project by chance," Marelli notes. The initial technology that made the filtration material possible was developed by his group for a completely unrelated purpose -- as a way to make a labelling system to counter the spread of counterfeit seeds, which are often of inferior quality. His team devised a way of processing silk proteins into uniform nanoscale crystals, or "nanofibrils," through an environmentally benign, water-based drop-casting method at room temperature.

Zhang suggested that their new nanofibrillar material might be effective at filtering contaminants, but initial attempts with the silk nanofibrils alone didn't work. The team decided to try adding another material: cellulose, which is abundantly available and can be obtained from agricultural wood pulp waste. The researchers used a self-assembly method in which the silk fibroin protein is suspended in water and then templated into nanofibrils by inserting "seeds" of cellulose nanocrystals. This causes the previously disordered silk molecules to line up together along the seeds, forming the basis of a hybrid material with distinct new properties.




By integrating cellulose into the silk-based fibrils that could be formed into a thin membrane, and then tuning the electrical charge of the cellulose, the researchers produced a material that was highly effective at removing contaminants in lab tests.

The electrical charge of the cellulose, they found, also gave it strong antimicrobial properties. This is a significant advantage, since one of the primary causes of failure in filtration membranes is fouling by bacteria and fungi. The antimicrobial properties of this material should greatly reduce that fouling issue, the researchers say.

"These materials can really compete with the current standard materials in water filtration when it comes to extracting metal ions and these emerging contaminants, and they can also outperform some of them currently," Marelli says. In lab tests, the materials were able to extract orders of magnitude more of the contaminants from water than the currently used standard materials, activated carbon or granular activated carbon.

While the new work serves as a proof of principle, Marelli says, the team plans to continue working on improving the material, especially in terms of durability and availability of source materials. While the silk proteins used can be available as a byproduct of the silk textile industry, if this material were to be scaled up to address the global needs for water filtration, the supply might be insufficient. Also, alternative protein materials may turn out to perform the same function at lower cost.

Initially, the material would likely be used as a point-of-use filter, something that could be attached to a kitchen faucet, Zhang says. Eventually, it could be scaled up to provide filtration for municipal water supplies, but only after testing demonstrates that this would not pose any risk of introducing any contamination into the water supply. But one big advantage of the material, he says, is that both the silk and the cellulose constituents are considered food-grade substances, so any contamination is unlikely.

"Most of the normal materials available today are focusing on one class of contaminants or solving single problems," Zhang says. "I think we are among the first to address all of these simultaneously."

The research team included MIT postdocs Hui Sun and Meng Li, graduate student Maxwell Kalinowski, and recent graduate Yunteng Cao PhD '22, now a postdoc at Yale. The work was supported by the Office of Naval Research, the National Science Foundation, and the Singapore-MIT Alliance for Research and Technology.
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'Some pterosaurs would flap, others would soar' -- new study further confirms the flight capability of these giants of the skies | ScienceDaily
Some species of pterosaurs flew by flapping their wings while others soared like vultures, demonstrates a new study published in the peer-reviewed Journal of Vertebrate Paleontology.


						
It has long been debated whether the largest pterosaurs could fly at all.

However, "remarkable" and "rare" three-dimensional fossils of two different large-bodied azhdarchoid pterosaur species -- including one new-to-science -- have enabled scientists to hypothesize that not only could the largest pterosaurs take to the air, but their flight styles could differ too.

The new findings are led by experts from the University of Michigan, in the US, the Natural Resources Authority and Yarmouk University, in Jordan, and the Saudi Geological Survey, in Saudi Arabia.

Their paper details how these fossils -- which date back to the latest Cretaceous period (approximately 72 to 66 million years ago) -- were remarkably three-dimensionally preserved within the two different sites that preserve a nearshore environment on the margin of Afro-Arabia, an ancient landmass that included both Africa and the Arabian Peninsula. The research team used high-resolution computed tomography (CT) scans to then analyze the internal structure of the wing bones.

"The dig team was extremely surprised to find three-dimensionally preserved pterosaur bones, this is a very rare occurrence," explains lead author Dr Kierstin Rosenbach, from the Department of Earth and Environmental Sciences of the University of Michigan.

"Since pterosaur bones are hollow, they are very fragile and are more likely to be found flattened like a pancake, if they are preserved at all.




"With 3D preservation being so rare, we do not have a lot of information about what pterosaur bones look like on the inside, so I wanted to CT scan them.

"It was entirely possible that nothing was preserved inside, or that CT scanners were not sensitive enough to differentiate fossil bone tissue from the surrounding matrix."

Luckily, though, what the team uncovered was "remarkable," via "exciting internal structures not only preserved, but visible in the CT scanner."

CT scans reveal one soars; one flaps!

Newly collected specimens of the already-known giant pterosaur, Arambourgiania philadelphiae, confirm its 10-meter wingspan and provide the first details of its bone structure. CT images revealed that the interior of its humerus, which is hollow, contains a series of ridges that spiral up and down the bone.

This resembles structures in the interior of wing bones of vultures. The spiral ridges are hypothesized to resist the torsional loadings associated with soaring (sustained powered flight that requires launch and maintenance flapping).




The other specimen analyzed was the new-to-science Inabtanin alarabia, which had a five-meter wingspan. The team named it after the place where it was excavated -- near a large grape-colored hill, called Tal Inab. The generic name combines the Arabic words "inab," for grape, and "tanin" for dragon. 'Alarabia' refers to the Arabian Peninsula.

Inabtanin is one of the most complete pterosaurs ever recovered from Afro-Arabia, and the CT scans revealed the structure of its flight bones was completely different from that of Arambourgiania.

The interior of the flight bones were crisscrossed by arrangement with struts that match those found in the wing bones of modern flapping birds.

This indicates it was adapted to resist bending loads associated with flapping flight, and so it is likely that Inabtanin flew this way -- although this does not preclude occasional use of other flight styles too.

"The struts found in Inabtanin were cool to see, though not unusual," says Dr Rosenbach.

"The ridges in Arambourgiania were completely unexpected, we weren't sure what we were seeing at first!

"Being able to see the full 3D model of Arambourgiania's humerus lined with helical ridges was just so exciting."

What explains this difference?

The discovery of diverse flight styles in differently-sized pterosaurs is "exciting," the experts state, because it opens a window into how these animals lived. It also poses interesting questions, like to what extent flight style is correlated with body size and which flight style is more common among pterosaurs.

"There is such limited information on the internal bone structure of pterosaurs across time, it is difficult to say with certainty which flight style came first," Dr Rosenbach adds.

"If we look to other flying vertebrate groups, birds and bats, we can see that flapping is by far the most common flight behavior.

"Even birds that soar or glide require some flapping to get in the air and maintain flight.

"This leads me to believe that flapping flight is the default condition, and that the behavior of soaring would perhaps evolve later if it were advantageous for the pterosaur population in a specific environment; in this case the open ocean."

Co-author Professor Jeff Wilson Mantilla, Curator at Michigan's Museum of Paleontology, and Dr Iyad Zalmout, from the Saudi Geological Survey, found these specimens in 2007 at sites in the north and south of Jordan.

Professor Jeff Wilson Mantilla says the "variations likely reflect responses to mechanical forces applied on the pterosaurs' wings during flight."

Enabling further study of vertebrate flight

Concluding, Dr Rosenbach states: "Pterosaurs were the earliest and largest vertebrates to evolve powered flight, but they are the only major volant group that has gone extinct.

"Attempts to-date to understand their flight mechanics have relied on aerodynamic principles and analogy with extant birds and bats.

"This study provides a framework for further investigation of the correlation between internal bone structure and flight capacity and behavior, and will hopefully lead to broader sampling of flight bone structure in pterosaur specimens."
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AI helps distinguish dark matter from cosmic noise | ScienceDaily
Dark matter is the invisible force holding the universe together -- or so we think. It makes up around 85% of all matter and around 27% of the universe's contents, but since we can't see it directly, we have to study its gravitational effects on galaxies and other cosmic structures. Despite decades of research, the true nature of dark matter remains one of science's most elusive questions.


						
According to a leading theory, dark matter might be a type of particle that barely interacts with anything else, except through gravity. But some scientists believe these particles could occasionally interact with each other, a phenomenon known as self-interaction. Detecting such interactions would offer crucial clues about dark matter's properties.

However, distinguishing the subtle signs of dark matter self-interactions from other cosmic effects, like those caused by active galactic nuclei (AGN) -- the supermassive black holes at the centers of galaxies -- has been a major challenge. AGN feedback can push matter around in ways that are similar to the effects of dark matter, making it difficult to tell the two apart.

In a significant step forward, astronomer David Harvey at EPFL's Laboratory of Astrophysics has developed a deep-learning algorithm that can untangle these complex signals. Their AI-based method is designed to differentiate between the effects of dark matter self-interactions and those of AGN feedback by analyzing images of galaxy clusters -- vast collections of galaxies bound together by gravity. The innovation promises to greatly enhance the precision of dark matter studies.

Harvey trained a Convolutional Neural Network (CNN) -- a type of AI that is particularly good at recognizing patterns in images -- with images from the BAHAMAS-SIDM project, which models galaxy clusters under different dark matter and AGN feedback scenarios. By being fed thousands of simulated galaxy cluster images, the CNN learned to distinguish between the signals caused by dark matter self-interactions and those caused by AGN feedback.

Among the various CNN architectures tested, the most complex -- dubbed "Inception" -- proved to also be the most accurate. The AI was trained on two primary dark matter scenarios, featuring different levels of self-interaction, and validated on additional models, including a more complex, velocity-dependent dark matter model.

Inceptionachieved an impressive accuracy of 80% under ideal conditions, effectively identifying whether galaxy clusters were influenced by self-interacting dark matter or AGN feedback. It maintained is high performance even when the researchers introduced realistic observational noise that mimics the kind of data we expect from future telescopes like Euclid.

What this means is that Inception -- and the AI approach more generally -- could prove incredibly useful for analyzing the massive amounts of data we collect from space. Moreover, the AI's ability to handle unseen data indicates that it's adaptable and reliable, making it a promising tool for future dark matter research.

AI-based approaches like Inception could significantly impact our understanding of what dark matter actually is. As new telescopes gather unprecedented amounts of data, this method will help scientists sift through it quickly and accurately, potentially revealing the true nature of dark matter.
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Astrophysics: AI shines a new light on exoplanets | ScienceDaily
Researchers from LMU, the ORIGINS Excellence Cluster, the Max Planck Institute for Extraterrestrial Physics (MPE), and the ORIGINS Data Science Lab (ODSL) have made an important breakthrough in the analysis of exoplanet atmospheres. Using physics-informed neural networks (PINNs), they have managed to model the complex light scattering in the atmospheres of exoplanets with greater precision than has previously been possible. This method opens up new opportunities for the analysis of exoplanet atmospheres, especially with regard to the influence of clouds, and could significantly improve our understanding of these distant worlds.


						
When distant exoplanets pass in front of their star, they block a small portion of the starlight, while an even smaller portion penetrates the planetary atmosphere. This interaction leads to variations in the light spectrum, which mirror the properties of the atmosphere such as chemical composition, temperature, and cloud cover. To be able to analyze these measured spectra, however, scientists require models that are capable of calculating millions of synthetic spectra in a short time. Only by subsequently comparing the calculated spectra with the measured ones do we obtain information about the atmospheric composition of the observed exoplanets. And what is more, the highly detailed new observations coming from the James Webb Space Telescope (JWST) necessitate equally detailed and complex atmospheric models.

Rapid solving of complex equations thanks to AI

A key aspect of exoplanet research is the light scattering in the atmosphere, particularly the scattering off clouds. Previous models were unable to satisfactorily capture this scattering, which led to inaccuracies in the spectral analysis. Physics-informed neural networks offer a decisive advantage here, as they are capable of efficiently solving complex equations. In the just-published study, the researchers trained two such networks. The first model, which was developed without taking light scattering into account, demonstrated impressive accuracy with relative errors of mostly under one percent. Meanwhile, the second model incorporated approximations of so-called Rayleigh scattering -- the same effect that makes the sky seem blue on Earth. Although these approximations require further improvement, the neural network was able to solve the complex equation, which represents an important advance.

Interdisciplinary collaboration

These new findings were possible thanks to a unique interdisciplinary collaboration between physicists from LMU Munich, the ORIGINS Excellence Cluster, the Max Planck Institute for Extraterrestrial Physics (MPE) and the ORIGINS Data Science Lab (ODSL), which is specialized in the development of new AI-based methods in physics. "This synergy not only advances exoplanet research, but also opens up new horizons for the development of AI-based methods in physics," explains lead author of the study David Dahlbudding from LMU. "We want to further expand our interdisciplinary collaboration in the future to simulate the scattering of light off clouds with greater precision and thus make full use of the potential of neural networks."
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Researchers create a one-dimensional gas out of light | ScienceDaily
Physicists at the University of Bonn and the University of Kaiserslautern-Landau (RPTU) have created a one-dimensional gas out of light. This has enabled them to test theoretical predictions about the transition into this exotic state of matter for the first time. The method used in the experiment by the researchers could be used for examining quantum effects. The results have been published in the journal "Nature Physics."


						
Imagine you are standing at a swimming pool and come up with the idea of filling it with even more water. You grab a garden hose and use it to generate a jet of water that curves in a high arc to fall onto the surface of the pool. The water level increases briefly at the point where the jet of water hits the pool but this change in water level is only minimal because the falling water is quickly distributed across the entire expanse of water.

The effect is different, however, if you fill up a gutter with your jet of water. The jet creates a wave of water at the point where you aim the hose. This is because the walls of the gutter ensure that the water cannot flow out across a surface but can only be distributed in the direction of the gutter. The narrower the gutter, the higher the amplitude of the wave and thus the "more one-dimensional" it becomes.

Physicists from the Institute of Applied Physics (IAP) at the University of Bonn in cooperation with colleagues at the RPTU have now investigated whether similar effects of dimensionality can also be achieved with gases made out of light particles. "To create these types of gases, we need to concentrate lots of photons in a confined space and cool them simultaneously," explains Dr. Frank Vewinger from the IAP, who is also a member of the transdisciplinary research area "Matter" at the University of Bonn.

Microscopically small gutters

In their experiment, the researchers filled a tiny container with a dye solution and excited it using a laser. The resulting photons bounced back and forth between the reflective walls of the container. Whenever they collided with a dye molecule, they were cooled until ultimately the photon gas condensed.

The dimensionality of the gas can be influenced by modifying the surface of the reflective surfaces. The researchers at the IAP cooperated with the research group headed by Prof. Dr. Georg von Freymann from the RPTU on this study. A high-resolution structuring method was adapted so that it could be applied to the reflective surfaces of the photon container for this experiment. "We were able to apply a transparent polymer to the reflective surfaces to create microscopically small protrusions," explains Julian Schulz from the RPTU. "These protrusions allow us to trap the photons in one or two dimensions and condense them."

"These polymers act like a type of gutter, but in this case for light," says Kirankumar Karkihalli Umesh, lead author of the study. "The narrower this gutter is, the more one-dimensionally the gas behaves."




Thermal fluctuations smear out the condensation point

In two dimensions, there is a precise temperature limit at which condensation occurs -- similar to how water freezes at precisely zero degrees Celsius. Physicists call this a phase transition. "However, things are a little different when we create a one-dimensional gas instead of a two-dimensional one," says Vewinger. "So-called thermal fluctuations take place in photon gases but they are so small in two dimensions that they have no real impact. However, in one dimension these fluctuations can -- figuratively speaking -- make big waves."

These fluctuations destroy the order of one-dimensional systems so that different regions within the gas no longer behave the same. As a result, the phase transition, which is still precisely defined in two dimensions, becomes increasingly "smeared out" the more one-dimensional the system becomes. However, its properties are still governed by quantum physics, as in the case of two-dimensional gases, and these types of gas are called degenerate quantum gases. It is as if water were to turn into a form of icy water at low temperatures without ever completely freezing when cooling down. "We have now been able to investigate this behavior at the transition from a two-dimensional to a one-dimensional photon gas for the first time," explains Vewinger.

The research groups were able to demonstrate that one-dimensional photon gases do not actually have a precise condensation point. By making tiny changes to the polymer structures, it will now be possible to investigate phenomena that occur at the transition between different dimensionalities in great detail. This is still considered basic research at the moment but it is possible that it could open up new areas of application for quantum optical effects.

Participating institutes and funding:

The following institutions participated in the study: the IAP at the University of Bonn, the Fraunhofer Institute for Industrial Mathematics (ITWM) in Kaiserslautern and the University of Kaiserslautern-Landau (RPTU). The study was funded by the European Research Council (ERC) of the European Union and the German Research Foundation (DFG) as part of Collaborative Research Centre TRR 185.
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Study suggests US droughts, rainy extremes becoming more severe | ScienceDaily
Severe drought in the American Southwest and Mexico and more severe wet years in the Northeast are the modern norm in North America, according to new research -- and the analysis suggests these seasonal patterns will be more extreme in the future.


						
The middle of the United States, meanwhile, can expect bigger swings between wetter wet periods -- high-rainfall years known as pluvials -- and drier summers through the rest of this century, the study predicts.

Researchers at The Ohio State University say the findings, based on modern precipitation data, historical tree rings and climate models spanning the years 850 to 2100, suggest climate change has shifted precipitation patterns across North America to extremes that were not experienced before industrialization began around the mid-1800s.

"It's very much a tale of Southwest versus the Northeast for most of the seasons," said senior author James Stagge, assistant professor of civil, environmental and geodetic engineering at Ohio State. "Mexico and the American Southwest tends to get drier across more or less all seasons, whereas we're seeing in the Northeast -- and Ohio is included in that -- a trend toward wetter, particularly in the winter and early spring."

The combination of drier droughts and wetter pluvials in much of the nation's midsection won't necessarily occur in a predictable way.

"So you might be going from, say, this year our drought is really bad, and in five years or so we might see the wettest pluvial we've had in a while," Stagge said. "That variability is concerning because it changes how we might need to manage water to prepare for more extremes in both ways. Trying to plan for that is a real challenge.

"This is all part of the same pattern moving into the future. It's only going to get worse."

Former Ohio State graduate student Kyungmin Sung, now a research fellow at the Korea Environment Institute, is first author of the paper. The research is published today (Sept. 6, 2024) in Geophysical Research Letters.




In contrast to attribution studies that examine whether or how human-associated climate change has influenced extreme weather events, this work focused on documenting centuries-long trends in pre- and post-industrial drought and pluvial extremes across North America.

The researchers compared changing climate patterns observed in the past 20 years to the pre-industrial era and then predicted how periods of low and high precipitation will trend through the year 2100.

"What we can say is, 'here is the scale of change we've seen in the past 100 years under an increase in greenhouse gas concentration, and here's what we saw in the previous 700 years,'" Sung said. "And the scale of the change we're seeing now and into the future is dramatically larger in many areas than any natural climate variability we saw prior."

The researchers merged data from five sources: two modern compilations of precipitation observations, tree ring reconstructions from the distant past, and two climate models -- each covering the same historical period as the tree ring analyses and continuing to predict future extreme dry and wet trends with increasing greenhouse gases.

The integration of different data types lends credibility to the findings, Stagge said: "A benefit of having very different types of data is they can fill in each other's gaps. We consider trends to be significant only when they're showing up across multiple data sets -- so that increases our confidence."

Maps of the changing climate patterns show the method produced smooth spatial transitions and obvious boundaries, suggesting that "what we're seeing is real," he said.




While the drying of the West is a well-known phenomenon, the team was surprised to see how extensive the precipitation increase has been and will be in the Northeast and how dramatic the heightened variability from droughts to pluvials is going to be in the center of the country.

These patterns of water shortages and gluts could affect industries ranging from farming to construction and city planning, and are likely to strain management efforts to maintain household water-source reservoirs at optimum levels.

"Planners, government agencies and engineers want to do the right thing and plan for a potentially changing climate, but oftentimes they don't necessarily have the numbers or the broader picture of what's going to be happening where," Stagge said. "This puts regions on notice. In the Southwest, you're going to have less water to deal with, and if you're managing a farm in the middle of the country you might be seeing wider swings between droughts and pluvials.

"Certainly, we'd like to arrest further climate change, but it takes a long time to turn that ship," he said. "In the meantime, we should be planning on where we're headed to decrease impacts on people, the economy and the environment."

This work was supported by the National Science Foundation, the Byrd Polar and Climate Research Center at Ohio State, and the Ohio Supercomputer Center. Gil Bohrer of Ohio State was also a co-author of the paper.
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100x improvement in sight seen after gene therapy trial | ScienceDaily
The vision of people with a rare inherited condition that causes them to lose much of their sight early in childhood was 100 times better after they received gene therapy to address the genetic mutation causing it. Some patients even experienced a 10,000-fold improvement in their vision after receiving the highest dose of the therapy, according to researchers from the Perelman School of Medicine at the University of Pennsylvania who co-led the clinical trial published in The Lancet.


						
"That 10,000-fold improvement is the same as a patient being able to see their surroundings on a moonlit night outdoors as opposed to requiring bright indoor lighting before treatment," said the study's lead author, Artur Cideciyan, PhD, a research professor of Ophthalmology and co-director of the Center for Hereditary Retinal Degenerations. "One patient reported for the first time being able to navigate at midnight outdoors only with the light of a bonfire."

A total of 15 people participated in the Phase 1/2 trial, including three pediatric patients. Each patient had Leber congenital amaurosis as the result of mutations in the GUCY2D gene, which is essential to producing proteins critical for vision. This specific condition, which affects less than 100,000 people worldwide and is abbreviated as LCA1, causes significant amount of vision loss as early as infancy.

All subjects had severe vision loss with their best measure of vision being equal or worse than 20/80 -- meaning if a typically-sighted person could see an object clearly at 80 feet, these patients would have to move up to at least 20 feet to see it. Glasses provide limited benefit to these patients because they correct abnormalities in the optical focusing ability of the eye, and are unable to address medical causes of vision loss, such as genetic retinal diseases like LCA1.

The trial tested different dosage levels of the gene therapy, ATSN-101, which was adapted from the AAV5 microorganism and was surgically injected under the retina. For the first part of the study, cohorts of three adults each received one of the three different dosages: Low, mid, and high. Evaluations were held between each level of dosage to ensure that they were safe before upping the dosage for the next cohort. A second phase of the study involved only administering the high dosage levels to both an adult cohort of three and a pediatric cohort of three, again after safety reviews of the previous cohorts.

Improvements were noticed quickly, often within the first month, after the therapy was applied and lasted for at least 12 months. Observations of participating patients are also ongoing. Three of six high-dosage patients who were tested to navigate a mobility course in varying levels of light achieved the maximum-possible score. Other tests used eye charts or measured the dimmest flashes of light patients perceived in a dark environment.

Of the nine patients who received the maximum dosage, two had the 10,000-fold improvement in vision.




"Even though we previously predicted a large vision improvement potential in LCA1, we did not know how receptive patients' photoreceptors would be to treatment after decades of blindness," said Cideciyan. "It is very satisfying to see a successful multi-center trial that shows gene therapy can be dramatically efficacious."

Primarily, the study sought to determine the safety of the gene therapy and its varying dosage levels. Researchers did find some patients had side effects, but the overwhelming majority were related to the surgical procedure itself. The most common side effect was conjunctival hemorrhage, the breakage of small blood vessels underneath the clear surface of the eye, which healed. Two patients had eye inflammation that was reversed with a course of steroids. No serious side effects were related to the study drug.

This work comes on the heels of another successful ophthalmological trial at Penn restoring sight in patients with a different form of LCA. Earlier in 2024, CRISPR-Cas9 gene editing was used to improve the sight of many patients with a form of LCA tied to mutations in the CEP290 gene. Co-led by one of the new paper's co-authors, Tomas S. Aleman, MD, the Irene Heinz-Given and John LaPorte Research Professor in Ophthalmology and co-director with Cideciyan of the Center for Hereditary Retinal Degenerations, the study used similar tests and was the first time children were involved in any gene editing work.

"The treatment success in our most recent clinical trials together with our earlier experience brings hope for a viable treatment for about 20 percent of infantile blindness caused by inherited retinal degenerations," Aleman said. "The focus now is on perfecting the treatments and treating earlier manifestations of these conditions once safety is confirmed. We hope similar approaches will lead to equally positive outcomes in other forms of congenital retinal blindness."

Moving forward, approval of this experimental medicine for clinical use requires another trial, where participants are randomized to a treatment dose and both patients and those investigating the trial not knowing who gets what. Through that, any possible bias in results could be avoided.

This study was funded by Atsena Therapeutics, Inc. Two of the paper's authors, Andres K. Lauer, MD, and Mark Pennesi, MD, PhD, are members of the company's clinical and scientific advisory board. 
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Massive merger: Study reveals evidence for origin of supermassive black hole at galaxy's center | ScienceDaily
The origins of aptly named supermassive black holes -- which can weigh in at more than a million times the mass of the sun and reside in the center of most galaxies -- remain one of the great mysteries of the cosmos.


						
Now, researchers from the Nevada Center for Astrophysics at UNLV (NCfA) have discovered compelling evidence suggesting that the supermassive black hole at the center of our Milky Way galaxy, known as Sagittarius A* (Sgr A*), is likely the result of a past cosmic merger.

The study, published Sept. 6 in the journal Nature Astronomy, builds on recent observations from the Event Horizon Telescope (EHT), which captured the first direct image of Sgr A* in 2022. The EHT, the result of a global research collaboration, syncs data from eight existing radio observatories worldwide to create a massive, Earth-sized virtual telescope.

UNLV astrophysicists Yihan Wang and Bing Zhang utilized the data from the EHT observation of Sgr A* to look for evidence on how it may have formed. Supermassive black holes are thought to grow either by the accretion of matter over time, or by the merger of two existing black holes.

The UNLV team investigated various growth models to understand the peculiar rapid spin and misalignment of Sgr A* relative to the Milky Way's angular momentum. The team demonstrated that these unusual characteristics are best explained by a major merger event involving Sgr A* and another supermassive black hole, likely from a satellite galaxy.

"This discovery paves the way for our understanding of how supermassive black holes grow and evolve," said Wang, the lead author of the study and an NCfA postdoctoral fellow at UNLV. "The misaligned high spin of Sgr A* indicates that it may have merged with another black hole, dramatically altering its amplitude and orientation of spin."

Using sophisticated simulations, the researchers modeled the impact of a merger, considering various scenarios that align with the observed spin properties of Sgr A*. Their results indicate that a 4:1 mass ratio merger with a highly inclined orbital configuration could reproduce the spin properties observed by the EHT.

"This merger likely occurred around 9 billion years ago, following the Milky Way's merger with the Gaia-Enceladus galaxy," said Zhang, a distinguished professor of physics and astronomy at UNLV and the founding director of the NCfA. "This event not only provides evidence of the hierarchical black hole merger theory but also provides insights into the dynamical history of our galaxy."

Sgr A* sits at the center of the galaxy more than 27,000 light years away from Earth, and sophisticated tools like the EHT provide direct imaging that helps scientists put predictive theories to the test.

Researchers say that the findings from the study will have significant implications for future observations with upcoming space-borne gravitational wave detectors, such as the Laser Interferometer Space Antenna (LISA), which is planned to launch in 2035 and is expected to detect similar supermassive black hole mergers across the universe.
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Novel study reveals how aging immune system fuels cancer growth, potentially opening new avenues for prevention | ScienceDaily
A novel study by researchers at the Icahn School of Medicine at Mount Sinai addresses a critical yet under-explored question in cancer research: Why is aging the biggest risk factor for cancer? The study reveals how an aging immune system spurs tumor growth, offering new insights into cancer prevention and treatment, especially for older adults.


						
Details on the findings were reported in the September 5 Online First Release of Science. In preclinical models, the research team found that anakinra, a drug typically used for inflammatory conditions such as rheumatoid arthritis, can be repurposed to block harmful signals between early lung cancer lesions and the bone marrow. This is critical, say the investigators, because as the immune system ages, it creates harmful inflammation that can drive cancer development.

"As the immune system ages, it triggers harmful inflammation that can drive cancer growth -- by promoting the accumulation of pro-tumor macrophages, a type of immune cell that suppresses the immune effector cells that normally kill tumor cells. This weakens the body's ability to fight cancer," says lead author Matthew D. Park, PhD, a sixth-year Icahn Mount Sinai MD/PhD student in the lab of Miriam Merad, MD, PhD, senior corresponding author of the study.

"We found that by blocking specific inflammatory pathways, especially those involving molecules called interleukin-1[?] (IL-1[?]) and IL-1b, this damaging process could be reversed in mouse models, offering a potential new approach to preventing cancer development in humans," says Dr. Merad, Dean for Translational Research and Therapeutic Innovation, Director of the Marc and Jennifer Lipschultz Precision Immunology Institute, and Chair of Immunology and Immunotherapy at Icahn Mount Sinai.

Signaling between early lung cancer lesions and immune stem cells in bone marrow via IL-1[?]/b underscores how an aging immune system promotes cancer progression.

Cancer is a disease that becomes increasingly common as we age, with the risk rising sharply after the age of 60. Many theories have been proposed, including the cumulative effects of environmentally-induced damage and genetic mutations, but there has been little concrete data explaining why aging drives cancer, say the researchers.

As part of the study, the research team used mouse models to investigate how aging affects cancer progression. They injected tumor cells into mice and observed that lung, pancreatic, and colonic cancer grew more rapidly in older mice compared to younger ones. Using bone marrow transplants from either young or old mice, the investigators simulated the effects of the immune system's aging. The team found that an aged immune system accelerates cancer growth, even in young mice. More strikingly, they found that rejuvenating the immune system significantly reduced cancer growth in older mice.




Using high-dimensional analysis of murine and human cancer tissues, the team identified specific cells and immune-related factors that accelerate cancer growth in the elderly. They then successfully blocked these factors, specifically IL-1[?]/b, demonstrating that inhibiting these molecules can reduce cancer growth in aged mice.

"Our study shows that an aged immune system promotes cancer progression, independent of the age of the cancer cells or the surrounding tissue. We've long suspected that inflammation can suppress anti-tumor immunity, particularly in older individuals and cancer patients. However, this is the first robust evidence proving that chronic inflammation from an aging immune system predisposes to cancer," says Dr. Merad. "This research not only brings our lab into the field of immune aging but also lays the groundwork for future studies, exploring its links to cancer and other aging-related conditions like cardiovascular disease and infections."

"This study reveals that targeting the aging immune system could significantly reduce cancer risk in older adults. It suggests that enhancing the immune response through immunotherapy might be more effective than directly targeting tumors. The discovery that anakinra, which blocks the activity of IL-1[?]/b and is a drug already used for inflammatory conditions, can mitigate the harmful effects of immune aging on cancer opens the door to repurposing existing medications for cancer prevention," says co-senior author Thomas Marron, MD, PhD, Director of the Early Phase Trial Unit at Mount Sinai's Tisch Cancer Institute. "We're now focused on translating these findings into clinical practice. Based on these results, we have now designed early-phase clinical trials to use anakinra in high-risk patients."

The ongoing trials are investigating whether targeting the immune system can prevent cancer progression, while the researchers continue to explore additional therapeutic targets. Their ultimate goal is to develop preventive measures that reduce harmful inflammation in older adults, thus significantly reducing the incidence of cancer.
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Scientists make tissue of living animals see-through | ScienceDaily
In a pioneering new study, researchers made the skin on the skulls and abdomens of live mice transparent by applying to the areas a mixture of water and a common yellow food coloring called tartrazine.


						
Dr. Zihao Ou, assistant professor of physics at The University of Texas at Dallas, is lead author of the study, published in the Sept. 6 print issue of the journal Science.

Living skin is a scattering medium. Like fog, it scatters light, which is why it cannot be seen through.

"We combined the yellow dye, which is a molecule that absorbs most light, especially blue and ultraviolet light, with skin, which is a scattering medium. Individually, these two things block most light from getting through them. But when we put them together, we were able to achieve transparency of the mouse skin," said Ou, who, with colleagues, conducted the study while he was a postdoctoral researcher at Stanford University before joining the UT Dallas faculty in the School of Natural Sciences and Mathematics in August.

"For those who understand the fundamental physics behind this, it makes sense; but if you aren't familiar with it, it looks like a magic trick," Ou said.

The "magic" happens because dissolving the light-absorbing molecules in water changes the solution's refractive index -- a measure of the way a substance bends light -- in a way that matches the refractive index of tissue components like lipids. In essence, the dye molecules reduce the degree to which light scatters in the skin tissue, like dissipating a fog bank.

In their experiments with mice, the researchers rubbed the water and dye solution onto the skin of the animals' skulls and abdomens. Once the dye had completely diffused into the skin, the skin became transparent. The process is reversible by washing off any remaining dye. The dye that has diffused into the skin is metabolized and excreted through urine.




"It takes a few minutes for the transparency to appear," Ou said. "It's similar to the way a facial cream or mask works: The time needed depends on how fast the molecules diffuse into the skin."

Through the transparent skin of the skull, researchers directly observed blood vessels on the surface of the brain. In the abdomen, they observed internal organs and peristalsis, the muscle contractions that move contents through the digestive tract.

The transparent areas take on an orangish color, Ou said. The dye used in the solution is commonly known as FD&C Yellow #5 and is frequently used in orange- or yellow-colored snack chips, candy coating and other foods. The Food and Drug Administration certifies nine color additives -- tartrazine is one -- for use in foods.

"It's important that the dye is biocompatible -- it's safe for living organisms," Ou said. "In addition, it's very inexpensive and efficient; we don't need very much of it to work."

The researchers have not yet tested the process on humans, whose skin is about 10 times thicker than a mouse's. At this time it is not clear what dosage of the dye or delivery method would be necessary to penetrate the entire thickness, Ou said.

"In human medicine, we currently have ultrasound to look deeper inside the living body," Ou said. "Many medical diagnosis platforms are very expensive and inaccessible to a broad audience, but platforms based on our tech should not be."

Ou said one of the first applications of the technique will likely be to improve existing research methods in optical imaging.




"Our research group is mostly academics, so one of the first things we thought of when we saw the results of our experiments was how this might improve biomedical research," he said. "Optical equipment, like the microscope, is not directly used to study live humans or animals because light can't go through living tissue. But now that we can make tissue transparent, it will allow us to look at more detailed dynamics. It will completely revolutionize existing optical research in biology."

In his new Dynamic Bio-imaging Lab at UTD, Ou will continue the research he started with Dr. Guosong Hong, assistant professor of materials science and engineering at Stanford and a corresponding author of the study. Ou said the next steps in the research will include understanding what dosage of the dye molecule might work best in human tissue. In addition, the researchers are experimenting with other molecules, including engineered materials, that could perform more efficiently than tartrazine.

Study authors from Stanford, including co-corresponding author Dr. Mark Brongersma, the Stephen Harris Professor in the Department of Materials Science and Engineering, were funded by grants from federal agencies including the National Institutes of Health, the National Science Foundation and the Air Force Office of Scientific Research. As an interdisciplinary postdoctoral scholar, Ou was supported by the Wu Tsai Neuroscience Institute at Stanford. The researchers have applied for a patent on the technology.
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The collapse of bat populations led to more than a thousand infant deaths | ScienceDaily
Bats are considered a natural pesticide, widely relied on by farmers as an alternative to chemical pesticides to protect their crops from insects. But since 2006, many bat populations have collapsed in counties in North America due to an invasive fungus found in the caves bats use during the day and throughout winter that causes what is known as White-Nose Syndrome. A new study in Science uses their sudden collapse to explore whether farmers turned to chemical pesticides, and whether doing so impacts human health. It finds that farmers did increase their pesticide use, leading to more than 1,000 infant deaths.


						
"Bats have gained a bad reputation as being something to fear, especially after reports of a possible linkage with the origins Covid-19," says study author Eyal Frank, an assistant professor at the Harris School of Public Policy. "But bats do add value to society in their role as natural pesticides, and this study shows that their decline can be harmful to humans."

Frank compared the effect of bat die-offs on pesticide use in counties that experienced those bat population declines to counties that were likely unaffected by the wildlife disease. He found that when the bat populations declined, farmers increased their use of pesticides by about 31 percent. Because pesticides have been linked to negative health impacts, Frank next tested to see if the increased use of pesticides corresponded with an increase in infant mortality -- a common marker to study the health impacts of environmental pollution. Indeed, when farmers increased their use of pesticides, the infant mortality rate rose by almost 8 percent. This corresponds to an additional 1,334 infant deaths. Or, for every 1 percent increase in pesticides, there was a 0.25 percent increase in the infant mortality rate.

The study also found that pesticides aren't as good at preventing pests as bats. The quality of the crops likely declined, as farmers' revenue from crop sales decreased by nearly 29 percent. Combining this revenue loss with the expense of the pesticides, farmers in communities that experienced the bat die-offs lost $26.9 billion dollars between 2006 and 2017. Adding onto those losses the $12.4 billion in damages from infant mortality, the total societal cost from the bat die-offs in these communities amounted to $39.6 billion.

"When bats are no longer there to do their job in controlling insects, the costs to society are very large -- but the cost of conserving bat populations is likely smaller," says Frank. "More broadly, this study shows that wildlife adds value to society, and we need to better understand that value in order to inform policies to protect them."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240905143612.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Gravitational waves unveil previously unseen properties of neutron stars | ScienceDaily
A better understanding of the inner workings of neutron stars will lead to a greater knowledge of the dynamics that underpin the workings of the universe and also could help drive future technology, said the University of Illinois Urbana-Champaign physics professor Nicolas Yunes. A new study led by Yunes details how new insights into how dissipative tidal forces within double -- or binary -- neutron star systems will inform our understanding of the universe.


						
"Neutron stars are the collapsed cores of stars and densest stable material objects in the universe, much denser and colder than conditions that particle colliders can even create," said Yunes, who also is the founding director of the Illinois Center for Advanced Studies of the Universe. "The mere existence of neutron stars tells us that there are unseen properties related to astrophysics, gravitational physics and nuclear physics that play a critical role in the inner workings of our universe."

However, many of these previously unseen properties became observable with the discovery of gravitational waves.

"The properties of neutron stars imprint onto the gravitational waves they emit. These waves then travel millions of light-years through space to detectors on Earth, like the advanced European Laser Interferometer Gravitational-Wave Observatory and the Virgo Collaboration," Yunes said. "By detecting and analyzing the waves, we can infer the properties of neutron stars and learn about their internal composition and the physics at play in their extreme environments."

As a gravitational physicist, Yunes was interested in determining how gravitational waves encode information about the tidal forces that distort the shape of neutron stars and affect their orbital motion. This information also could tell physicists more about the dynamic material properties of the stars, such as internal friction or viscosity, "which might give us insight into out-of-equilibrium physical processes that result in the net transfer of energy into or out of a system," Yunes said.

Using data from the gravitational wave event identified as GW170817, Yunes, along with Illinois researchers Justin Ripley, Abhishek Hegade and Rohit Chandramouli, used computer simulations, analytical models and sophisticated data analysis algorithms to verify that out-of-equilibrium tidal forces within binary neutron star systems are detectable via gravitational waves. The GW170817 event was not loud enough to yield a direct measurement of viscosity, but Yunes' team was able to place the first observational constraints on how large viscosity can be inside neutron stars.

The study findings are published in the journal Nature Astronomy.

"This is an important advance, particularly for ICASU and the U. of I.," Yunes said. "In the '70s, '80s and '90s, Illinois pioneered many of the leading theories behind nuclear physics, particularly those connected to neutron stars. This legacy can continue with access to data from the advanced LIGO and Virgo detectors, the collaborations made possible through ICASU and the decades of nuclear physics expertise already in place here."

The University of Illinois Graduate College Dissertation Completion Fellowship and the National Science Foundation supported this study.
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      Top stories featured on ScienceDaily's Health & Medicine, Mind & Brain, and Living Well sections.


      
        Avian flu found in wastewater of 10 Texas cities through virome sequencing
        Avian influenza A(H5N1) virus, which spread to cattle and infected 14 people this year, was detected using virome sequencing in the wastewater of 10 Texas cities.

      

      
        New insights could help prevent psychosis relapses in youth and young adults
        New findings could help clinicians understand the course of delusions in youth and young adults that signal the need for a timely intervention to prevent a full relapse of psychosis.

      

      
        New, rare type of small cell lung cancer identified
        A team of doctors and researchers have identified a new, rare type of small cell lung cancer that primarily affects younger people who have never smoked.

      

      
        Light pollution a new Alzheimer's risk factor
        Outdoor light at night could be a significant risk factor in Alzheimer's disease, according to new research from Rush.

      

      
        Human 'molecular map' contributes to the understanding of disease mechanisms
        Scientists have created an intricate molecular map of the human body and its complex physiological processes based on the analysis of thousands of molecules in blood, urine and saliva samples from 391 volunteers. The data was integrated to create a powerful, interactive visual web-based tool called Connecting Omics (COmics) that can be used to investigate the complex molecular make-up of humans and discover underlying traits associated with various diseases.

      

      
        Can having a stroke change your sleep?
        People who have had a stroke may be more likely to sleep too much or too little compared to those without prior stroke, according to a new study. The study does not prove that stroke causes abnormal sleep; it only shows an association.

      

      
        How many people have A-Fib? Three times more than we thought
        Atrial fibrillation, a rapid, irregular heart beat that can lead to stroke or sudden death, is three times more common than previously thought, affecting nearly 5% of the population, or 10.5 million U.S. adults, according to new estimates.

      

      
        Self-medicating gorillas and traditional healers provide clues for new drug discovery
        Four plants consumed by wild gorillas in Gabon and used by local communities in traditional medicine show antibacterial and antioxidant properties, researchers report.

      

      
        Newly discovered antimicrobial could prevent or treat cholera
        Researchers identified the first known microcin, a group of naturally produced antimicrobials, that targets the strains of bacteria that cause cholera.

      

      
        Genes with strong impact on menopause timing also link to cancer risk
        The team first looked at variation in data from genetic sequencing of 106,973 post-menopausal female participants in the UK Biobank study. Researchers focused on rare types of genetic changes which cause a loss of the protein, and investigated their effect on the timing of menopause. The genetic changes studied are all rare in the population, however their influence on menopause is five times greater than the impact of any previously identified common genetic variant.

      

      
        Clinical trials inappropriately excluding people of African/Middle Eastern descent, new research shows
        Many clinical trials of new cancer drugs may be inappropriately excluding some people with Duffy-null phenotype, a trait found predominantly in people of African or Middle Eastern descent, researchers report in a new study.

      

      
        Researchers uncover shared cellular mechanisms across three major dementias
        Researchers have for the first time identified degeneration-associated 'molecular markers' -- observable changes in cells and their gene-regulating networks -- that are shared by several forms of dementia that affect different regions of the brain. Critically, the research also identified markers specific to different forms of dementia, and the combined findings represent a potential paradigm shift in the search for causes, treatments and cures.

      

      
        Risk of secondary cancers after CAR T therapy may be similar to risk after other cancer treatments
        The frequency of second primary malignancies (SPMs) arising in cancer survivors following treatment with CAR T-cell therapy was statistically comparable to the frequency of SPMs following other standard-of-care therapies, according to a systematic review and meta-analysis.

      

      
        Scientists expand the genetic alphabet to create new proteins
        It's a dogma taught in every introductory biology class: Proteins are composed of combinations of 20 different amino acids, arranged into diverse sequences like words. But researchers trying to engineer biologic molecules with new functions have long felt limited by those 20 basic building blocks and strived to develop ways of putting new building blocks -- called non-canonical amino acids -- into their proteins. Now, scientists have designed a new paradigm for easily adding non-canonical amino a...

      

      
        Breakthrough research sheds light on the hidden effects of stress on sperm
        A new study reveals that stress-induced changes in sperm motility occur after a stressful event, rather than during it and improves sperm performance. The discovery is essential in understanding how stress impacts the reproductive process to improve fetal development outcomes.

      

      
        Throat problems could impair autonomic nervous system's ability to regulate blood pressure
        Patients with throat problems were less able to regulate their blood pressure in a new study. The study shows reduced baroreflex sensitivity in patients with throat symptoms.

      

      
        Researchers improve search for cancer drivers
        A computer algorithm can efficiently find genetic mutations that work together to drive cancer as well as other important genetic clues that researchers might someday use to develop new treatments for a variety of cancers. Researchers used a novel network computer model to find co-occurring mutations as well as other similarities among DNA sequence elements across several types of cancer. The model allows for easier searches for patterns in huge seas of cancer genetic data.

      

      
        Risky play exercises an ancestral need to push limits
        Since their invention in the 1920s, jungle gyms and monkey bars have become both fixtures of playgrounds and symbols of childhood injury that anxious caretakers want removed. Anthropologists mark 100 years of the iconic playground equipment by arguing that risky play exercises a biological need passed on from apes and early humans for children to independently test and expand their physical and cognitive abilities in a context in which injury is possible but avoidable.

      

      
        Boosting brain protein levels may slow decline from Alzheimer's
        A study found that new monoclonal antibody drugs for Alzheimer's may slow cognitive impairment through boosting levels of a specific protein in the brain.

      

      
        Sterilization rates among women rose after U.S. Supreme Court abortion ruling
        Researchers found an increase in surgical sterilization among women after the U.S. Supreme Court overturned the constitutional right to abortion.

      

      
        Brain-wide decision-making dynamics discovered
        Neuroscientists have revealed how sensory input is transformed into motor action across multiple brain regions in mice. The research shows that decision-making is a global process across the brain that is coordinated by learning. The findings could aid artificial intelligence research by providing insights into how to design more distributed neural networks.

      

      
        Atypical metabolite levels at birth may increase SIDS risk
        Newborns who had an atypical pattern of metabolites were more than 14 times as likely to die of sudden infant death syndrome (SIDS), compared to infants who had more typical metabolic patterns, according to a new study. Metabolites are molecules produced by the body's various chemical reactions. Researchers found that infants who died of SIDS had a specific pattern of metabolites compared to infants who lived to their first year. The researchers believe that checking for this pattern could provid...

      

      
        Researchers combine the power of AI and the connectome to predict brain cell activity
        With maps of the connections between neurons and artificial intelligence methods, researchers can now do what they never thought possible: predict the activity of individual neurons without making a single measurement in a living brain.

      

      
        Can chatbots help with genetic testing for cancer risk?
        Demand for cancer genetic testing is on the rise, but there's not enough genetic counselors to guide patients through the process. Researchers say chatbots could be the answer.

      

      
        Variety is the spice of learning, memory study suggests
        Researchers found that older adults learned a memory task best after practicing multiple related tasks, suggesting that diverse cognitive training supports mental sharpness as we age.

      

      
        Unaffordable food putting mums-to-be at risk
        Pregnant women who have limited access to affordable, nutritious, and healthy foods have a higher chance of developing both physical and mental health problems and their baby's weight is at risk.

      

      
        Games, puzzles and reading can slow cognitive decline in the elderly -- even in those with mild cognitive impairment
        Findings from a new study suggest that older people with mild cognitive impairment who engage in high levels of activities such as word games and hobbies have better memory, working memory, attention and processing speed than those who do not.

      

      
        An antidiabetic helps the immune system recognize reservoirs of HIV
        Metformin, a drug used to treat type 2 diabetes, could help deplete the viral reservoir and eliminate it entirely in people living with HIV who receive antiretroviral therapy.

      

      
        Like father, like daughter
        When they become fathers, men who have an unhealthy, high-cholesterol diet can cause increased risk of cardiovascular disease, or CVD, in their daughters, a mouse study has found.

      

      
        Women with asthma are more likely to miscarry and need fertility treatment
        Women who are being treated for asthma are more likely to miscarry and need fertility treatment to get pregnant, according to a large study. However, the study also suggests that most women with asthma are able to have babies.

      

      
        Long-term exercisers have 'healthier' belly fat
        People with obesity who are long-time exercisers have healthier belly fat tissue and can store fat there more effectively than nonexercisers with obesity, according to a new study.

      

      
        Gene therapy effective in hereditary blindness
        Bothnia dystrophy is a form of hereditary blindness, prevalent in the region Vasterbotten in Sweden. A new study shows that gene therapy can improve vision in patients with the disease.

      

      
        Conscientiousness, not willpower, is a reliable predictor of success
        According to two psychologists, the field of psychological science has a problem with the concept of self-control. It has named self-control both a 'trait' -- a key facet of personality involving attributes like conscientiousness, grit and the ability to tolerate delayed gratification -- and a 'state,' a fleeting condition that can best be described as willpower. These two concepts are at odds with one another and are often confused, the authors report.

      

      
        Researchers identify new tools for anti-Acinetobacter drug development and AMR preparedness
        Researchers have engineered a library of strains that can be used to develop new antibacterial compounds to help address antimicrobial resistance (AMR) in Acinetobacter baumannii bacteria.

      

      
        Novel bone cancer therapy has 99% success rate, tests show
        Bioactive glasses, a filling material which can bond to tissue and improve the strength of bones and teeth, has been combined with gallium to create a potential treatment for bone cancer. Tests in labs have found that bioactive glasses doped with the metal have a 99 percent success rate of eliminating cancerous cells and can even regenerate diseased bones.

      

      
        Early exposure to diverse faces helps babies overcome prejudices later in life
        Babies who have more diverse social contacts in the first years of their life can get over their prejudices more easily by the age of 17, according to new research.

      

      
        Towards a better understanding of epigenetics and dynamic gene silencing and reactivation
        Epigenetics, the dynamic regulation of genetic expression, involves complex molecular mechanisms. While the process of gene silencing by methylating the H3K27 position in histones is understood, not much is known about how to turn on the silenced gene. To this end, researchers recently investigated the epigenetic behavior of a model plant organism. Their findings reveal a highly conserved family of proteins responsible for dynamic gene activation and de-activation, bolstering our knowledge of epi...

      

      
        Study identifies areas of Europe at risk from dengue fever due to spread of Asian tiger mosquito
        As Europe grapples with the growing threat of tropical diseases brought by the Asian tiger mosquito, new research is enabling scientists to accurately predict towns across the continent where there is a high risk of dengue fever.

      

      
        Experimental blood test predicts risk for developing COPD, other severe respiratory diseases
        A scientific team has created a preclinical blood test to identify adults most likely to develop severe respiratory conditions, including chronic obstructive pulmonary disease (COPD). The blood test analyzes 32 proteins that scientists determined accurately predicted an adult with an increased likelihood for requiring medical care for or dying from severe respiratory illness. The risk score was based on lung health data collected from nearly 2,500 U.S. adults over a 30-year period.

      

      
        Girls may start puberty early due to chemical exposure
        Girls exposed to certain endocrine-disrupting chemicals (EDCs) may be more likely to start puberty early, according to new research. EDCs mimic, block or interfere with hormones in the body's endocrine system.

      

      
        Delayed feedback enhances learning performance in individuals with traumatic brain injury, study indicates
        Researchers have published a novel study exploring the effects of delayed feedback on learning in individuals with moderate-to-severe traumatic brain injury. The goal of this study was to assess the effects of delayed vs. immediate performance feedback on learning in individuals with TBI and to examine the associated brain networks.

      

      
        Pressure sensing by muscles is a promising new target for treatments
        A new study shows that the body's muscles sense mechanical pressure. This new discovery has important implications for movement neuroscience and may improve the design of training and rehabilitation to relieve stiff muscles.

      

      
        Pausing biological clock could give boost to lab-produced blood stem cells
        A research team has discovered when and why inflammatory signaling affects the formation of blood stem cells in embryos, which will benefit efforts to develop lab-grown, patient-derived stem cell transfusions to treat blood disorders. The promising advancement in regenerative medicine could eliminate the need for bone marrow transplants.

      

      
        New AI can ID brain patterns related to specific behavior
        Scientists have developed a new AI algorithm that can separate brain patterns related to a particular behavior. This work promises to improve brain-computer interfaces and aid with the discovery of new brain patterns.

      

      
        Framing climate action as patriotic and status-quo friendly increases liberals' and conservatives' belief in climate change
        A new psychology study shows that framing the need to address climate change as patriotic and as necessary to preserve the American 'way of life' can increase belief in climate change and support for pro-environmental policies among both groups.

      

      
        Sickle cell patients who receive Lactated Ringer's solution for painful episodes experienced significant improvements
        Sickle cell disease is a common genetic disorder characterized by periodic occurrences of pain which happen repeatedly through life. These episodes, referred to as a vaso-occlusive episodes, happen when sickled cells obstruct blood vessels. The degree of pain may range from a mild discomfort to a severe disabling pain where the person needs treatment in hospital. A new study has found that hospital-admitted patients who received the fluid Lactated Ringer's, a solution used to replace water and el...

      

      
        Urate transporter structures reveal the mechanism behind important drug target for gout
        Ten structures of URAT1 obtained by scientists provide a deep understanding of the mechanism of urate transport to guide gout therapeutic design.

      

      
        Effective new gene therapy to treat multiple sulfatase deficiency
        Researchers tested a preclinical model for an experimental gene therapy designed to treat multiple sulfatase deficiency (MSD), a disorder that affects the brain, lungs, skin, and skeleton with no currently approved treatments. The findings demonstrated several improvements in outcomes, paving the way for future translation into clinical trials.

      

      
        Belief in academic ability key factor in academic success for low-income students
        A strong belief in their own academic ability can help children from low-income families defy the odds and achieve academic success, according to new research.

      

      
        How the scars of demolished brain tumors seed relapse
        A study has discovered that recurrent tumors of the aggressive brain cancer glioblastoma multiforme (GBM) grow out of the fibrous scars of malignant predecessors destroyed by interventions such as radiotherapy, surgery and immunotherapy.
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Avian flu found in wastewater of 10 Texas cities through virome sequencing | ScienceDaily
Avian influenza A(H5N1) virus, which spread to cattle and infected 14 people this year, was detected using virome sequencing in the wastewater of 10 Texas cities by researchers at UTHealth Houston and Baylor College of Medicine. The virome is the collection of viruses in a sample, in this case a wastewater sample.


						
The information was published in the New England Journal of Medicine.

Until March 2024, H5N1 had not been detected in 1,337 wastewater samples analyzed by the team. But from March 4 to July 15 (the end of data collection for this article), H5N1 was detected in 10 of 10 cities, 22 of 23 sites, and 100 of 399 samples. However, the abundance of H5N1 in wastewater samples collected over time did not correlate with influenza-related hospitalizations over the same time period, so the risk to the public was extremely low.

UTHealth Houston and Baylor established the wastewater testing program as part of the Texas Epidemic Public Health Institute (TEPHI).

The sequencing protocol used by the team can detect genetic changes that might indicate an adaptation of the virus to mammals, perhaps even humans. Lack of clinical burden in humans and genomic information suggested that the source of the virus load found in wastewater during that time span came from animal origins. But continued surveillance is critical for monitoring any evolutionary adaptations that would indicate the potential for it to jump to humans, the researchers concluded.

Lead authors of the journal letter were Michael J. Tisza, PhD, assistant professor of molecular virology and microbiology at Baylor; Blake Hanson, PhD, assistant professor in the Center for Infectious Diseases at UTHealth Houston School of Public Health; Eric Boerwinkle, PhD, director of TEPHI and the dean, Kozmetsky Family Chair in Human Genetics, and M. David Low Chair in Public Health of the School of Public Health; and Anthony W. Maresso, PhD, the Joseph L. Melnick Chair of Virology at Baylor. Boerwinkle and Hanson are also members of The University of Texas MD Anderson Cancer Center UTHealth Houston Graduate School of Biomedical Sciences.

The team detects viruses in wastewater by using a viral probe capture set targeting thousands of viral species or variants. Since May 2022, TEPHI has detected more than 400 human and animal viruses, several of which (SARS-CoV-2, influenza, and mpox) have correlated to clinical case data in the population.

Letter co-authors from UTHealth Houston included Kristina Mena, PhD, the Jane Dale Owen Chair in Environmental Health Protection; Anna Gitter, PhD; Fuqing Wu, PhD; Janelle Rios, MPH, PhD; and Jennifer Deegan, MPAff. From Baylor College of Medicine: Justin Clark, PhD; Li Wang, MD, PhD; Katelyn Payne, BS, Matthew Ross, PhD; Sara Javornik Cregeen, PhD; Juwan Cormier, PhD; Vasanthi Avadhanula, PhD; Austen Terwilliger, PhD; Pedro Piedra, MD; Joseph Petrosino, PhD. John Balliew, with the El Paso Water Utility, was also a co-author.
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New insights could help prevent psychosis relapses in youth and young adults | ScienceDaily
New findings from McGill University researchers could help clinicians understand the course of delusions in youth and young adults that signal the need for a timely intervention to prevent a full relapse of psychosis.


						
Delusions -- strong beliefs that don't align with commonly accepted reality -- are a defining symptom of psychosis but are not sufficiently understood.

For the first time, researchers studied whether delusion themes, such as paranoia or grandiosity, stay the same or shift between psychotic episodes in youth and young adults undergoing early intervention treatment.

The importance of timely treatment

Notably, most patients did not relapse at all following their first episode, showing the efficacy of early intervention and highlighting the need for improved access, said the researchers. An estimated 75 per cent of children with mental disorders do not use specialized treatment services, according to Youth Mental Health Canada.

"Early intervention is essential if we want to give young people the best chance at lasting recovery," said lead author Gil Grunfeld, a recent master's graduate from McGill's Department of Psychiatry and a current doctoral student at Boston University.

Detecting patterns in delusions

The study, published in Jama Psychiatry, found that in the less likely instances of relapse, patients almost always had the same type of delusion as their first episode.




"The return of similar narratives potentially suggests the mind may be reflecting the same patterns seen in earlier episodes," said Grunfeld.

"Recognizing this pattern of delusions in those who go on to relapse could help clinicians understand the experience of their patients and adjust the care they provide," said Dr. Jai Shah, an Associate Professor in McGill's Department of Psychiatry and a researcher at the Douglas Hospital Research Centre.

Delusions often persisted even as other symptoms improved, suggesting delusions may require different treatment strategies, he added.

"Delusions are often highly distressing and difficult to define, which makes closing the gap in research all the more crucial. There is a great deal of future work to be done," said Grunfeld.

The researchers followed about 600 patients ages 14 to 35 for up to two years. All were receiving treatment at an early-intervention service for psychosis in Montreal.

The study was funded by the Fonds de Recherche du Quebec-Sante, the Canadian Institutes of Health Research, the Canada Research Chairs program and the McGill University Faculty of Medicine and Health Sciences.
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New, rare type of small cell lung cancer identified | ScienceDaily
A team of doctors and researchers at Memorial Sloan Kettering Cancer Center (MSK) have identified a new, rare type of small cell lung cancer that primarily affects younger people who have never smoked.


						
Their findings, which include a detailed analysis of the clinical and genetic features of the disease, also highlight vulnerabilities that could help doctors make better treatment decisions for people diagnosed with it.

"It's not every day you identify a new subtype of cancer," says Natasha Rekhtman, MD, PhD, an MSK pathologist specializing in lung cancer and the first author of a paper published August 26 in Cancer Discovery presenting the team's analysis. "This new disease type has distinct clinical and pathological features, and a distinct molecular mechanism."

The study brought together the expertise of 42 physicians and researchers across MSK -- from the doctors who treat lung cancer and the pathologists who evaluate cells and tissues to make a diagnosis, to specialists in tumor genetics and computational analysis.

"Understanding this new type of lung cancer required a broad spectrum of expertise from the laboratory to the clinic," says Charles Rudin, MD, PhD, a lung cancer specialist and the study's senior author.

Defining a New Lung Cancer Subtype: Atypical Small Cell Carcinoma

Small cell lung cancer (SCLC) is relatively rare to begin with, accounting for 10% to 15% of all lung cancers, according to the American Cancer Society. And the newly discovered subtype accounts for just a fraction of those. Out of 600 patients with SCLC whose cancers were analyzed for the study, only 20 people (or 3%) were found to have the rare subtype.




SCLC is normally characterized by the deactivation of two genes that protect against the development of cancer -- RB1 and TP53 -- but patients with the new subtype have intact copies of those genes. Instead, most carried a signature "shattering" of one or more of the chromosomes in their cancer cells, an event known as chromothripsis.

The new subtype appears to arise through a transformation of lower-grade neuroendocrine tumors (pulmonary carcinoids) into more aggressive carcinomas. The research team has dubbed the new type "atypical small cell lung carcinoma."

"Patients who develop small cell lung cancer tend to be older and have a significant history of smoking," says Dr. Rudin, the Deputy Director of MSK's Cancer Center. "The first patient we identified with atypical SCLC, and whose case led us to look for more, was just 19 years old and not a smoker."

This held true for the others with the subtype as well. The mean age at diagnosis was 53 -- which is considered young; the average age for a lung cancer diagnosis is 70. Sixty-five percent of these patients were never smokers, while 35% reported a history of light smoking (less than 10 pack-years).

Treating Atypical Small Cell Lung Carcinoma

The analysis also found that the unique genomic changes that give rise to atypical SCLC mean that standard, first-line, platinum-based chemotherapies don't work as well. And their findings point toward some treatment strategies that may work better.

"We often talk about cancer as an ongoing buildup of mutations," Dr. Rekhtman says. "But this cancer has a very different origin story. With chromothripsis, there's one major catastrophic event that creates a Frankenstein out of the chromosome, rearranging things in a way that creates multiple gene aberrations, including amplification of certain cancer genes."

That's why patients with atypical SCLC may benefit, for example, from investigational drugs that target the unusual DNA structures that result from chromothripsis, known as extrachromosomal circular DNA, the researchers note.
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Light pollution a new Alzheimer's risk factor | ScienceDaily
Outdoor light at night could be a significant risk factor in Alzheimer's disease, according to new research from Rush.


						
While light pollution is associated with increased risk of some disorders and diseases, this is the first time it had been associated with Alzheimer's disease.

The study was conducted at Rush University System for Health and published in Frontiers in Neuroscience.

"Our research shows that there is an association in the U.S. between Alzheimer's disease prevalence and exposure to light at night, particularly in those under the age of 65," said lead investigator, Robin Voigt-Zuwala, PhD, an associate professor?at Rush. "Nightly light pollution -- a modifiable environmental factor -- may influence risk for Alzheimer's."

High U.S. light levels

While legislation in some states aims to reduce light pollution, levels of nighttime light remain high in many parts of the country.

In studying light pollution maps, researchers looked at the lower 48 states and incorporated medical data associated with Alzheimer's disease risk factors and divided the groups by light intensity. In the five groups, they found that light intensity was correlated with Alzheimer's disease prevalence even when some well-established disease factors were not.




While the cause is unknown, higher nighttime light intensity was associated with a greater Alzheimer's disease prevalence than any other risk factor examined in the study for those under the age of 65, suggesting that younger people may be more sensitive to the effects of light exposure at night.

"Certain genes can influence early-onset Alzheimer's,and these same genes may cause increased vulnerability to the effects of nighttime light exposure," Voigt-Zuwala explained. "Additionally, younger people are more likely to live in urban areas and have lifestyles that may increase exposure to light at night."

Reducing light exposure

Exposure to light influences the body's natural sleep-wake pattern, which is called a circadian rhythm. Exposure to light at night can disrupt a person's circadian rhythm, which can promote inflammation and make a person less resilient and more prone to disease. Researchers did not examine light inside the home at night or how it might impact health.

Voigt-Zuwala said, "The good news is that simple changes can be made with minimal effort to reduce exposure to light at night -- adding black out curtains or sleeping with an eye mask."

The research results are limited to a subset of the population and further testing is needed to better understand the connection between evening outdoor light and Alzheimer's disease.
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Human 'molecular map' contributes to the understanding of disease mechanisms | ScienceDaily
Scientists at Weill Cornell Medicine in Qatar (WCM-Q) have created an intricate molecular map of the human body and its complex physiological processes based on the analysis of thousands of molecules in blood, urine and saliva samples from 391 volunteers. The data was integrated to create a powerful, interactive visual web-based tool called Connecting Omics (COmics) that can be used to investigate the complex molecular make-up of humans and discover underlying traits associated with various diseases.


						
The molecular processes of the human body refer to the chemical reactions and interactions occurring within cells and between different cells, including crucial functions like DNA replication, protein synthesis, energy production, cellular communication and various metabolic pathways, all governed by complex protein-protein, protein-DNA, and protein-RNA interactions, ultimately enabling the body's vital functions.

The exhaustive study, published Aug. 19 in Nature Communications, collated 12 years of data from the Qatar Metabolomics Study of Diabetes (QMDiab), a diabetes case-control study in the multiethnic population of Qatar, predominantly Arab, Filipino and Indian backgrounds.

"Our idea was to bring together everything we have learned over more than a decade of multiomics research to create a comprehensive molecular model of the human body and its processes," said senior author Dr. Karsten Suhre, professor of physiology and biophysics and a member of the Englander Institute of Precision Medicine. "This reference tool is free to access and use by researchers who want to investigate how the human body works at the molecular level and also for the formation of hypotheses to test with experimentation."

Through a collaboration with Hamad Medical Corporation, the researchers had collected multiple aliquots of blood, urine and saliva samples from volunteers, with and without diabetes. The samples were subsequently characterized on 18 different high-throughput analysis platforms, providing an extremely rich dataset including 6,300 individual molecular data points including genomic data (DNA), transcriptome (RNA), proteins and metabolites, such as amino acids, sugars and fats. In addition, they determined information on genetic variants, DNA methylation sites and gene expression for each of the participants.

This allowed the researchers to discover associations and pathways linking genetic characteristics with specific proteins, metabolic processes and diseases. They then painstakingly integrated the mass of data from all the individuals into an online web-based tool serving as the interface to 'The Molecular Human,' the molecular description of the human body.

The approach of combining genomic, transcriptomic, metabolomic, proteomic and other forms of so-called '-omics' research is known as 'multiomics.' This approach has emerged in recent years as a key strategy for biomedical researchers seeking to understand how the human body and diseases truly function, providing insights that could potentially enable the development of new drug therapies.

For instance, the study identified and described the proteins and metabolites which are signatures of subtypes of type 2 diabetes, shedding light on the different ways the disease manifests.

"Our integrative omics approach provides an overview of the interrelationships between different molecular traits and their association with a person's phenotype -- their observable traits, such as their physical appearance, biochemical processes and behaviors," said first author Dr. Anna Halama, assistant professor of research in physiology and biophysics. "The scale of the data integrated within the COmics web-tool enables access to hundreds of thousands of pathways and associations for researchers to explore, giving huge potential for discovery and investigation.
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Can having a stroke change your sleep? | ScienceDaily
People who have had a stroke may be more likely to sleep too much or too little compared to those without prior stroke, according to a study published in the September 11, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology. The study does not prove that stroke causes abnormal sleep; it only shows an association.


						
"Sleeping the right amount is considered essential for ideal brain and heart health," said study author Sara Hassani, MD, of Duke University School of Medicine in Durham, North Carolina, and member of the American Academy of Neurology. "We know that abnormally long or short sleep after stroke can affect recovery and deteriorate quality of life, so these results should prompt us to screen for these issues and look at how we can help people improve their sleep habits."

The study involved 39,559 people. Of the group, 1,572 people had a stroke and 37,987 people did not have a stroke.

Every two years, participants were asked how much sleep they usually get at night on weekdays or workdays. Sleep duration was divided into three categories: short, less than six hours; normal, six to eight hours; and long, eight or more hours of sleep.

Researchers looked at how often participants had normal sleep, defined as six to eight hours.

Normal sleep duration was less common for people who had a stroke than for those with no prior stroke for all age groups with 32% vs. 54% for people age 18-44; 47% vs. 55% for people age 45-64; and 45% vs. 54% for people over age 65.

After adjusting for factors that could affect sleep such as age, weight and high blood pressure, researchers found people who had a stroke were 54% more likely to report more than eight hours of sleep per night compared to those without stroke. Those with stroke were 50% more likely to get less than six hours of sleep per night when compared to those without stroke.

"In previous research, stroke has been linked to abnormal sleep, in particular sleep apnea," said Hassani. "Conditions like insomnia and excessive sleepiness are common in stroke patients and may occur as a direct or indirect consequence of stroke itself. Future research should explore the links between stroke and duration of sleep and determine the effect of sleep duration on outcomes after stroke."

A limitation of the study was that hours of sleep were self-reported, so participants may not have remembered accurately how much they slept.

The study was supported by the James and Dorothy Williams Stroke Scholarship.
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How many people have A-Fib? Three times more than we thought | ScienceDaily
Atrial fibrillation, a rapid, irregular heart beat that can lead to stroke or sudden death, is three times more common than previously thought, affecting nearly 5% of the population, or 10.5 million U.S. adults, according to new estimates from UC San Francisco.


						
A-Fib, as the condition is commonly known, has been on the rise for at least the past decade, driven by the aging of the population, along with increasing rates of hypertension, diabetes and obesity. Earlier projections had estimated that 3.3 million U.S. adults had atrial fibrillation, but these have not been updated in more than two decades.

The study appears Sept. 11 in JACC.

"Atrial fibrillation doubles the risk of mortality, is one of the most common causes of stroke, increases risks of heart failure, myocardial infarction, chronic kidney disease and dementia, and results in lower quality of life," said first author Jean Jacques Noubiap, MD, PhD, a postdoctoral scholar at UCSF with a specialty in global cardiovascular health.

"Fortunately, atrial fibrillation is preventable, and early detection and appropriate treatment can substantially reduce its adverse outcomes," he said.

Rising numbers reflect need for better prevention and treatment 

UCSF investigators reviewed the medical records of nearly 30 million adult patients who received some form of acute or procedural care in California from 2005 to 2019. About 2 million of these people had been diagnosed with A-Fib, and the numbers grew over time, rising from 4.49% of the patients treated between 2005 and 2009 to 6.82% of the patients treated between 2015 and 2019.




The data were standardized to reflect the entire country, and researchers estimated the current national prevalence to be at least 10.55 million. They also found that during the study timeframe, A-Fib patients skewed younger, were less likely to be female and more likely to have hypertension and diabetes.

A-Fib has a broad spectrum of complications from shortness of breath and light-headedness to blood clots, stroke and even heart failure. Studies have shown that people with A-Fib are up to 5 times more likely to have a stroke. The authors said that by outlining the scope of the problem, these new estimates can help guide health care planning, resource allocation and public health interventions.

"Physicians recognize that atrial fibrillation is often encountered in essentially every field of practice," said senior and corresponding author Gregory M. Marcus, MD, MAS, a cardiologist and electrophysiologist at UCSF Health. "These data provide objective evidence to demonstrate that prior projections severely underestimated how common it truly is."

Digital technologies may reveal it is even more common than the current analysis indicates.

"With the growing use of consumer wearables designed to detect atrial fibrillation combined with safer and more effective means to treat it, this current prevalence of atrial fibrillation in health care settings may soon be dwarfed by future healthcare utilization that will occur due to the disease," Marcus said.

Authors: The other authors are Janet J. Tang, PhD, MPH; Justin T. Teraoka; and Thomas A. Dewland, MD, all of UCSF's Division of Cardiology.

Funding: The study was supported by the NIH/NHLBI (R01HL158825-01).
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Self-medicating gorillas and traditional healers provide clues for new drug discovery | ScienceDaily
Four plants consumed by wild gorillas in Gabon and used by local communities in traditional medicine show antibacterial and antioxidant properties, find Leresche Even Doneilly Oyaba Yinda from the Interdisciplinary Medical Research Center of Franceville in Gabon and colleagues in a new study publishing September 11 in the open-access journal PLOS ONE.


						
Wild great apes often consume medicinal plants that can treat their ailments. The same plants are often used by local people in traditional medicine.

To investigate, researchers observed the behavior of western lowland gorillas (Gorilla gorilla gorilla) in Moukalaba-Doudou National Park in Gabon and recorded the plants they ate. Next, they interviewed 27 people living in the nearby village of Doussala, including traditional healers and herbalists, about the plants that were used in local traditional medicine. The team identified four native plant species that are both consumed by gorillas and used in traditional medicine: the fromager tree (Ceiba pentandra), giant yellow mulberry (Myrianthus arboreus), African teak (Milicia excelsa) and fig trees (Ficus). They tested bark samples of each plant for antibacterial and antioxidant properties and investigated their chemical composition.

The researchers found that the bark of all four plants had antibacterial activity against at least one multidrug-resistant strain of the bacterium Escherichia coli. The fromager tree showed "remarkable activity" against all tested E.coli strains. All four plants contained compounds that have medicinal effects, including phenols, alkaloids, flavonoids, and proanthocyanidins. However, it's not clear if gorillas consume these plants for medicinal or other reasons.

Biodiverse regions, such as central Africa, are home to a huge reservoir of unexplored and potentially medicinal plants. This research provides preliminary insights about plants with antibacterial and antimicrobial properties, and the four plants investigated in this study might be promising targets for further drug discovery research -- particularly with the aim of treating multidrug-resistant bacterial infections.

The authors add: "Alternative medicines and therapies offer definite hope for the resolution of many present and future public health problems. Zoopharmacognosy is one of these new approaches, aimed at discovering new drugs."
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Newly discovered antimicrobial could prevent or treat cholera | ScienceDaily
More than a million people each year die from infections by pathogens that are resistant to antimicrobials, and the problem is growing. Meanwhile, the discovery of new antimicrobials that can help stem the tide has not kept pace.


						
Researchers at The University of Texas at Austin see promise in a class of natural antimicrobials called microcins, which are produced by bacteria in the gut and help them compete with rival bacteria. In a pair of recent papers, the researchers identify the first known microcin that targets the strains of bacteria that cause cholera and describe a method for finding microcins in bacterial genomes with the help of artificial intelligence.

"Imagine one day eating yogurt containing probiotic strains of bacteria that produce microcins to prevent or treat cholera, pathogenic E. coli, inflammatory bowel disease or colon cancer," said Bryan Davies, professor of molecular biosciences and a senior author on both papers. "The idea is to put in healthy bacteria that would then be able to continually make microcins in the gut to fight off the pathogen of interest."

The cholera research, published in Cell Host & Microbe, was led by Sun-Young Kim, a Ph.D. candidate at UT.

Cholera, the deadly diarrheal disease caused by Vibrio cholerae bacteria, causes severe dehydration and can kill in just a few hours. According to the World Health Organization, each year cholera is responsible for 21,000 to 143,000 deaths worldwide. Another type of gut bacteria is thought to trigger flare-ups of inflammatory bowel disease. And still another type of gut bacteria is associated with the progression of colon cancer. Each is a potential target for microcins.

Microcins are highly selective, meaning they usually target specific bacteria, unlike traditional antibiotics that broadly kill desirable and undesirable bacteria alike. This means they could potentially remove unwanted bacteria without disturbing the delicate balance of the human gut microbiome crucial to overall health. And because their mechanism of action is different from that of traditional antibiotics, they can still be effective against pathogens that have developed antibiotic resistance.

It's hard to locate microcins in a bacteria's genome because their genetic sequences are very short and diverse. So instead, the team began searching V. cholerae genomes for a larger protein called PCAT, which is associated with microcins and helps export them out of the bacteria that produces them so they can reach other bacteria. It's like when you use a landmark in your neighborhood to help friends find your house ("I'm two doors down from the fire station.").




The researchers found about two dozen candidate microcins, all from nonpathogenic strains of V. cholerae. They showed that one of these microcins, dubbed MvcC, kills pathogenic V. cholerae strains. In other words, it's a natural weapon that one bacterial strain uses to outcompete its close cousins.

"You have bacteria in your gut right now making microcins," Davies said. "They're a natural part of how your bacterial communities organize and compete."

So how do V. cholerae strains that produce microcins not poison themselves?

The researchers discovered that the strains of V. cholerae that produce microcins also produce a kind of antidote, called an immunity protease. They demonstrated that -- in mice whose guts were infected with pathogenic and nonpathogenic strains of V. cholerae -- the bacteria that expressed microcins outcompeted the strains that did not.

The researchers plan to continue the cholera work in three ways:
    	Mutating their anti-Vibrio microcin MvcC to be more lethal to V. cholerae and better able to resist degradation in the human body.
    	Developing combinations of different anti-Vibrio microcins to prevent the development of antimicrobial resistance.
    	Finding which microcin-producing bacterial strains are best at producing and delivering microcins to pathogens in the gut.

In a related paper that will be published soon in a peer-reviewed journal and is available as a preprint, the researchers describe a new AI-based approach to finding more candidate microcins. The approach uses protein LLMs -- biological analogs to the generative AI large language models behind chatbots such as ChatGPT -- to find sequences that are similar to known microcins. This is one of several AI-based approaches the team is experimenting with that they hope will lead to more microcin discoveries.

"Microcin biology is very unique and extremely understudied," said Claus Wilke, a UT professor of integrative biology and statistics and data sciences, and a co-author on the forthcoming paper. "And so, it's a good field to be in, where there's still a lot to be done and to be discovered."

This research was supported by The Welch Foundation, the National Institutes of Health, the U.S. Army Research Office, the Winkler Family Foundation and Tito's Handmade Vodka.
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Genes with strong impact on menopause timing also link to cancer risk | ScienceDaily
New research has found four genes with some of the largest known effects on the timing of menopause discovered to date, providing new insight into links between menopause timing and cancer risk.


						
Genes come in pairs, and when women only have one working copy of the four new genes identified (ETAA1, ZNF518A, PNPLA8, PALB2), they have menopause between two and five-and-a-half years earlier than average.

Published in Nature, the large-scale analysis was funded by the Medical Research Council and Wellcome. The team first looked at variation in data from genetic sequencing of 106,973 post-menopausal female participants in the UK Biobank study. Researchers focussed on rare types of genetic changes which cause a loss of the protein, and investigated their effect on the timing of menopause.

The genetic changes studied are all rare in the population, however their influence on menopause is five times greater than the impact of any previously identified common genetic variant. The strongest effect was found from gene variants in ZNF518A, only found in one in 4,000 women. These variants shortened reproductive lifespan more than most previously identified genes.

Discovering the effect of the genes gives scientists a better understanding of the biological mechanisms underpinning menopause, and links to other diseases.

Study co-lead Professor Anna Murray, of the University of Exeter Medical School, said: "For decades, menopause has been under-researched, yet now this is a rapidly evolving area of science. The timing of menopause has a huge impact on women as they plan their careers and lives, and understanding the genetic changes is of particular interest in terms of potential treatments that could prolong reproductive life in future."

When unrepaired DNA damage occurs in eggs, they can die. The rate at which eggs are lost determines when women experience menopause. The team's previous work has shown that many genes that influence the timing of menopause are likely to do this by affecting the genetic integrity of eggs. The same factors affect other cells and tissue types in parallel, and in this new study, the team found that many of the genes linked to menopause timing are also risk factors for cancer. These include changes in the BRCA1 and BRCA2 genes, which result in earlier menopause and also in increased risk of cancer.




This is thought to be the process at play in a fifth new gene linked to menopause timing (SAMHD1). The team discovered that changes in this gene can cause women to go through menopause over a year later than average. The researchers also found for the first time that changes in this gene cause predisposition to various cancers in men and women.

Professor John Perry, co-lead from the MRC Epidemiology Unit at the University of Cambridge added: "Past research suggests the female ovary ages at a faster rate than other organ in the body, and this is a model system for understanding the biology of broader ageing. Our latest research builds on this concept, demonstrating that studying ovarian ageing will not only lead to a better understanding of the biology behind infertility and other reproductive disorders, but will enhance our understanding of fundamental processes that regulate DNA damage and cancer risk in the general population."

Using data from the 100,000 Genomes project, led by Genomics England and NHS England, the team next found that mothers with a high number of genetic variants that cause earlier menopause tended to have more new changes in the DNA they passed onto their children. The study authors believe this is because the relevant genes are involved in repairing damage to DNA, so this function may be compromised in the ovaries, enabling new genetic changes to occur in the eggs.

Dr Hilary Martin, a study co-lead from the Wellcome Sanger Institute, said: "New changes to the DNA in the egg or sperm are the source of all genetic variation in humans, contributing to differences between individuals in their appearance, behaviours and risk of disease. Until now, we knew very little about what influences these new DNA changes, apart from parental age. This is the first time we've seen that existing common variation in DNA influences the rate of these changes."
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Clinical trials inappropriately excluding people of African/Middle Eastern descent, new research shows | ScienceDaily
Many clinical trials of new cancer drugs may be inappropriately excluding some people with "Duffy-null phenotype," a trait found predominantly in people of African or Middle Eastern descent, researchers at Dana-Farber Cancer Institute and Queen Mary University of London report in a new study.


						
The Duffy-null phenotype results in relatively lower levels of white blood cells called neutrophils when measured in the blood. This is not because they have less neutrophils overall, but because they are more frequently located in other body tissues. Tests that restrict clinical trial eligibility to patients with certain blood levels of neutrophils may therefore be unfairly discriminating against patients who could potentially benefit from trial therapies.

The failure to account for Duffy-null phenotype also means that recommendations for many standard cancer drugs inappropriately call for less-effective doses for some individuals, researchers say.

Tests that count neutrophils in a blood sample are performed to ensure that patients can safely be treated with chemotherapy or other anti-cancer drugs. Levels of neutrophils, white blood cells that kill bacteria and other foreign microbes, are often reduced by cancer drugs, potentially raising the risk of infection. For patients to qualify for a clinical trial or a standard dose of many cancer drugs, their neutrophil levels need to be above a certain threshold to ensure they will retain enough of these cells following treatment.

The threshold was established by studies conducted primarily in patients of European descent who rarely have the Duffy-null phenotype. Many healthy people with the Duffy-null phenotype (mostly people of African and Middle Eastern ancestry), however, normally have lower levels of neutrophils in their blood and relatively higher levels in their other tissues.

"Natural variation in neutrophil counts between people of different ancestry has been historically described by the inaccurate and now-outdated diagnosis 'benign ethnic neutropenia,'" says Stephen Hibbs of Queen Mary University of London, who led the study, published today by JAMA Network Open, and for which Dana-Farber's Andrew Hantel, MD is senior author. "But since this variation was discovered to be caused by the Duffy null phenotype, we need to re-examine the ways in which neutrophil count misinterpretation can affect patient care."

"People with the Duffy-null phenotype are equally able to fight off infections compared to others," Hantel says. "The concern is that they've been excluded from clinical trials because the neutrophil blood levels that are normal for them can fall below the cut-off points for trial participation. In this study, we explored the extent to which this occurs."

The researchers examined participation criteria for 289 major phase III trials of drugs for the five most prevalent cancers in the United States and United Kingdom: prostate, breast, colorectal, and lung cancer, and melanoma. The drugs included chemotherapy agents, targeted therapies, and hormonal therapies (which generally don't decrease neutrophil levels).




They found that 76.5% of the trials excluded patients whose blood neutrophil counts were in the normal range for people with the Duffy-null phenotype. The trials with the highest exclusion rate -- 86.4% -- were for patients with colorectal cancer. Even trials of hormonal cancer therapies -- which generally don't decrease neutrophil levels -- had a significant exclusion rate.

The researchers also examined the extent to which clinical trial protocols require that drug doses be modified for patients with lower neutrophil counts.

"The treatment guidelines set by the National Comprehensive Cancer Network, or NCCN, are based on the clinical trials in which those drugs were tested," Hantel explains. "If a trial stipulates that the dosage should be lowered or delayed if a patient's blood neutrophil count is below a certain level, doctors often use those modifications once the drug is approved as standard therapy. We know that in many cases, survival rates are lower for patients who receive lowered or delayed doses."

The researchers reviewed 71 clinical trials that led to NCCN recommended treatment regimens. They found that more than half required reducing the drug dose, delaying its administration, or stopping it if a participant's neutrophil count fell below a level that was still normal for people with the Duffy null phenotype. When they looked at recommended changed based on individual Food and Drug Administration labels for each therapy used, a similar rate of dose changes was seen.

"The effect of these recommendations is to inappropriately reduce the intensity of treatment for patients who would likely tolerate regular doses," Hantel says.

Based on their findings, the researchers recommend that clinical trials of cancer drugs allow entry to patients with lower, but normal-for-them neutrophil counts. "Everyone being screened for trial entry should be tested for the Duffy-null phenotype. If they are Duffy-null and their counts are in the reference range for that group, they should be admitted," Hantel remarks.




For current and future trials, the same principle should be used in determining whether trial participants require lower or delayed doses: people with Duffy-null phenotype whose neutrophils are in their healthy range should be eligible for full doses of the study drug. For trials that have already been completed, follow-up studies are needed to determine if administering full doses to people with Duffy-null phenotype and lower neutrophils counts are safe and effective, researchers say.

"Health inequity in cancer treatment and research has many causes, and some are more difficult to address than others. Neutrophil criteria for clinical trials and dose modifications are a hidden contributor to inequity that can be rectified. Now, action to amend these criteria is needed to ensure Duffy-null patients are not disadvantaged," said Hibbs.

The study was funded by the National Institutes of Health, the American Society for Clinical Oncology, and the Wellcome Trust.
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Researchers uncover shared cellular mechanisms across three major dementias | ScienceDaily
Researchers have for the first time identified degeneration-associated "molecular markers" -- observable changes in cells and their gene-regulating networks -- that are shared by several forms of dementia that affect different regions of the brain. Critically, the UCLA-led research, published in the journal Cell, also identified markers specific to different forms of dementia, and the combined findings represent a potential paradigm shift in the search for causes, treatments and cures.


						
"This work provides new insight into the mechanisms of neurodegeneration and identifies new candidate pathways for development of therapeutics," said senior and corresponding author Daniel Geschwind, MD, PhD, a professor of human genetics, neurology and psychiatry at the David Geffen School of Medicine at UCLA and director of the Institute for Precision Health at UCLA Health.

Previous studies have focused on a single disorder at a time. Called case-control studies, they compared "diseased" cells with normal ones and often just focused on one brain region. But in this research, the scientists also looked at molecular changes across three different forms of dementia that can involve "tau pathology," the accumulation of abnormal tau protein in vulnerable regions that differ across disorders.

They performed single-cell genomic analysis on more than 1 million cells to identify distinct and shared molecular markers in three related conditions: Alzheimer's disease, frontotemporal dementia (FTD) and progressive supranuclear palsy (PSP). In addition to validating changes previously observed in AD, they identify dozens of cell types whose changes are shared across multiple dementias and several cell types whose changes in disease were specific to a single disorder, many of which had not been previously identified.

"Different conditions have different patterns of degeneration. We reasoned that comparison across cases from different disorders, in addition to the typical case-control comparison, would be useful to identify shared components of neurodegeneration and to understand cell type-specific changes that underlie all these conditions," Geschwind said, adding that most studies profile only one brain region -- typically the frontal lobe.

"In dementia and neurodegenerative disease more generally, specific brain regions and cells are most vulnerable in each disease. This is what leads to the different symptoms and signs across disorders," Geschwind said. "Since regional vulnerability is a core feature of the disorders, we reasoned that studying more than one region would give new insights, and that was the case. In addition to identifying shared and distinct molecular markers, we showed how genetic risk relates to these disease-specific pathways that are altered in the brain." Using this study design, the investigators found four genes that marked vulnerable neurons across all three disorders, highlighting pathways that could be used to develop new therapeutic approaches.

First author Jessica Rexach, MD, PhD, an assistant professor in neurology and neurobehavioral genetics at the David Geffen School of Medicine at UCLA, said this work "profoundly shifted" her perspective on the mechanisms underlying disease susceptibility.




"It is remarkable and humbling to have identified several distinct molecular differences that set apart cells from individuals with one form of dementia from those with closely related diseases. Although these disease-specific differences were among the minority of the changes observed in diseased brains, they were strongly linked to heritability. This surprising finding opens new avenues for understanding why and how certain genes influence the risk of developing one brain disease over another closely related condition."

Combined, Alzheimer's, FTD and PSP affect more than 28 million people worldwide. Although Alzheimer's has been studied extensively, there is no cure, and existing, approved medications only slow disease progression. There are few clinical trials available for FTD and PSP.

"We have created an extensive data resource that paves the way for identifying and exploring new therapeutic candidates for neurodegenerative dementias," Rexach said. "We have pinpointed specific molecules that can now be advanced as potential novel regulators of disease in experimental systems -- importantly, grounded in primary human disease data. Additionally, we've uncovered unexpected conceptual phenomena that may explain why certain cells exhibit more resilience or vulnerability to disease, and we're eager to investigate these findings further."

The researchers:
    	Identified unique changes specific to Alzheimer's disease and demonstrated that several findings in Alzheimer's were also observed across the other disorders, identifying targets for therapeutic development.
    	Found that "cellular resilience programs" -- molecular mechanisms that support cells in response to injury -- activated or failed differently, when comparing the same cell types across disorders.
    	Were surprised to discover that each of the three disorders had changes in cells of the primary visual cortex -- the area of the brain that processes visual information and which was thought to be unaffected by dementia. In PSP, this discovery revealed previously unknown changes in brain cells called astrocytes.
    	Identified specific changes in the expression of certain tau-related genes and others in PSP. These appear to correlate with the unique pattern of brain cell degeneration that is observed in PSP.

The authors, who will next begin experiments to validate the causal nature of their findings, anticipate the study will inspire similar cross-disorder research.

"These data show that known risk genes act in specific neuronal and glial states or cell types that differ across related disorders. Moreover, causally associated disease states may be limited to specific cell types and regions," the Cell article concludes. "This underscores the importance of examining multiple brain regions to understand causal disease pathways at the cellular level, which we show provides a clearer picture of shared and disease-specific aspects of resilience and vulnerability to inform the therapeutic roadmap." The full list of authors is published with the Cell article.

Funding for this work was provided by Roche Pharmaceuticals (D.H.G., D.M.), BrightFocus (D.H.G., J.E.R), Rainwater Charitable Foundation (D.H.G. and W.W.S), NIH grants (K08 NS105916 (J.E.R), R01 AG075802 (J.E.R., L.T.G), 5UG3NS104095 (D.H.G)), and John Douglas French Alzheimer's Foundation (J.E.R.). The UCSF Neurodegenerative Disease Brain Bank is supported by NIH grants AG023501 and AG019724, the Rainwater Charitable Foundation, and the Bluefield Project to Cure bvFTD. The University of Pennsylvania Center for Neurodegenerative Disease Research is supported by NIH grant P01AG066597, P30AG072979 and U19AG062418.
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Risk of secondary cancers after CAR T therapy may be similar to risk after other cancer treatments | ScienceDaily
The frequency of second primary malignancies (SPMs) arising in cancer survivors following treatment with CAR T-cell therapy was statistically comparable to the frequency of SPMs following other standard-of-care therapies, according to a systematic review and meta-analysis.


						
In January 2024, the U.S. Food and Drug Administration (FDA) required labeling information for all currently available CAR T-cell therapies to include a boxed warning advising prescribers and patients of the potential risks of a secondary cancer arising after CAR T treatment. Specifically, the boxed warnings alert patients to the possibility of developing new T-cell cancers unrelated to the B-cell lymphoma or multiple myeloma for which the patients received CAR T.

The decision was based largely on data from the FDA Adverse Event Reporting System. However, some researchers have expressed concerns that the data may possess inherent biases, including reporting bias, Rejeski explained. When assessing SPM risk, it is important to account for confounders such as age and follow-up duration, the type of CAR T therapy received, the patient's initial diagnosis, or other types of treatment the patient may have been given before CAR T, Rejeski noted.

"Patients are reading this in the news and, appropriately, asking questions to providers," Rejeski said. "We need to understand the potential risks, but at the same time, we need to interpret the data cautiously and contextualize it for our patients."

Rejeski and colleagues performed a systematic review and meta-analysis of clinical studies in which adult patients with lymphoma or multiple myeloma received one of the six currently approved CAR T-cell therapies: idecabtagene vicleucel (Abecma), lisocabtagene maraleucel (Breyanzi), ciltacabtagene autoleucel (Carvykti), tisagenlecleucel (Kymriah), brexucabtagene autoleucel (Tecartus), or axicabtagene ciloleucel (Yescarta). To meet inclusion criteria, studies must have provided data on SPM occurrence for the entire follow-up period, which ranged from 6.6 months to 65.4 months. The final selection included 18 clinical trials and seven real-world studies consisting of a combined 326 SPMs in 5,517 patients.

After a median follow-up of 21.7 months, 5.8% of patients developed an SPM. The researchers did not find any significant differences in SPM rates between patients with different cancer types or between patients who received different CAR T-cell products.

Studies in which patients had received a median of more than three lines of therapy before CAR T reported a significantly higher risk of SPMs than studies in which patients received fewer than three prior lines of therapy. Similarly, the rate of SPMs was 4.2% among studies with a follow-up time below the median of 21.7 months and 8.5% among studies with a follow-up time above the median.




Out of 326 SPMs identified in this analysis, hematologic malignancies, including myelodysplastic syndrome and acute myeloid leukemia, accounted for the largest proportion of SPMs at 37%. Five cases were T-cell malignancies, a rate of 0.09% across the entire study population. In three of these cases, the malignant T cells were tested to determine if they contained the CAR transgene (an indicator that the malignancy may have arisen from CAR-edited cells), and one case tested positive.

Four of the clinical trials included in the study assessed the outcomes of patients treated with CAR T therapy in comparison to a standard-of-care regimen. In a total of 1,253 patients across these studies, the rate of SPMs was 5% among patients treated with CAR T and 4.9% among patients treated with the standard of care, a difference that was not statistically significant.

"These data do not suggest that there is an increased risk of SPMs relative to other standard-of-care therapies," Rejeski said. "I worry that the warning labels may intimidate patients who receive this therapy, which may not be entirely founded."

Rejeski further explained that the study's data may help identify specific factors that increase the risk of SPMs for patients who receive CAR T. For instance, the increased incidence of SPMs with increasing lines of prior treatment may reflect cumulative damage caused by several previous therapies, Rejeski said. He also stated that an increased risk with longer follow-up time may indicate a survivorship bias, meaning more patients may be developing SPMs because they are living long enough to do so.

"CAR T therapy is the first treatment in more than 20 years to show an overall survival benefit compared to the standard of care in refractory large B-cell lymphoma," Rejeski said. "I would strongly caution against withholding this therapy because of the miniscule risk of developing T-cell malignancies."

Rejeski emphasized that more work will be necessary to understand the specific contributions of CAR T-cell therapy to the development of SPMs and to better estimate each patient's risk on an individual level. He stressed that accurate reporting of SPMs across long-term follow-up periods, especially in clinical trials, will help tremendously with such research.

"We still need to be vigilant in understanding this adverse event, and that means we need to have clear reporting standards," Rejeski said.

Limitations of this study include the heterogeneity of the included data sets, as well as a lack of patient-level data about comorbidities and prior treatments that may influence an individual's risk of SPM.

Funding for this study was provided by the School of Oncology of the German Cancer Consortium, the Walter Benjamin Fellowship by the German Research Foundation, Arnold Ventures, the Else Kroner Forschungskolleg within the Munich Clinician Scientist Program, the Bruno and Helene Joster Foundation, the "CAR-T Control" translational group within the Bavarian Center for Cancer Research, and the National Cancer Institute of the National Institutes of Health. Rejeski has received research funding from Kite/Gilead; is a consultant for Kite/Gilead and Bristol Myers Squibb/Celgene; has received honoraria from Kite/Gilead, Bristol Myers Squibb/Celgene, and Novartis; and has received travel support from Kite/Gilead and Pierre Fabre.
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Scientists expand the genetic alphabet to create new proteins | ScienceDaily
It's a dogma taught in every introductory biology class: Proteins are composed of combinations of 20 different amino acids, arranged into diverse sequences like words. But researchers trying to engineer biologic molecules with new functions have long felt limited by those 20 basic building blocks and strived to develop ways of putting new building blocks -- called non-canonical amino acids -- into their proteins.


						
Now, scientists at Scripps Research have designed a new paradigm for easily adding non-canonical amino acids to proteins. Their approach, described in Nature Biotechnologyon September 11, 2024, revolves around using four RNA nucleotides -- rather than the typical three -- to encode each new amino acid.

"Our goal is to develop proteins with tailored functions for applications in fields spanning bioengineering to drug discovery," says senior author Ahmed Badran, PhD, an assistant professor of chemistry at Scripps Research. "Being able to incorporate non-canonical amino acids into proteins with this new method gets us closer to that goal."

For a cell to produce any given protein, it must translate a strand of RNA into a string of amino acids. Every three nucleotides of RNA, called a codon, correspond to one amino acid. But many amino acids have more than one possible codon; for instance, RNA reading the sequences UAU and UAC both correspond to the amino acid tyrosine. It's the job of small molecules called transfer RNAs (tRNAs) to link each amino acid to its corresponding codons.

Recently, researchers aiming to add completely new amino acids to a protein have created strategies to reassign a codon. For instance, the UAU codon could be linked to a new amino acid by changing the tRNA for UAU; this would result in UAU being read by the cell as corresponding to a building block other than tyrosine. But at the same time, every instance of UAU in the cell's genome would need to become UAC, in order to prevent the new amino acid from being integrated into thousands of other proteins where it doesn't belong.

"Creating free codons by whole genome recoding can be a powerful strategy, but it can also be a challenging undertaking since it requires considerable resources to build new genomes," says Badran. "For the organism itself, it can be difficult to predict how such codon changes influence genome stability and host protein production."

Badran and his colleagues wanted to create an efficient plug-and-play strategy that would only incorporate the chosen non-canonical amino acid(s) into specific sites in a target protein, without disrupting the cell's normal biology or requiring the entire genome to be edited. That meant using tRNA that wasn't already assigned to an amino acid. Their solution: a four-nucleotide codon.




The team knew that in a few situations -- such as bacteria quickly adapting to resist drugs -- four-nucleotide codons had naturally evolved. So, in their new work, the researchers studied what caused cells to use a codon with four nucleotides rather than three. They discovered that the identities of the sequences nearby to the four-base codon were critical -- frequently used codons enhanced how the cell could read a four-nucleotide codon to incorporate a non-canonical amino acid.

Badran's group then tested whether they could alter the sequence of a single gene so that it had a new four-nucleotide codon that would be correctly used by the cell. The method worked: When the researchers surrounded a target site with three-letter, frequently used codons and maintained sufficient levels of the four-nucleotide tRNA, the cell incorporated any new amino acid that was attached to the corresponding four-letter tRNA. The research team repeated the experiment with 12 different four-nucleotide codons and then used the technique to design more than 100 new cyclic peptides -- called macrocycles -- with up to three non-canonical amino acids in each.

"These cyclic peptides are reminiscent of bioactive small molecules that one might find in nature," says Badran. "By capitalizing on the programmability of protein synthesis and the diversity of building blocks accessible by this approach, we can create new-to-nature small molecules that will have exciting applications in drug discovery."

He adds that, compared with previous approaches to non-canonical amino acid incorporation, this new method is easy to use since it involves altering only one gene rather than a cell's entire genome. Additionally, more non-canonical amino acids could be used in a single protein since there are more possible four-nucleotide codons than three-nucleotide ones.

"Our results suggest that one can now easily and effectively incorporate non-canonical amino acids at diverse sites in a wide array of proteins," says Badran. "We're excited about these possibilities for our ongoing work and to provide this capability to the broader community."

He notes that the technique could be used to re-engineer existing proteins -- or create entirely new ones -- that have utility in a range of sectors, including medicine, manufacturing and chemical sensing.

This work was supported by funding from the National Institutes of Health (DP5-OD024590), the Research Corporation for Science Advancement, the Sloan Foundation (G-2023-19625), the Thomas Daniel Innovation Fund (627163_1), an Abdul Latif Jameel Water and Food Systems Lab Grand Challenge Award (GR000141-S6241), a Breakthrough Energy Explorer Grant (GR000056), the Foundation for Food & Agriculture Research (28-000578), a Homeworld Collective Garden Grant (GR000129), the Army Research Office (81341- BB-ECP), the Hope Funds for Cancer Research (HFCR-23-03-01), a Skaggs-Oxford Scholarship and a Fletcher Jones Foundation Fellowship.
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Breakthrough research sheds light on the hidden effects of stress on sperm | ScienceDaily
A groundbreaking study led by researchers at the University of Colorado Anschutz Medical Campus reveals that stress-induced changes in sperm motility occur after a stressful event, rather than during it and improves sperm performance. The discovery is essential in understanding how stress impacts the reproductive process to improve fetal development outcomes.


						
The study was published today in Nature Communications.

Over the last five decades, there has been a notable decline in semen quality, which has coincided with environmental stressors. This new research identifies how stress affects the ability of sperm to move through a female's reproductive system to fertilize an egg (motility). Researchers observed changes in extracellular vesicles (EVs), small particles released from the male reproductive tract that play a role in sperm development and maturation. These changes occurred after the stressor had passed, not during the stress experience.

"Our findings show a significant, time-dependent increase in sperm motility following perceived stress which aligns with previous studies on changes in the microRNA in human sperm," said Tracy Bale, PhD, lead author and the Anschutz Foundation Endowed Chair in Women's Integrated Mental and Physical Health Research at the Ludeman Center at CU Anschutz. "This timing, where sperm function improves after stress, might be evolutionarily beneficial to increasing birth rates, particularly following challenging times like those experienced during the COVID pandemic."

Studies were conducted in both men and in animal models. In both cases, stress-induced EVs enhanced sperm motility and mitochondrial respiration, the chemical energy needed to power the cell's biochemical reactions.

"Imagine you have a car that's struggling to get up a steep hill. When the engine is stressed, the car becomes less efficient. However, with a little more gas, you can boost the overall performance for a smoother drive. Just as your car becomes more efficient under stress, with the right adjustments, cells improve their energy production and movement when stress-induced factors are present," said Nickole Moon, PhD, the paper's first author and student at CU Anschutz who is on the research team.

Since the results were the same in both humans and in animal models, the findings suggest that this could be a universal coping mechanism across species, which might offer insights into broader reproductive health implications.




While the study focused on males, researchers highlight the importance of exploring how stress affects both partners in the fertility process. In addition, the researchers are ultimately interested in how these differences impact fetal development, especially for the brain.

"The impact of stress on germ cells, fertility, and the mechanisms underlying the transmission of parental stress experiences across generations are not well understood," said Neill Epperson, MD, professor and chair of the CU Department of Psychiatry and Bale's partner on the studies. "By continuing to recruit participants for these trials and conducting thorough stress evaluations along with the work taking place in the lab, we aim to gain a deeper understanding of how past stressors may affect future offspring."

Bale reiterates how increasing awareness of how stress impacts reproduction is vital.

"As stress is a common part of daily life, understanding its effects on reproduction and development will be essential for improving fertility and addressing broader ecological impacts on endangered species," said Bale.

The team is conducting additional studies that focus on understanding how stress information is transmitted into EVs and how this influences fertilization. They are also exploring the impact on brain development. In addition, they will be launching a trial study to test this model and further investigate the relationship between EVs and sperm in seminal fluid.
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Throat problems could impair autonomic nervous system's ability to regulate blood pressure | ScienceDaily
Patients with throat problems were less able to regulate their blood pressure in a new study led by the University of Southampton.


						
The study published in JAMA Otolaryngology is the first to observe reduced baroreflex sensitivity in patients with throat symptoms.

The baroreflex is a crucial part of the autonomic nervous system which detects changes in blood pressure and adjusts our heart rate and blood vessel tone accordingly to maintain stable blood pressure. It is what stops us from fainting when we stand up.

Researchers from the University of Southampton and University Hospitals of Dorset Foundation Trust believe the findings could be explained by the Vagas nerve (which controls the autonomic nervous system) prioritising protection of the airways over less urgent functions, such as blood pressure regulation.

"Our immediate survival depends on the throat being able to separate air and food passages each time we swallow," says the lead author of the study Reza Nouraei, Professor of Laryngology and Clinical Informatics at the University of Southampton.

"The throat does this using delicate reflexes, but when these reflexes are disturbed, for example, due to a viral infection like Covid or exposure to reflux affecting nerves in this region, the control of this critical junction becomes compromised, giving rise to symptoms like the feeling of a lump in the throat, throat clearing and coughing.

"To compensate for a faulty throat, the autonomic control system must expend significant amounts of energy to maintain a safe airway. We found that in patients with a faulty throat, the heart, specifically a function called baroreflex, is less well controlled. This is one of the Peters that has been robbed to pay Paul.




"The problem with robbing this Peter is that it likely impacts long-term survival, as patients with reduced baroreflex function are more likely to die of a heart attack or stroke in years to come."

The researchers compared the heart rates, blood pressure and baroreflex sensitivity of 23 patients admitted to Ear, Nose and Throat (ENT) surgery with aerodigestive (laryngopharyngeal) symptoms and 30 patients admitted to Gastroenterology with digestive (esophagogastric) symptoms at University Hospitals of Dorset NHS Foundation Trust.

Reflux was a common cause of symptoms in both groups -- making up the majority of digestive group cases. Other causes like thinning of the vocal cord were present in the aerodigestive group.

The team found patients in the aerodigestive group had a higher resting heart rate, lower resting blood pressure, and lower baroreflex sensitivity, than those in the digestive group.

"Now, and especially since Covid which damages nerves, we are seeing more patients with throat symptoms," says Professor Nouraei.

"Reduced baroreflex sensitivity impacts survival independent of other cardiovascular risks, so if the association we've discovered is confirmed by future studies, the need to make timely and accurate diagnoses and provide early and definitive treatments will become more pressing."

The study adds to the increasing interest in the Vaus nerve and holistic health. As well as regulating blood pressure through the baroreflex, the Vagus nerve controls our heart rate, digestion, respiration, mood and a host of other bodily functions which affect our health and wellbeing.




Professor Nouraei says: "This study helps us to think about patients more holistically. As a clinician, if you can fix a problem in the throat that is potentially taking away bandwidth from the Vagus, then it frees up the nerve to give to the rest of the body.

"If there is a chance that throat problems can affect functions like the baroreflex, or have a wider impact on overall wellbeing, then they need more consideration."

The researchers will now look at the long-term impacts of throat conditions on autonomic health and the effects of treatment.

Baroreflex Sensitivity in Patients With Laryngopharyngeal Dysfunction -- The Overwhelmed Vagus Hypothesisis published in JAMA Otolaryngology and is available online.

This work was supported by the Robert White Legacy Fund.
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Researchers improve search for cancer drivers | ScienceDaily
A computer algorithm can efficiently find genetic mutations that work together to drive cancer as well as other important genetic clues that researchers might someday use to develop new treatments for a variety of cancers.


						
Reporting in the journal Frontiers in Bioinformatics, a Washington State University-led team used a novel network computer model to find co-occurring mutations as well as other similarities among DNA sequence elements across several types of cancer. The model allows for easier searches for patterns in huge seas of cancer genetic data.

"This is a study not of one particular cancer, where you dive in and try to understand it, but rather of many cancers together, looking for patterns and things that could someday be used for drug discovery," said corresponding author Assefaw Gebremedhin, associate professor in the WSU School of Electrical Engineering and Computer Science.

Cancer tends to be talked about as one disease, but it's really a spectrum of diseases where different driver mutations dictate the disease's progression and prognosis, said co-author and University of Vermont molecular genetics researcher Steven Roberts. A better understanding of how common the different mutations and driver genes are across different types of cancer could help to prioritize possible targets for treatment. But cancer researchers have been stymied in their search for clues by the huge amount of computation required to study long genetic sequences and a large number of mutations.

"We couldn't really look at all of the sequences because the computational space would be too large," said Roberts. "If you try to take all the genomic data together and analyze all of it, the mathematical problem scales exponentially, and you just overwhelm the system."

The network model developed by the WSU team, which is called DiWANN, is sparser and more efficient than existing network models without losing key structural components.

"This model gets to the minimal way to represent things without losing information," said Gebremedhin. "Our model tries to understand relationships between sequences in a more effective way, and by effective, I mean they can be computed quickly. With this minimal representation of the network, you can get more information and make computation scalable."

Since developing their DiWANN model five years ago, the researchers have used it to look at the geographic distribution of tick-borne diseases as well as the spread of COVID-19 during the pandemic.




In this work, the researchers added a data reduction step to further reduce the amount of required computation and a second computer model to gain further insights into co-occurring genes. WSU computer science Ph.D. student Shruti Patil led this effort and is the first author of the study.

The researchers found evidence in their work, for instance, that two mutations in pancreatic cancer nearly always show up together -- something that had only been suspected. One of the mutations, tumor protein 53, suppresses tumor growth while the other, known as KRAS, is a driver of proliferation.

The researchers identified cancer types that are closely connected to each other and that could perhaps be susceptible to common drug treatments. Some cancers were homogenous, meaning they all had similar mutations that lead to cancer, whereas other types of cancers had a huge variety of different mutations.

"Some of the certain cancer types are very, very homogenous, and their driver mutations were almost always the same, but then you get some other cancer types where it's all over the map," said Roberts. "Those are the ones, based on our predictions, that are probably going to be the hardest to treat."

Because it provides sparse information, the WSU network model allows the researchers to expand the number of tumors that they can study.

"This increases our power to actually detect novel interactions and novel aspects of how these tumors behave," said Roberts. "If we can actually screen through large data sets, it's a much faster way to go about it."

The researchers are now working to develop a web-based tool for public health experts, so that researchers in health can more easily use the model to study complex questions in cancer and other diseases. The work was supported by the National Science Foundation and the National Cancer Institute.
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Risky play exercises an ancestral need to push limits | ScienceDaily
With schools nationwide back in session, millions of children across the United States will clamber up the jungle gyms and hang from the monkey bars that have been a fixture of playgrounds since they were invented in the 1920s.


						
But in that time, the steel structures have also become a symbol of playground peril for many anxious parents and public officials who think they should be removed from parks and schoolyards to avoid the occasional bruises and broken bones.

A team of Dartmouth anthropologists takes a different view, marking 100 years since the jungle gym and monkey bars were patented by arguing that the iconic playground equipment and other forms of risky play exercise a biological need passed on from apes and early humans that may be critical to childhood development.

They write in the journal Evolution, Medicine, and Public Health that a trend toward "surplus safety" on playgrounds may come at the expense of children being allowed to independently test and expand their physical and cognitive abilities in a context in which injury is possible but avoidable.

"One of the ironies of modern parenting is that our children have never been physically safer and yet we have never been more worried about them. We need to consider the potential longer-term benefits of allowing them to engage in play where there is some level of risk so they can overcome challenges on their own and learn from it when it doesn't work out," says Zane Thayer, a co-author of the paper and associate professor of anthropology at Dartmouth.

"Generally, researchers have found that risky play helps children build resilience and confidence, skills that resonate throughout life," she says. "We focus on jungle gyms and monkey bars as an easy way for children to engage in risky and thrill-seeking play."

The researchers describe how the physiology -- and fossilized injuries -- of early humans show juveniles likely engaged in extensive swinging, climbing, jumping, and other risky play. The 3.3-million-year-old remains of a female Australopithecus afarensis child known as Selam exhibit shoulders, fingers, and feet adapted to climbing in trees and hanging from limbs, like modern apes. The 3.2-million-year-old skeleton of Lucy, an adult female of the same species, shows healed fractures thought to result from falls as high as 40 feet.




"Fossil evidence suggests that the children of early humans spent as much time in trees as adults did," says Luke Fannin, first author of the paper and a PhD candidate in the Ecology, Evolution, Environment and Society program in the Guarini School of Graduate and Advanced Studies.

"If you're spending all that time in trees as a juvenile, you need confidence, because falling from a tree can be devastating and possibly fatal for a large ape or hominin," he says. "We see in modern nonhuman primates that juveniles test the limits of what they can and can't do, what the risks are, and how to respond. That leads to the climbing skills we see in adults."

The Dartmouth researchers cite a 2014 study reporting that infant and juvenile chimpanzees spend 15% and 27% more time, respectively, climbing and swinging than adults, which enhances their dexterity, skill, and awareness of their own mass. Though lacking the dexterity of other primates, modern humans are still competent climbers, Fannin says. People in hunter-gatherer cultures have been known to climb as high as 150 feet into trees to collect food.

"The past and the present point to children gaining physical and experiential skills by exploring their boundaries through play," Fannin says. "Our physiology as children is still conducive to climbing, running, and jumping, as well as more easily recovering from injuries and short-distance falls."

"It's rare to see anthropology intersect so much with our daily lives," Fannin says. "People don't think about our ancestors very much, but play is a way that the past is reflected in the present."

Nathaniel Dominy, the Charles Hansen Professor of Anthropology and study co-author, says that Sebastian "Ted" Hinton, the Chicago lawyer who patented the jungle gym and monkey bars in 1923 and 1924, also saw that reflection.




In one of his patents, Hinton wrote that children have a "monkey instinct" to climb as a form of play and exercise. Hinton lived during a fervor for the outdoors in the early 20th century that led to the establishment of the National Park Service, the plotting of the Appalachian Trail, and the creation of Scouting.

But Hinton saw climbing as a vestige of our simian lineage before that link was formally established, Dominy says. The remains of the Taung Child, a 2.8-million-year-old Australopithecus africanus that provided the first physical link between modern humans and ape-like ancestors, weren't reported until 1925.

"Hinton was at the forefront of this cultural moment that embraced nature as essential to fitness, but it focused on bipedalism. Hinton described climbing as a product and necessity for childhood growth and development before we had the evidence for it," Dominy says.

"One hundred years later, jungle gyms and monkey bars are still very much part of the conversation around childhood play. But the voice of anthropologists is nowhere in this debate, and that's what we wanted to change," Dominy says. "Our work shows how evolutionary theory has the potential to inform research and practice in the public health domain."

Studies of hospital admissions show that jungle gyms and monkey bars result in more childhood fractures and hospital visits than any other playground equipment, the researchers report. But the risk of children being injured on a playground is relatively low.

The Dartmouth team cites a 2003 study that calculated the risk of playground injury at no more than 0.59 in 100,000, which is far less than injuries sustained through organized sports or even gym class. Another study found that 95% of children with playground injuries were treated and released between 2001-2013.

"Free play lets kids modulate activities to match their physical abilities and personal confidence," Fannin says. "The rules and guidelines of free play develop on much longer timescales than supervised and organized sports where adults set the rules and expectations. Kids getting injured in organized sports has a lot to do with the social context in which they occur."

But jungle gyms and monkey bars remain targets of efforts to make playgrounds safer, the researchers report. New York City removed them from most of their 862 public playgrounds in the 1980s and 1990s. While seven states have adopted the U.S. Consumer Product Safety Commission's safety guidelines for monkey bars into law, enforcement is difficult, the Dartmouth team found. Municipalities find it easier to just remove the structures.

"We share the concerns of parents, school administrators, and policymakers in wanting to make sure our kids are safe. However, we also must consider the long-term benefits of engaging in this type of play," Thayer says. "Risky play in which children challenge themselves is a normal part of our development, as it was for our ancestors."
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Boosting brain protein levels may slow decline from Alzheimer's | ScienceDaily
A study published in the journal Brain shows that increases in protein levels with new Alzheimer's drugs can explain the slowing of cognitive impairment at least as well as the reduction in amyloid plaques.


						
During a study challenging the idea that newly approved monoclonal antibodies reduce cognitive decline in Alzheimer's patients by clearing amyloid, University of Cincinnati researchers found that the unintended increase in levels of a critical brain protein correlates equally well with cognitive benefits.

Led by UC's Alberto Espay, MD, the research was published in the journal Brain on Sept. 11.

For decades, the prevailing theory in the field has stated that a protein made up of 42 amino acids called amyloid-beta 42 (Ab42) hardens into clumps called amyloid plaques, and those plaques damage the brain, causing Alzheimer's disease.

Espay and team have hypothesized that normal, soluble Ab42 in the brain is crucial for neuron health and that the loss of Ab42, rather than the buildup of plaques, drives Alzheimer's. This includes published research that suggests dementia occurs not when plaque levels are high but when Ab42 levels drop very low.

According to Espay's research, the transformation of Ab42 into plaques appears to be the brain's normal response to biological, metabolic or infectious stress.

"Most of us will accrue amyloid plaques in our brains as we age, and yet very few of us with plaques go on to develop dementia," said Espay, professor of neurology in the UC College of Medicine and director and endowed chair of the James J. and Joan A. Gardner Family Center for Parkinson's Disease and Movement Disorders at the UC Gardner Neuroscience Institute. "Yet the plaques remain the center of our attention in biomarker development and therapeutic strategies."

Recently, several new monoclonal antibody medications designed to remove amyloid from the brain were approved after showing they lessened cognitive decline in clinical trials.




Espay and his colleagues noticed that these drugs unintentionally increased levels of Ab42.

"Amyloid plaques don't cause Alzheimer's, but if the brain makes too much of it while defending against infections, toxins or biological changes, it can't produce enough Ab42, causing its levels to drop below a critical threshold," Espay explained. "That's when dementia symptoms emerge."

The team analyzed data from nearly 26,000 patients enrolled in 24 randomized clinical trials of these new antibody treatments, assessing cognitive impairment and differences in levels of Ab42 before and after treatment. They found that higher levels of Ab42 after treatment were independently associated with slower cognitive impairment and clinical decline.

"All stories have two sides -- even the one we have told ourselves about how anti-amyloid treatments work: by lowering amyloid," Espay said. "In fact, they also raise the levels of Ab42. Even if this is unintended, it is why there may be a benefit. Our study shows that we can predict changes in cognitive outcomes in anti-amyloid trials at least as well by the increases in Ab42 as by the decreases in amyloid."

Espay said these findings fit well into his larger hypothesis about the root cause of Alzheimer's, as increasing levels of Ab42 appear to improve cognition.

"If the problem with Alzheimer's is the loss of the normal protein, then increasing it should be beneficial, and this study showed that it is," he said. "The story makes sense: Increasing Ab42 levels to within the normal range is desirable."

However, Espay believes these results also present a conundrum for clinicians because removing amyloid from the brain is toxic and may cause the brain to shrink faster after antibody treatment.

"Do we give patients an anti-protein treatment to increase their protein levels? I think the end, increasing Ab42, doesn't justify the means, decreasing amyloid," Espay said. Therapies that directly increase Ab42 levels without targeting amyloid are a focus of research for Espay and his group.
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Sterilization rates among women rose after U.S. Supreme Court abortion ruling | ScienceDaily
Surgical sterilization rates among women increased in the United States after a 2022 Supreme Court ruling (Dobbs v. Jackson Women's Health) overturned the constitutional right to abortion, found researchers at Columbia University Vagelos College of Physicians and Surgeons. The study was published Sept. 11 in JAMA.


						
Surgical sterilization -- tying, cutting, or removing the fallopian tubes -- is a highly effective but essentially irreversible method of preventing pregnancy.

Before the Supreme Court decision, the rate of surgical sterilization in the United States had declined from a peak in the mid-1970s as effective reversible contraceptive methods became more accessible.

The study looked at the use of surgical sterilization before and after the Dobbs decision among roughly 4.8 million women in 36 states and Washington, D.C.

In the first month after the ruling, sterilization rates in all states included in the study increased from stable rates in the prior year and a half.

In the six months after the ruling, surgical sterilizations continued to rise by 3% per month in states where abortion was banned after Dobbs. A similar but not statistically significant trend was seen in states that limited access to abortion after Dobbs; no further increase was seen in states that protected abortion access.

"Our study suggests that the Dobbs ruling and subsequent state laws banning or limiting access to abortion may affect a woman's choice of contraception," says Xiao Xu, a health outcomes researcher who led the study. "The findings also warrant attention because tubal sterilization is an irreversible method of contraception."

More information

The study, "Tubal Sterilization Rates by State Abortion Laws after the Dobbs Decision," was published Sept. 11 in JAMA.

All authors: Xiao Xu (Columbia), Ling Chen (Columbia), Vrunda B. Desai (Yale), Cary P. Gross (Yale), Craig Evan Pollack (Johns Hopkins), Peter E. Schwartz (Yale), and Jason D. Wright (Columbia).
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Brain-wide decision-making dynamics discovered | ScienceDaily
Neuroscientists have revealed how sensory input is transformed into motor action across multiple brain regions in mice. The research, conducted at the Sainsbury Wellcome Centre at UCL, shows that decision-making is a global process across the brain that is coordinated by learning. The findings could aid artificial intelligence research by providing insights into how to design more distributed neural networks.


						
"This work unifies concepts previously described for individual brain areas into a coherent view that maps onto brain-wide neural dynamics. We now have a complete picture of what is happening in the brain as sensory input is transformed through a decision process into an action," explained Professor Tom Mrsic-Flogel, Director of the Sainsbury Wellcome Centre at UCL and corresponding author on the paper.

The study, published today in Nature, outlines how the researchers used Neuropixels probes, a state-of-the-art technology enabling simultaneous recordings across hundreds of neurons in multiple brain regions, to study mice taking part in a decision-making task. The task, developed by Dr Ivana Orsolic at SWC, allowed the team to distinguish between sensory processing and motor control. The researchers also revealed the contribution of learning through studying animals trained in the task and comparing them to naive animals.

"We often make decisions based on ambiguous evidence. For example, when it starts to rain, you have to decide how high frequency the raindrops need to be before you open your umbrella. We studied this same ambiguous evidence integration in mice to understand how the brain processes perceptual decisions," explained Dr Michael Lohse, Sir Henry Wellcome Postdoctoral Fellow at SWC and joint first author on the paper.

Mice were trained to stand still while they watched a visual pattern moving on a screen. To receive a reward, the mice had to lick a spout when they detected a sustained increase in the speed of movement of the visual pattern. The task was designed so that the speed of the movement was never constant, instead it continuously fluctuated. The timing of the increase in the average speed also changed from trial to trial so that the mice could not simply remember when the sustained increase occurred. Thus, the mice had to constantly pay attention to the stimulus and integrate information to work out whether the increase in the speed had happened.

"By training the mice to stand still, the data analysis we could perform was much cleaner and the task allowed us to look at how neurons track random fluctuations in speed before the mice made an action. In trained mice, we found that there is no single brain region that integrates sensory evidence or orchestrates the process. Instead, we found neurons that are sparsely but broadly distributed across the brain link sensory evidence and action initiation," explained Dr Andrei Khilkevich, Senior Research Fellow in the Mrsic-Flogel lab and joint first author on the paper.

The researchers recorded from each mouse multiple times and collected data from over 15,000 cells across 52 brain regions in 15 trained mice. To look at learning, the team also compared the results to recordings from naive mice.




"We found that when mice don't know what the visual stimulus means, they only represent the information in the visual system in the brain and a few midbrain regions. After they have learned the task, cells integrate the evidence all over the brain," explained Dr Lohse.

In this study, the team only looked at naive animals and those that had fully learned the task, but in future work they hope to uncover how the learning process occurs by tracking neurons over time to see how they change as mice begin to understand the task. The researchers are also looking to explore whether specific areas in the brain act as causal hubs in establishing these links between sensations and actions.

A number of additional questions raised by the study include how the brain incorporates an expectation of when the speed of visual pattern will increase such that animals only react to the stimulus when the information is relevant. The team plan to study these questions further using the dataset they have collected.

This study was funded by Wellcome awards (217211/Z/19/Z and 224121/Z/21/Z) and by the Sainsbury Wellcome Centre's Core Grant from the Gatsby Charitable Foundation (GAT3755) and Wellcome (219627/Z/19/Z).
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Atypical metabolite levels at birth may increase SIDS risk | ScienceDaily


						Newborns who had an atypical pattern of metabolites were more than 14 times as likely to die of sudden infant death syndrome (SIDS), compared to infants who had more typical metabolic patterns, according to a study funded in part by the National Institutes of Health. Metabolites are molecules produced by the body's various chemical reactions. Researchers found that infants who died of SIDS had a specific pattern of metabolites compared to infants who lived to their first year. The researchers believe that checking for this pattern could provide a way to identify infants at risk for SIDS. The study was conducted by Scott Oltman, M.S., of the University of California San Francisco School of Medicine, and colleagues. It appears in JAMA Pediatrics.


						
SIDS is the sudden, unexplained death of an infant younger than 1 year of age that remains unexplained after a complete investigation. From more than 2 million infants born in California, researchers compared newborn screening test results of 354 SIDS cases to those of 1,416 infants who survived to at least one year old. The state screens all its newborns for many serious disorders. Test results include checking for metabolites that are markers for disorders and conditions. In the study, infants identified with the highest risk metabolic profile involving eight metabolites were 14.4 times more likely to have SIDS than infants with the lowest risk metabolic profile.

The authors say that testing for metabolic patterns may provide a way to identify infants at risk for SIDS soon after birth, which could inform efforts to reduce SIDS risk. Similarly, research on the biochemical pathways that produce the metabolites linked to SIDS may yield insights into the causes of SIDS and ways to reduce its risk. NIH funding for the study was provided by the Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD).
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Researchers combine the power of AI and the connectome to predict brain cell activity | ScienceDaily
With maps of the connections between neurons and artificial intelligence methods, researchers can now do what they never thought possible: predict the activity of individual neurons without making a single measurement in a living brain.


						
For decades, neuroscientists have spent countless hours in the lab painstakingly measuring the activity of neurons in living animals to tease out how the brain enables behavior. These experiments have yielded groundbreaking insights into how the brain works, but they have only scratched the surface, leaving much of the brain unexplored.

Now, researchers are using artificial intelligence and the connectome -- a map of neurons and their connections created from brain tissue -- to predict the role of neurons in the living brain. Using only information about the connectivity of a neural circuit gleaned from the fruit fly visual system connectome and a guess at what the circuit is supposed to do, researchers created an AI simulation of the fruit fly visual system that can predict the activity of every neuron in the circuit.

"We now have a computational method for turning measurements of the connectome into predictions of neural activity and brain function, without first starting with difficult-to-acquire measurements of neural activity for every neuron," says Janelia Group Leader Srini Turaga, a senior author on the new research.

The team of scientists from HHMI's Janelia Research Campus and the University of Tubingen used the connectome to build a detailed deep mechanistic network simulation of the fly visual system, where each neuron and synapse in the model corresponds to a real neuron and synapse in the brain. Although they didn't know the dynamics of every neuron and synapse, data from the connectome allowed the team to use deep learning methods to infer these unknown parameters. They combined this information with knowledge about the circuit's goal: motion detection.

"At that point, everything fell into place, and we could finally figure out if this connectome-constrained model gives us a good model of the brain," says Janne Lappalainen, a PhD student at the University of Tubingen who led the research.

The new model predicts the neural activity produced by 64 neuron types in the fruit fly visual system in response to visual input and accurately reproduces more than two dozen experimental studies performed over the past two decades.




By enabling researchers to predict the activity of individual neurons using only the connectome, the new work has the potential to transform how neuroscientists generate and test hypotheses about how the brain works. In principle, scientists can now use the model to simulate any experiment and generate detailed predictions that can be tested in the lab.

The new research provides more than 450 pages of predictions gleaned from the new model, including identification of cells not known to be involved in motion detection previously, which can now be examined in living flies.

The group's work provides a strategy for turning the wealth of connectome data being generated by Janelia and other research institutions into advanced understanding of the living brain, according to the researchers.

"There is a big gap between the static snapshot of the connectome and the dynamics of real-life computation in the living brain, and the question was, can we bridge that gap in a model? This paper, for the specific example of the fruit fly, shows a strategy for bridging that gap," says Jakob Macke, a senior author on the paper and a professor at the University of Tubingen.
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Can chatbots help with genetic testing for cancer risk? | ScienceDaily
In a study from Huntsman Cancer Institute at the University of Utah (the U) and NYU Langone Perlmutter Cancer Center, researchers found that a specialized chatbot can effectively assist patients in deciding whether to pursue genetic testing, offering an alternative to traditional genetic counseling.


						
Kimberly Kaphingst, ScD, research director of the Genetic Counseling Shared Resource and co-leader of the Cancer Control and Population Sciences Program at Huntsman Cancer Institute, and professor of communication at the U, says the results of the BRIDGE (Broadening the Reach, Impact, and Delivery of Genetic Services) trial could help expand patient access to genetic care.

According to the American Cancer Society, up to 10% of all cancers may be caused by inherited genetic changes.

"There's a substantial number of people who have an inherited cancer syndrome. The vast majority don't know it," says Kaphingst. "As we are getting better at recognizing people who are in need of genetic testing, we were very interested as a team in coming up with sustainable and scalable ways to actually provide those types of genetic services."

The current standard of care model for genetic testing involves a two-appointment process. Patients first meet with a genetic counselor for a pre-test appointment, during which they discuss their family history, as well as the risks, benefits, and limitations of testing. If patients choose to proceed with testing, they schedule a second appointment to analyze the results with the counselor.

The BRIDGE trial used an algorithm to find patients at higher risk for inherited cancer syndromes based on their self-reported family health histories.

Researchers then divided more than 3,000 Utah and New York participants into two groups -- one pursuing the standard two-appointment model, and the other engaging with a chatbot designed and scripted to provide genetics education instead of having a pre-test appointment with a genetic counselor.




Participants in the chatbot group were sent a message through MyChart, an online patient health portal, recommending genetic services and providing a link to launch a chatbot. They then received information about genetic testing and were able to ask questions to help them decide if they should proceed with testing.

Researchers found outcomes between the two groups were equally likely to complete genetic testing, demonstrating that a chatbot is a viable alternative to the traditional model.

"Our goal wasn't to see if the chatbot was better or for worse. The question was, is this another model that we can use to offer genetic services to patients and have similar outcomes. For a lot of people, the chatbot model provided enough information," says Kaphingst. "The chatbot can take some of the burden off genetic counselors and help provide genetic testing to more patients who are eligible."

Researcher and genetic counselor Rachelle Chambers, MS, CGC, manager of the High-Risk Cancer Genetics Program at NYU Langone Perlmutter Cancer Center, says the promising results of this equivalency trial are crucial as knowledge of and demand for genetic testing is on the rise.

"Twenty years ago, we were testing for a handful of cancer-related genes, like BRCA1 and BRCA2, which can lead to an increased risk for breast and ovarian cancer. Now, we might analyze 100 different genes linked to cancers," says Chambers. "From my perspective as a genetic counselor, there are not enough genetic specialists to meet the increased demand of patients that could benefit from this type of testing."

Patients who know they are genetically more likely to develop cancer can be proactive in prevention, through increased screenings, taking medications, pursuing surgery to reduce risk, and changing personal behaviors.

The results of the BRIDGE trial have been published in JAMA Network Open.

The trial was co-led by Saundra Buys, MD, Huntsman Cancer Institute investigator and professor in the department of medicine at the U, and Meenakshi Sigireddi, MD, assistant professor of medicine at NYU Grossman School of Medicine. Additional Huntsman Cancer Institute collaborators include Wendy Kohlmann, MS, now at the U.S. Department of Veterans Affairs, Sarah Colonna, MD, Whitney F. Espinel, CGC, MS, Amanda Gammon, MS, CGC, Josh Schiffman, MD, professor of pediatrics at the U, Kensaku Kawamoto, MD, PhD, MHS, FACMI, FAMIA, professor of clinical informatics at the U, Guilherme Del Fiol, MD, PhD, FACMI, professor of biomedical informatics at the U, and David Wetter, PhD, MS, professor of population health sciences at the U. Michael Flynn, MD, adjunct assistant professor at the U, and Rachel Hess, MD, MS, professor of population health sciences at the U, also contributed to the study.

This study was supported by the National Institutes of Health/National Cancer Institute through U01CA232826, which was part of the Inherited Cancer Syndrome Collaborative, P30 CA02014; and Huntsman Cancer Foundation.
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Variety is the spice of learning, memory study suggests | ScienceDaily
When Ilber Manavbasi attempts a tricky piano riff, he rehearses more than the notes on the page.


						
"I practice in diverse conditions and contexts. I practice hungry, tired, angry and happy. I practice different songs at different speeds and sometimes with different pianos," said Manavbasi, a graduate student researcher at the Beckman Institute for Advanced Science and Technology. "It's the variety of practice that makes me a better performer."

Variety may also make us better learners, according to recent research conducted by Manavbasi and his colleagues at the University of Illinois Urbana-Champaign.

The researchers observed that varied practice, not repetition, primed older adults to learn a new working memory task. Their findings, which appear in the journal Intelligence, propose diverse cognitive training as a promising whetstone for maintaining mental sharpness as we age.

"People often think that the best way to get better at something is to simply practice it over and over again, but robust skill learning is actually supported by variation in practice," said lead investigator Elizabeth A. L. Stine-Morrow, a Beckman researcher and professor emerita of educational psychology at Illinois.

"While the importance of diversity in practice has been well established in the area of motor learning, our study demonstrated that this principle applies to the development of mental skills as well," she said.

In their 1978 study, Kerr and Booth found that children who practiced tossing a beanbag at a target from a set distance were less likely to hit their marks than children who had practiced throwing from several different distances. On a larger scale, researchers have observed varied preparation to beget high-level performance in athletics and academics alike.




"World-class athletes who specialize in one sport are more likely to have had early experience with multiple sports than their national-class counterparts, and Nobel laureates are more likely to have more early study and work experiences outside of their discipline compared to nationally acclaimed award winners," Stine-Morrow said.

She wondered how this concept translates to cognitive training. If learning were a sport, does a diverse training regimen raise the level of play?

The researchers narrowed their focus to working memory, or the cognitive ability to hold one thing in mind while doing something else.

"We chose working memory because it is a core ability needed to engage with reality and construct knowledge," Stine-Morrow said. "It underpins language comprehension, reasoning, problem-solving and many sorts of everyday cognition."

Because working memory often declines with aging, Stine-Morrow and her colleagues recruited 90 Champaign-Urbana locals aged 60-87.

At the beginning and end of the study, researchers assessed the participants' working memory by measuring each person's reading span: their capacity to remember information while reading something unrelated. The researchers asked participants to read and comprehend a series of logical and illogical sentences (e.g., "Headwear worn by royalty is called a crown," or "An animal with orange and black stripes is a zebra"), each paired with a letter of the alphabet. Participants who recalled the letters in the correct order generally have a stronger working memory, the researchers said.




Between the reading span assessments, participants completed four weeks of cognitive training. For the first two weeks, participants trained on one of four practice regimens: the reading span task itself, a new working memory activity, multiple working memory activities and a control task unrelated to working memory. For the latter two weeks, all participants practiced a variation of the reading span task.

The participants who practiced with multiple working memory activities showed the most improvement on the reading span assessment from beginning to end, outperforming those who had rehearsed the reading span task for all four weeks.

Though ultimately the most improved, the mixed practice group was not immediately outperforming the others, the researchers noticed.

"They needed to work for it," Stine-Morrow said. "Mixed practice did not directly lead to better performance; it led to better learning. That group was the slowest to improve on the reading span task, but they ultimately reached the highest peak."

One reason that varied practice may promote skill development is because of the principle of mutualism, or "mutual growth among closely related abilities," Stine-Morrow said.

These results provide early evidence for the concept of mutualism and show promise for improving working memory later in life.

"With this study, we have demonstrated the broad principle of mutualism through the small lens of how it applies to working memory," Stine-Morrow said. "If you scale up this principle and combine it with different kinds of skills, that could demonstrate broader effects."

Because of limitations caused by the COVID-19 pandemic, participants used their home computers and iPads provided by the research team to complete all portions of the study remotely.

"We are grateful to the folks in the Chambana community who support our research, especially in this case, where they had to fit these activities into their lives over the course of four weeks. Most people thought the activities were challenging, but fun, and treated them as a game they wanted to win," Stine-Morrow said.
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Unaffordable food putting mums-to-be at risk | ScienceDaily
Pregnant women who have limited access to affordable, nutritious, and healthy foods have a higher chance of developing both physical and mental health problems.


						
New research from Newcastle University has found that women who are what is termed "food insecure" are up to four times more likely to have poor mental health -- such as stress, anxiety, and depression -- than those who don't struggle to afford or access food.

The mums-to-be are also at increased risk of obesity, developing diabetes during their pregnancy and dental problems, the two studies published in PLOS Medicine and Obesity Reviews show.

In recent years, food insecurity has more than doubled in the UK and it is estimated that more than one in four households with babies and young children under four-years-old are affected.

'Shocking results'

Nicola Heslehurst, Professor of Maternal and Child Nutrition at Newcastle University, said: "We know how important it is for pregnant women to eat a nutritious and well-balanced diet for their own health and that of their developing baby.

"But when pregnant women experience food insecurity, it affects the quality of their diet because they can't afford increasingly expensive items such as fruit and vegetables, therefore, have to rely on cheaper poor nutritional quality foods.




"While we were expecting to see some health risks during pregnancy, the extent of those we found were quite shocking, especially for mental health, obesity, and pregnancy diabetes.

"These also have long-term implications, such as mums and their children being more likely to develop type 2 diabetes later in life.

"Our studies provide new evidence of the inequalities in pregnancy risks for women and babies when there is not access to affordable, nutritious, healthy food, and the need for more support to help reduce the impact of food insecurity."

Before Covid, fewer than one in 10 households in the UK were experiencing food insecurity, now it is estimated that a quarter of households with babies and young children are food insecure, and almost half of all households with three or more children.

When people are food insecure, they go hungry, skip meals, or don't eat all day. Families can also experience financial problems that impact on bills, rent and heating costs which further squeezes the household budget available for food.

Scientists analysed data from high-income countries since the global financial crisis in 2008 to explore links between food insecurity and pregnancy health for mum and baby.




In these two studies, also involving Teesside University and King's College London, the experts collated the data to look for patterns and where there may be increased risk and need for support.

'Government help needed'

Professor Heslehurst said: "Any temporary emergency measures to address food insecurity, such as using food banks, are not going to address the underlying social and economic problems.

"We need much more financial support from the Government to make sure that women and babies are protected from food insecurity during pregnancy."

Further research is needed by the team as there was a lack of data available on food insecurity and pregnancy health from the UK, with most of the studies analysed generating from the USA.

Professor Heslehurst added: "If we look at more data from the UK, where there is a lack of support available and rapidly rising rates of food insecurity, we might find the risks are worse than we currently think, and the need for support even greater."

Newcastle University researchers involved in these studies are Dr Gina Nguyen, Dr Stephanie Scott, and Letitia Sermin-Reed. The research is a Fuse, The Centre for Translational Research in Public Health, project.
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Games, puzzles and reading can slow cognitive decline in the elderly -- even in those with mild cognitive impairment | ScienceDaily
The aging process can lead to diminished cognitive functioning for older adults. In addition, about 10 percent of people previously diagnosed with mild cognitive impairment develop Alzheimer's disease or other forms of dementia every year.


						
Although a few studies have found that activities such as putting together jigsaw puzzles can protect against cognitive aging, the benefits of these activities in preventing or postponing cognitive decline are still largely unknown.

Now, findings from a new study from the Texas A&M University School of Public Health suggest that older people with mild cognitive impairment who engage in high levels of activities such as word games and hobbies have better memory, working memory, attention and processing speed than those who do not.

"Today, nearly six million people in the United States have dementia, and this number is projected to grow to about 14 million by 2060 -- with minority populations affected the most," said Dr. Junhyoung "Paul" Kim, an associate professor of health behavior at Texas A&M. "We sought to help fill the gap in our understanding of cognitive decline."

For the study, published in the Journal of Cognitive Enhancement, Kim, along with researchers from the University of Southern Mississippi and Indiana University, analyzed data on 5,932 people who were at least 50 years old in 2012, had mild cognitive impairment and were part of the Health and Retirement Study (HRS) from 2012 to 2020.

The HRS collects data through self-reported paper-and-pencil surveys and in-depth phone interviews. For this study, the researchers analyzed the answers to seven questions about how often participants engaged in cognitively stimulating activities such as reading, game playing and hobbies. Next, they divided the participation levels in the categories of low, mid and high based on criteria used in previous studies and conducted repeated-measured multivariate analysis of covariance.

"In short, the high-level participation group consistently exhibited higher cognitive function levels during the study period and maintained a similar level of cognitive functions compared to the other groups," Kim said.




Those in the high-level category had higher levels of memory, working memory, and attention and processing speed than those in the mid- and low-level groups. In addition, those in the mid-level category had higher levels of working memory and attention and processing speed than those in the low-level participation group.

"We also found significant differences in all three cognitive functions between years with a declining slope, but the differences between 2014 and the other years of the data set that were examined were not significant," Kim said.

Kim and the others are hopeful that these findings will lead health care providers to recommend that older people with mild cognitive impairment play games, read or engage in similarly stimulating activities at least three to four times a week.

"In addition, we hope that barriers to doing this, such as inadequate caregiver support and financial constraints, could be overcome through stronger public care services and community support networks," Kim said
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An antidiabetic helps the immune system recognize reservoirs of HIV | ScienceDaily
Researchers at Universite de Montreal's affiliated hospital research centre, the CRCHUM, say the discovery could help lessen and even eliminate viral loads in people undergoing antiretroviral therapy.


						
Metformin, a drug used to treat type 2 diabetes, could help deplete the viral reservoir and eliminate it entirely in people living with HIV who receive antiretroviral therapy, Canadian researchers say in a new study.

In 2021, a team led by immunologist Petronela Ancuta of Universite de Montreal's affiliated hospital research centre, the CRCHUM, showed that metformin, when taken for three months, improved patients' immunity and reduced the chronic inflammation usually associated with complications such as cardiovascular disease.

One reason these benefits are so effective is that metformin inhibits the activity of the mTOR (mechanistic target of rapamycin) molecule, which in turn slows down HIV replication in the cells of patients infected with the virus.

In the journal iScience, Ancuta and her student Augustine Fert, the study's first author and a recent Ph.D. holder, go further. They studied the molecular mechanisms of action of metformin on HIV replication in CD4 T lymphocytes, which are immune system cells that provide shelter for the virus.

In these reservoirs, HIV keeps on replicating, which contributes to the chronic inflammation by constantly activating the immune system.

"The results of our in vitro tests on cells from people living with HIV and treated with antiretroviral therapy caught us off guard at first," said Ancuta. "They were a bit surprising. We discovered that metformin had both a proviral and an antiviral effect. The drug helped boost the number of HIV-infected cells, while also stopping the virus from escaping the cell."

Antibodies to the rescue




Another benefit of metformin is that it overexpresses the BST2 protein, which acts as a kind of glue to keep virions clinging to the surface of HIV-infected cells. The immune system then spots them and can target them with antibodies.

"Together with my colleague Andres Finzi, we tested the ability of several broad-spectrum neutralizing anti-HIV antibodies to recognize viral reservoir cells after metformin exposure in vitro," said Ancuta. "Some of them recognized the virus very well, suggesting their ability to attract and trigger the destruction of infected cells by NK cells through a process of cellular cytotoxicity."

These recent scientific advances mean that the "shock-and-kill" eradication strategy, often used in the fight against HIV, can be foreseen in a different way, she added.

"In people living with HIV and treated with antiretroviral therapy, we could use metformin to reactivate the reservoir cells responsible for viral replication upon treatment interruption, in combination with antibodies that are already used clinically and well tolerated. These antibodies can then detect the rare infected cells and eliminate them."

In the next phase of her research, Ancuta plans to launch a clinical trial to validate her in vitro research results, in collaboration with Finzi and their CRCHUM colleague Nicolas Chomont, and Jean-Pierre Routy of the McGill University Health Centre Research Institute.

Before she can move forward with this strategy, she will test it in preclinical models.
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Like father, like daughter | ScienceDaily
When they become fathers, men who have an unhealthy, high-cholesterol diet can cause increased risk of cardiovascular disease, or CVD, in their daughters, a University of California, Riverside-led mouse study has found.


						
The research, published in the journal JCI Insight, is the first to demonstrate this result seen only in female offspring.

CVD, the leading cause of death globally, is a group of disorders that affects the heart and blood vessels. Hypertension (high blood pressure) is a leading risk factor for CVD. In the United States, nearly 703,000 people died in 2022 from heart disease, the equivalent of one in every five deaths.

"It had been previously thought that sperm contribute only their genome during fertilization," said Changcheng Zhou, a professor of biomedical sciences in the School of Medicine and the study's lead author. "However, recent studies by us and others have demonstrated that environmental exposures, including unhealthy diet, environmental toxicants, and stress, can alter the RNA in sperm to mediate intergenerational inheritance."

Ribonucleic acid, or RNA, is present in all living cells. Bearing structural similarities to DNA, this nucleic acid is essential for most biological functions in living organisms and viruses.

"Men who plan to have children should consider eating a healthy, low-cholesterol diet and reducing their own CVD risk factors," Zhou said. "These factors appear to affect their sperm in influencing the health of their female offspring. Our study suggests the sperm passes this information to the next generation."

The study focused on atherosclerosis, a chronic inflammatory disease that is the leading cause of CVD. In atherosclerosis, plaque, a sticky substance made up of cholesterol, fat, and other substances in the blood, builds up in the walls of arteries. When the plaque hardens, it narrows the arteries, limiting blood flow to the body and reducing the supply of oxygen to tissues of vital organs.




Sperm contains an abundance of small non-coding RNA molecules, which are important for gene regulation and many cellular processes. When they are modified, their functions change significantly across various biological processes. The researchers found that the small RNA molecules in sperm of mice fed a high-cholesterol diet undergo alterations in response to exposure to the diet. They also found that the altered small RNA molecules can affect early gene expression in mouse embryonic stem cells.

Zhou explained that most studies have focused on the effects of maternal factors on offspring health. The impact of paternal exposures on offspring health has been largely overlooked, he said.

"It is challenging to study the impact of parental exposures on chronic disease development in their offspring because the experiments, in general, are time consuming and require more resources and careful planning," he said.

The researchers are not clear why only female offspring are affected with CVD. In their experiments, Zhou and his team fed male genetically engineered mice a high-cholesterol diet, which caused them to have hyperlipidemia, a disorder that, if left untreated, can lead to heart disease and stroke. These mice were then mated with female mice that were fed a regular, low-cholesterol diet. Their litter was also fed a low-cholesterol diet. The female offspring were found to have 2-3-fold increases in atherosclerosis.

"Our study contributes to understanding the etiology of chronic diseases originating from parental exposures," Zhou said. "We hope our findings stimulate investigations of the impact of paternal exposures on offspring cardiovascular health in humans."

Zhou was joined in the study by Rebecca Hernandez, Xiuchun Li, Junchao Shi, and Tejasvi R. Dave of UCR; Tong Zhou of the University of Nevada, Reno; and Qi Chen of the University of Utah, Salt Lake City.

The study was supported by grants to Zhou from the National Institutes of Health, or NIH. Hernandez was supported by an American Heart Association predoctoral fellowship. Dave was supported by a UCR mini grant for undergraduate research and creative activities.

To study sperm small RNA, the researchers used the PANDORA-seq method developed at UCR.
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Women with asthma are more likely to miscarry and need fertility treatment | ScienceDaily
Women who are being treated for asthma are more likely to miscarry and need fertility treatment to get pregnant, according to a large study presented at the European Respiratory Society (ERS) Congress in Vienna, Austria. However, the study also suggests that most women with asthma are able to have babies.


						
The study was presented by Dr Anne Vejen Hansen from the department of respiratory medicine at Copenhagen University Hospital, Denmark.

She said: "Asthma is common in women of reproductive age. Previous studies have shown that it takes women with asthma longer to get pregnant than those without asthma when undergoing fertility treatment, and that asthmatic women who succeed in getting pregnant have more often had fertility treatment than non-asthmatic women. But most existing studies are on women who have actually got pregnant, so we wanted to examine fertility outcomes on a national scale, to also include those that might not become pregnant at all."

The team analysed reproductive outcomes for all Danish women born from 1976 to 1999, following them from 1994 to 2017. In total, 769,880 women were included and followed; anyone who took anti-asthma medication on a regular basis was classified as asthmatic.

They found that women with asthma experienced a higher degree of foetal loss compared to women without asthma (17.0% vs. 15.7%) and more use of fertility treatment (5.6% vs. 5.0%). However, the proportion who subsequently gave birth was 77% in women with and without asthma, suggesting that asthma does not seem to affect the number of live births.

Dr Vejen Hansen said: "We found that women fulfilling the definition of asthma had a higher rate of foetal loss and an increased use of fertility treatment. The more severe the asthma and the more flare ups the women experienced, the more likely they were to need fertility treatment. Why this is, is not clear. It might be related to systemic inflammation throughout the body, including women's reproductive organs.

"But the numbers also show that these same women who redeem asthma medication still have as many live births in the end as women who don't. This suggests that most women with asthma probably do manage to become pregnant and have babies in the end.

"We also plan to investigate the possible effect of male asthma on fertility, and, therefore, have another similar registry-based study in the pipeline."

Professor Lena Uller is Chair of the ERS group on Airway Pharmacology and Treatment and Head of the Respiratory Immunopharmacology research group at Lund University, Sweden, and was not involved in the research. She said: "It's reassuring that women seem to have the same live birth rate regardless of their asthma. However, the results also indicate that women with asthma should take into consideration potential reproductive challenges in their family planning. If women with asthma are worried about their fertility, they should speak to their doctor.

"The results of this study also underscore the importance of managing asthma in reproductive-aged women. The fact that the more severe the asthma, the more the problems with fertility, suggests that uncontrolled asthma is the problem and we should be helping women to get their asthma under control."
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Long-term exercisers have 'healthier' belly fat | ScienceDaily
People with obesity who are long-time exercisers have healthier belly fat tissue and can store fat there more effectively than nonexercisers with obesity, according to a new study from a team of researchers at the University of Michigan.


						
The research team also grew fat tissue in the lab from cells collected from both exercisers and nonexercisers, and cells from the exercisers developed into a tissue that stored fat more effectively.

"Our findings indicate that in addition to being a means to expend calories, exercising regularly for several months to years seems to modify your fat tissue in ways that allows you to store your body fat more healthfully if or when you do experience some weight gain -- as nearly everyone does as we get older," said principal investigator Jeffrey Horowitz, professor of movement science at the U-M School of Kinesiology.

Researchers wanted to see the effects of years of regular exercise on fat tissue, but it's very difficult to design a study to track this long term. Instead, they compared two groups of adults with obesity: 16 people who reported exercising at least four times a week for at least two years -- the average was 11 years; and 16 people who'd never exercised regularly but matched in other things like body fat mass, weight and sex. The team took samples of belly fat tissue just under the skin from both groups.

They found that the exercisers had distinct structural and biological characteristics in their fat tissue that increased the capacity to store fat there. The nonexercisers did not have those characteristics. Specifically, the exercisers had more blood vessels, mitochondria and beneficial proteins, and less of a type of collagen that can interfere with metabolism and fewer cells that cause inflammation.

This matters because the healthiest place to store fat is the fat tissue just under the skin where the samples were taken, called subcutaneous adipose tissue. Increasing the capacity to store fat here through exercise reduces the need to store fat in unhealthy places, like in the fat tissue around the organs or in the organs themselves.

"Compared with our previous study in which we examined the effects of three months of training on fat tissue, we generally see these differences are more robust in people who exercise regularly for years versus those who don't exercise," Horowitz said.




It's important to note that increasing the capacity to store fat does not equate to gaining fat, which requires overeating.

"What it means is that if or when people experience weight gain, this excess fat will be stored more 'healthfully' in this area under the skin, rather than in the fat tissue around their organs (visceral fat) or an accumulation of fat in organs themselves, like the liver or heart."

One disease caused by unhealthy fat accumulation that's getting more attention in the U.S. and elsewhere is nonalcoholic fatty liver disease, which occurs most often in people with overweight or obesity. Excess fat builds up in the liver and can cause diseases like cirrhosis (seen most often with alcoholism) or cancer.

Horowitz said it's important to perform long-term studies to track people as they start and maintain an exercise program for several years to see how their fat tissue changes -- even if they don't change the amount of fat tissue they have. It's also important to know if there is a type or intensity of exercise that achieves a better response in modifying fat tissue.

In follow-up studies the team will also examine whether the fat tissue grown from exercisers and nonexercisers functions differently, and if there are other health-related differences that may translate to the health of the tissue and the person the cells came from.
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Gene therapy effective in hereditary blindness | ScienceDaily
Bothnia dystrophy is a form of hereditary blindness, prevalent in the region Vasterbotten in Sweden. A new study at Karolinska Institutet published in Nature Communications shows that gene therapy can improve vision in patients with the disease.


						
Bothnia dystrophy occurs mainly in the region Vasterbotten in Sweden, but the disease has also been identified in other parts of the world. The disease leads to progressive visual impairment due to the destruction of the visual cells in the retina. It is caused by an inherited genetic mutation that leads to damage to a particular protein in the eye. There is currently no treatment for the disease.

Researchers at the Karolinska Institute have now investigated whether gene therapy can improve vision in people with the disease. The researchers used a so-called viral vector, a specially designed virus that was genetically modified to contain a functioning RLBP1 gene, the gene that is damaged in Bothnia dystrophy.

The viral vector was injected under the retina through an advanced surgical procedure in 12 people with the disease. The aim is that after treatment, the viral vector will be taken up by the cells of the retina, where it can produce normal protein.

The preliminary results of the study show that the visual function of 11 of the subjects improved significantly.

"The results are important because hereditary blindness is the most common cause of blindness in younger and able-bodied people, and there is no treatment for the vast majority of those affected," says Helder Andre, one of the researchers behind the study, who works at the Department of Clinical Neuroscience, Karolinska Institutet.

After the procedure, the researchers followed the study subjects for a year to study the safety and effect of the drug on visual function. In eleven of the twelve study subjects, night vision, among other things, improved significantly, and in several participants, this led to improved self-perceived quality of life. No serious side effects linked to the drug were noted in the study.

"Our study gives hope that this large group of patients can have their vision restored in the future. The results also support the idea that gene therapy can work for hereditary diseases in general," says Anders Kvanta, professor of ophthalmology at the same department and the person who led the study.

The next step is a larger study comparing the effect on treated study subjects with a control group that has not been treated.

The study was conducted at St. Erik Eye Hospital in Stockholm. The sponsor of the study was Novartis and the study team included Novartis employees. None of the team at St. Erik's Eye Hospital has ties to Novartis or any other conflict of interest.
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Conscientiousness, not willpower, is a reliable predictor of success | ScienceDaily
According to two psychologists, the field of psychological science has a problem with the concept of self-control. It has named self-control both a "trait" -- a key facet of personality involving attributes like conscientiousness, grit and the ability to tolerate delayed gratification -- and a "state," a fleeting condition that can best be described as willpower. These two concepts are at odds with one another and are often confused, the authors report.


						
"Self-control is a cherished quality. People who have lots of it are celebrated and seen as morally righteous," wrote University of Toronto psychology professor Michael Inzlicht and University of Illinois Urbana-Champaign psychology professor Brent Roberts in a review in the journal Current Opinion in Psychology. Many studies find that people who score highly on various measures of conscientiousness do better than their peers academically and financially and tend to live healthier lives.

This led psychologists to conflate momentary willpower with the other characteristics that make conscientious people successful, the researchers said.

"We assumed that highly conscientious people simply engage their willpower more often than their less-conscientious peers," Roberts said. "But this is not the case. Conscientious people do not control themselves more than others. In fact, studies have shown that they spend less time restraining wayward desires. This was a surprise when it was discovered more than a decade ago."

The misguided emphasis on willpower led to interventions designed to increase it, with the goal of also strengthening conscientiousness. This approach occasionally yielded some positive short-term results, the researchers said. But in the long term, such changes tend to erode.

"People usually revert to their baseline levels of willpower and conscientiousness," Inzlicht said. "Willpower is generally fragile, unreliable and weak."

The science strongly suggests that other aspects of "trait self-control" are more likely to contribute to the lifelong benefits associated with this trait, Inzlicht said.




"Perhaps it's their industriousness or organizational skills," he said. "Or maybe it's their ability to persist in pursuit of a goal."

"We wonder if we should abandon the term 'self-control' when referring to traits and instead refer to conscientiousness," the researchers wrote. "Consider the alternative universe if we had settled on the name 'planfulness' or 'consideration of future consequences.'"

"Success in life might be the result of engaging less in day-to-day willpower and more in cold calculation before a temptation is ever met," they said. "Maybe conscientiousness is explained not by exerting willpower, but by avoiding the need to exert it in the first place."

Ultimately, Inzlicht and Roberts wrote, they aim to "highlight the need for a broader conceptualization of self-control in psychological research and interventions."

Roberts also is an affiliate of the Carl R. Woese Institute for Genomic Biology at the U. of I.

The Social Sciences and Humanities Research Council of Canada and the Natural Sciences and Engineering Council of Canada supported this work.
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Researchers identify new tools for anti-Acinetobacter drug development and AMR preparedness | ScienceDaily
University of Liverpool researchers have engineered a library of strains that can be used to develop new antibacterial compounds to help address antimicrobial resistance (AMR) in Acinetobacter baumannii bacteria.


						
Acinetobacter baumannii (or A. baumannii) is a bacterial species commonly found in environmental settings such as water and soil. It is a known opportunistic pathogen that can cause serious infections, particularly in the bloodstream, urinary tract, lungs (resulting in pneumonia), or open wounds, especially in hospitalized or immunocompromised patients.

A. baumannii has been named as one of the top priority pathogens by the World Health Organization (WHO) and is the cause of most prevalent multi-drug resistant infections in healthcare settings. A. baumannii persists in hostile environments by readily forming biofilms -- clusters of microorganisms that stick to non-biological surfaces -- and utilising multiple resistance mechanisms to overcome exposure to antimicrobial agents and other environmental toxins. These properties have facilitated the global emergence of multiple drug-resistant and extremely drug-resistant phenotypes.

Described in a new study published in Antimicrobial Agents and Chemotherapy, the researchers have created the mutant strains using molecular engineering to insert various resistance motifs into A. baumannii bacteria.

The strains will facilitate the study of the pharmacodynamics and efficacy of anti-Acinetobacter compounds. This experimental platform is potentially useful for global preparedness to combat the ever-evolving threat of multi-and extremely drug-resistant A. baumannii infections.

Corresponding author Dr Vineet Dubey, Postdoctoral Research Associate at the University of Liverpool said: "This innovative approach offers a powerful tool to study the pharmacodynamics of novel therapeutics against A. baumannii. Our molecular constructs have demonstrated both stability and virulence in experimental models, ensuring robust and reliable data. The modularity of our system enables the exploration of emerging resistance mechanisms, including the ability to express multiple resistance genes, thereby facilitating the study of complex resistance networks in A. baumannii."
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Novel bone cancer therapy has 99% success rate, tests show | ScienceDaily
Bioactive glasses, a filling material which can bond to tissue and improve the strength of bones and teeth, has been combined with gallium to create a potential treatment for bone cancer.


						
Tests in labs have found that bioactive glasses doped with the metal have a 99 percent success rate of eliminating cancerous cells and can even regenerate diseased bones.

The research was conducted by a team of Aston University scientists led by Professor Richard Martin who is based in its College of Engineering and Physical Sciences.

In laboratory tests 99% of osteosarcoma (bone cancer) cells were killed off without destroying non-cancerous normal human bone cells. The researchers also incubated the bioactive glasses in a simulated body fluid and after seven days they detected the early stages of bone formation.

Gallium is highly toxic, and the researchers found that the 'greedy' cancer cells soak it up and self-kill, which prevented the healthy cells from being affected. Their research paper "Multifunctional Gallium doped bioactive glasses: a targeted delivery for antineoplastic agents and tissue repair against osteosarcoma" has been published in the journal Biomedical Materials.

Osteosarcoma is the mostly commonly occurring primary bone cancer and despite the use of chemotherapy and surgery to remove tumours survival rates have not improved much since the 1970s. Survival rates are dramatically reduced for patients who have a recurrence and primary bone cancer patients are more susceptible to bone fractures.

Despite extensive research on different types of bioactive glass or ceramics for bone tissue engineering, there is limited research on targeted and controlled release of anti-cancer agents to treat bone cancers.




Professor Martin said: "There is an urgent need for improved treatment options and our experiments show significant potential for use in bone cancer applications as part of a multimodal treatment.

"We believe that our findings could lead to a treatment that is more effective and localised, reducing side effects, and can even regenerate diseased bones.

"When we observed the glasses, we could see the formation of a layer of amorphous calcium phosphate/ hydroxy apatite layer on the surface of the bioactive glass particulates, which indicates bone growth." The glasses were created in the Aston University labs by rapidly cooling very high temperature molten liquids (1450 degrees C) to form glass. The glasses were then ground and sieved into tiny particles which can then be used for treatment.

In previous research the team achieved a 50 percent success rate but although impressive this was not enough to be a potential treatment. The team are now hoping to attract more research funding to conduct trials using gallium.

Dr Lucas Souza, research laboratory manager for the Dubrowsky Regenerative Medicine Laboratory at the Royal Orthopaedic Hospital, Birmingham worked on the research with Professor Martin. He added: "The safety and effectiveness of these biomaterials will need to be tested further, but the initial results are really promising.

"Treatments for a bone cancer diagnosis remain very limited and there's still much we don't understand. Research like this is vital to support in the development of new drugs and new methodologies for treatment options."
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Early exposure to diverse faces helps babies overcome prejudices later in life | ScienceDaily
Babies who have more diverse social contacts in the first years of their life can get over their prejudices more easily by the age of 17. That's according to research by neuroscientist Saskia Koch of the Donders Institute and Radboud University.


						
When people have stereotypes in their minds, it can influence their behavior. Koch: "When you make an assumption about the person sitting across from you, it can influence how you interact with that person. Think about the difference between how you would talk to a child or an adult."

For her research, Koch used data from the Nijmegen longitudinal study. In this study, young people are followed from infancy. Teenagers still participating in that study were given a new task, but first they looked at how often they went to day care as babies. "We assumed that children who went to day care more often had more diverse social contacts: they saw different nannies, but also met different children, from all walks of life." Then, as 17-year-olds, the same children were given the task of playing a game.

Game

In the game, they had to play together with another person they could not see. Both players had the goal of locating an object on a gameboard. Only the 17-year-old knew where the object was. Without communicating verbally, the 17-year-olds had to make this location clear to the other. Koch: "They had to come up with communicative patterns that would help the other person find the object. This could for example be done by making certain movements."

For one game, the 17-year-olds were told they were playing with a 5-year-old and for another game they learned they were dealing with an adult, while in reality it was the same person each time. Initially, the 17-year-olds adjusted their communicative patterns when they thought they were interacting with the child by placing more emphasis on their movements. How quickly they abandoned this pattern depended on how much time they spent in day care. Koch: "We saw that 17-year-olds who had come into contact with many different people as infants were more likely to get over a stereotype. They did not linger long in the idea that they were playing with a child, by moving more slowly. They found out in the interaction that the 'child' was also very good and relied more often on that interaction. They then based their play on that."

Letting go of stereotypes

According to the researcher this means that babies who have had more diverse social interactions can more easily let go of a stereotype later in life. They are more sensitive to social interaction and can more quickly let go of the image they have in their minds of their peers. Koch: "Gaining many diverse social experiences early in life allows us to adapt better to the needs of our partners in social interaction."
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Towards a better understanding of epigenetics and dynamic gene silencing and reactivation | ScienceDaily
One of the most fascinating discoveries in biology is that cells have mechanisms for dynamically regulating genetic expression. This ability to promote or restrict the transcription of specific genes without altering the DNA sequences themselves is essential to all forms of life, from single-cell organisms to the most complex plants and animal species.


						
While our understanding of these so-called epigenetic mechanisms is far from complete, remarkable progress has been made in this field with the understanding of the role of the Polycomb Repressive Complex 2 (PRC2). PRC2 is a protein that, in many plants, binds to specific DNA sequences called polycomb response elements (PREs) and applies a chemical mark to nearby histones (the structural support of DNA in the nucleus). Known as "trimethylation of H3K27 (H3K27me3)," this chemical modification prevents nearby genes from being converted into RNA and, in turn, into proteins, effectively silencing them. Despite this knowledge, however, scientists haven't yet understood how genes silenced by PRC2 can be turned back on.

In a recent study published in eLife, a research team from Nara Institute of Science and Technology (NAIST) in Japan sought to find answers to this puzzle. Led by Nobutoshi Yamaguchi, the team conducted extensive experiments on genetically modified Arabidopsis thaliana plants, revealing key parts of the complex epigenetic orchestra that goes on within these and many other organisms.

The researchers mostly focused on Set Domain-containing Protein 7 (SDG7), which is known to regulate the methylation of proteins in the cell cytosol (intracellular fluid). Preliminary experiments revealed that SDG7 is also present in the cell nucleus, which prompted the team to investigate further.

After an extensive series of analyses and measurements on mutant A. Thaliana cultures, the researchers uncovered a new role for SDG7. It turns out this protein also binds to PREs, competing with PRC2. Moreover, SDG7 can actually displace PRC2, preventing it from leaving the H3K27me3 mark. On top of this, SDG7 adds an active histone mark itself via the methylation of H3K36. After H3K36 methylation is in place, the protein pair SDG8 and Polymerase Associated Factor 1 (PAF1) spread this active mark across the gene's body, resulting in efficient gene activation.

In a way, the histone sites H3K27 and H3K36 can be interpreted as a "switch" that can dynamically turn on and turn off the expression of specific genes. "This simple and elegant antagonistic molecular switch between H3K27 and H3K36 methylation is ideally suited for epigenetic reprogramming during plant development," highlights Yamaguchi. "Since switching between H3K27 and H3K36 methylation has been seen in many flowering plants, the competitive mechanism between SDGs and PRC2 at PREs may be conserved across many plant species during for controlling development."

This study sheds light on the intricate epigenetic mechanisms that countless species of plants and animals may rely on, potentially paving the way for future breakthroughs in the agricultural, horticultural, and farming fields. "We believe our findings will be of broad general interest to plant biologists and epigeneticists, given the widespread role of epigenetic regulation in gene expression during development and environmental responses," concludes Yamaguchi.
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Study identifies areas of Europe at risk from dengue fever due to spread of Asian tiger mosquito | ScienceDaily
As Europe grapples with the growing threat of tropical diseases brought by the Asian tiger mosquito, a research breakthrough led by the UK Centre for Ecology & Hydrology (UKCEH) is enabling scientists to accurately predict towns across the continent where there is a high risk of dengue fever.


						
Global movement of people, trade and climate change, are now putting half the world's population are at risk of contracting dengue fever*. Commonly referred to as the 'bone breaker', the disease may cause severe muscle and joint pain, and in some cases can result in internal bleeding and death.

The spread of the Asian tiger mosquito (Aedes albopictus) has caused local outbreaks of dengue in France including Paris, as well as Italy and Spain, contracting the virus by biting returning travellers who were infected while abroad and then transmitting it to other people in the area.

Scientists expect this invasive mosquito species to eventually gain a foothold in the UK.

Improving disease prediction

Previous disease risk predictions indicated large regions, such as the whole of southern Europe, had a similar risk of local dengue cases over long timeframes, leaving local authorities uncertain whether their area was likely to be affected and action to prevent outbreaks was necessary.

But the UKCEH-led advanced high-resolution modelling divides Europe as well as eastern Asia and North America into 10km squares, providing daily risk assessments for each area. The new research involves a more detailed study of the entire life cycle of a mosquito, examining the impact of local climate and competition for food on species traits such as how long it lives and the number of eggs it lays. This provides more accurate assessments of where, when and for how long there are likely to be local dengue cases.




The new modelling has already correctly predicted the locations of several towns that have gone on to have their first dengue outbreaks this year including La Colle-sur-Loup, Baho and Montpellier-Perols in southern France, and Vila-seca, north-east Spain.

Dr Dominic Brass, an epidemiological modeller at UKCEH, who led the study, published in Nature Communications, says: "We predict that the parts of Europe most affected by dengue fever will continue to be southern France and northern Italy, due to a favourable climate, a stable mosquito population and the high number of travellers returning from tropical countries where the disease is prevalent.

"However, areas of risk are expanding northwards. Our ongoing research is modelling of the likely extent of future outbreaks in Europe under future climate change."

Guiding action

The study team, from UKCEH, University of Glasgow, University of Reading, and Biomathematics and Statistics Scotland, hopes its more accurate predictions will guide preventative measures in areas that are at risk of dengue outbreaks. Possible action includes checking areas where mosquitoes typically lay their eggs such as standing water, as happened at the Paris Olympics, as well as advising the public to protect themselves against bites.**

Study senior author Dr Steven White of UKCEH says: "Our novel modelling technique shows remarkable accuracy for identifying the seasonal patterns and mechanisms of the risk of dengue fever outbreaks, providing a valuable tool for authorities drawing up action plans to prevent and control the spread of the disease."

Rapid spread




In regions where Asian tiger mosquitoes are already established -- including 13 countries in Europe -- it is invaluable to know the times of year when there is greatest risk of a dengue fever outbreak, and how severe the risk is.

For other areas, it is useful to know what the disease risk would be if the species did arrive. This change can happen fairly quickly; Paris, for example, went from the first detection of the tiger mosquito in 2015 to having a dengue outbreak last year.

So far, the French capital is the most northerly place in Europe where there has been a local outbreak of dengue fever, and it also had a locally acquired (autochthonous) case of chikungunya disease in July after someone was bitten by an infected Asian tiger mosquito.

The UKCEH researchers say the modelling principles used in the dengue fever study can also be applied to other diseases transmitted by the tiger mosquito, such as chikungunya or Zika. They are currently drawing up risk maps for these diseases.

Asian tiger mosquito eggs have been found in south-east England, but the species has not yet become established in the UK. However, the research team warns this is likely to change in the future as the UK feels the effects of climate change.

*About dengue fever

Dengue is a viral infection for which there is no specific treatment, though symptoms can usually be treated by general medicines. Most people are either asymptomatic or have flu-like conditions but in some people get severe muscle and joint pain, and in some cases, it causes internal bleeding and can be fatal.

Since the beginning of 2024, over 12 million dengue cases and over 8,000 dengue-related deaths have been reported from 86 countries/territories, according to the ECDC. The total cases so far is already more than twice the number of cases reported throughout 2023

Globally, the disease is mainly spread by Yellow fever mosquito (Aedes aegypti), which transmits several viruses but is now largely absent from Europe.

Why are Asian tiger mosquitoes spreading?

Tiger mosquitoes are native to the tropical forests of south-east Asia but in the past 50 years have expanded their range to the Americas, Africa, the Middle East and Europe due the global movement of people and trade. Their eggs can become concealed within used tyres imported from Asia, and adult mosquitoes can be moved from one area to another by human transport.

A warmer climate in northern hemisphere countries means the mosquitoes' eggs are more likely to survive, thereby increasing populations, and hotter temperatures cause viruses to replicate faster.

What is being done to tackle the species and dengue fever?

Effective early diagnosis of conditions provides a warning about a local outbreak, so authorities can communicate the risks to the public.

**Personal measures to reduce the risk of bites include wearing clothes that cover most of the body as well as the use of mosquito repellent and screens over windows and doors. People in at-risk areas are advised be aware of potential mosquito breeding grounds, particularly standing water, including ensuring air conditioner drains are free of water, keeping bins covered to prevent them gathering rain and regularly changing water in birdbaths

Measures by local authorities to tackle dengue fever outbreaks when they occur include fumigation of potential mosquito breeding sites, open spaces and infected people's homes.

In Northern Europe, the focus is on preventing further expansion of Asian tiger mosquitoes through surveillance, particularly around container ports and other major goods corridors.
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Experimental blood test predicts risk for developing COPD, other severe respiratory diseases | ScienceDaily
A scientific team supported by the National Institutes of Health (NIH) has created a preclinical blood test to identify adults most likely to develop severe respiratory conditions, including chronic obstructive pulmonary disease (COPD). The blood test analyzes 32 proteins that scientists determined accurately predicted an adult with an increased likelihood for requiring medical care for or dying from severe respiratory illness. The risk score was based on lung health data collected from nearly 2,500 U.S. adults over a 30-year period. The findings were published in the American Journal of Respiratory and Critical Care Medicine.


						
"We are still not ready for this test to be used in practice, but it's a promising advance," said James P. Kiley, Ph.D., director of the Division of Lung Diseases at NIH's National Heart, Lung, and Blood Institute (NHLBI), which funded the study. "It consolidates insights from decades of breathing tests and medical evaluations into a single tool that has the potential to identify patients at risk for severe disease and complications."

To create the risk score, investigators first reviewed lung health data collected from 2,470 adults, ages 18-30, who participated in a 30-year cardiovascular health study. They then screened thousands of proteins from blood samples provided by participants at the 25-year mark and selected 32 that best predicted which participants were having a rapid decline in lung function. These 32 proteins were then compiled in a score to predict how likely a person would either need medical treatment for or die from a lung condition or severe respiratory event.

Adults with higher scores had a 17% increased chance of requiring hospital care for respiratory illness, an 84% increased chance of developing COPD, and at least an 81% increased chance of dying from a respiratory disease, such as COPD or pneumonia. Adults with higher scores also had a 10% increased chance of experiencing respiratory exacerbations, such as a cough, mucus, or shortness of breath, that required treatment.

"Loss of lung function on a year-over-year basis is associated with poor respiratory health outcomes, but we do not have a good way to easily figure out if a patient is on a steep trajectory of lung function decline," said Ravi Kalhan, M.D., a study coauthor and the Louis A. Simpson Professor of Pulmonary Medicine at the Northwestern University Feinberg School of Medicine, Chicago. "If we had an easy-to-implement clinical tool, like a blood test, that captured someone's lung function trajectory at a single time point, it would enable earlier interventions which might, in the long run, improve lung health."

Participants in the decades-long study took breathing tests to measure their lung function -- up to six times throughout the study -- and generated other lung health data. Throughout this period, 2,332 participants experienced a normal decline in lung function and 138 experienced a sharp decline.

To test the risk score, researchers used it to retrospectively assess respiratory disease risks in more than 40,000 adults from two earlier observational studies. The prediction model successfully identified adults who had the greatest chance of having severe respiratory conditions after multiple factors, including sex, race, body weight, asthma, and a history of smoking, were accounted for.

"Similar to using cholesterol levels to gauge a patient's risk for having a heart attack, we're looking at biological pathways to predict a person's risk for having COPD or severe complications from COPD," said Gabrielle Y. Liu, M.D., a study coauthor, pulmonologist, and an assistant professor of medicine at the University of California, Davis Medical Center in Sacramento.

This type of blood test still needs to be studied in clinical trials before being considered for approval by the Food and Drug Administration as a screening tool to help predict risks for chronic respiratory diseases. These conditions affect millions of adults worldwide and were the third-leading cause of death in 2019. Leading risk factors include smoking, air pollution, and exposure to chemicals or lung irritants, including gas, fumes, and dust, in the workplace.
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Girls may start puberty early due to chemical exposure | ScienceDaily
Girls exposed to certain endocrine-disrupting chemicals (EDCs) may be more likely to start puberty early, according to new research published in Endocrinology, the flagship basic science journal of the Endocrine Society. EDCs mimic, block or interfere with hormones in the body's endocrine system.


						
There has been an alarming trend toward early puberty in girls, suggesting the influence of chemicals in our environment. Early puberty is associated with an increased risk of psychosocial problems, obesity, diabetes, cardiovascular disease, and breast cancer.

"We conducted a comprehensive screen of 10,000 environmental compounds with extensive follow-up studies using human brain cells that control the reproductive axis, and our team identified several substances that may contribute to early puberty in girls," said study author Natalie Shaw, M.D., M.M.Sc., of the National Institutes of Health's (NIH) National Institute of Environmental Health Sciences (NIEHS) in Durham, N.C.

Those substances include musk ambrette, which is a fragrance used in some detergents, perfumes, and personal care products, and a group of medications called cholinergic agonists.

"More research is needed to confirm our findings," noted Shaw. "But the ability of these compounds to stimulate key receptors in the hypothalamus -- the gonadotropin-releasing hormone receptor [GnRHR] and the kisspeptin receptor [KISS1R] -- raises the possibility that exposure may prematurely activate the reproductive axis in children."

According to the research team, musk ambrette is potentially concerning because it can be found in personal care products, and some rat studies have suggested it can cross the blood-brain barrier. Children are less likely to encounter cholinergic agonists in their daily lives.

Canadian and European regulations restrict musk ambrette use because of its potential toxicity, and the U.S. Food and Drug Administration removed the fragrance from its "generally recognized as safe" list. Yet it is still available on the market in some personal care products.




"This study suggests that, out of an abundance of caution, it is important for parents to only use personal care products for their children that are federally regulated," Shaw said.

As part of the study, the research team screened a Tox21 10,000-compound library of licensed pharmaceuticals, environmental chemicals and dietary supplements against a human cell line overexpressing GnRHR or KISS1R. They conducted follow-up analysis using human hypothalamic neurons and zebrafish, finding that musk ambrette increased the number of GnRH neurons and GnRH expression.

"Using human hypothalamic neurons and zebrafish provides an effective model for identifying environmental substances that stimulate the KISS1R and GnRHR," said co-author Menghang Xia, Ph.D., from the National Center for Advancing Translational Sciences (NCATS) in Bethesda, Md., which is part of NIH. "This study was a multidisciplinary team effort, and it showed that we can efficiently reduce the time and cost of assessing environmental chemicals for their potential effects on human health."

Other study authors include: Shu Yang, Li Zhang, Jameson Travers, Ruili Huang, Vukasin Jovanovic, Rithvik Veeramacheni, Srilatha Sakamuru, Carlos Tristan, Carleen Klumpp Thomas, and Anton Simeonov of NCATS; Kamal Khan and Erica Davis of Northwestern University in Chicago, Ill.; and Kristine Witt of the NIEHS Division of Translational Toxicology.

NIEHS and NCATS funded the study.
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Delayed feedback enhances learning performance in individuals with traumatic brain injury, study indicates | ScienceDaily
Kessler Foundation researchers have published a novel study exploring the effects of delayed feedback on learning in individuals with moderate-to-severe traumatic brain injury (TBI). The article, "Bypassing Striatal Learning Mechanisms Using Delayed Feedback to Circumvent Learning Deficits in Traumatic Brain Injury," was published online ahead of print on July 24, 2024, in The Journal of Head Trauma Rehabilitation.


						
The goal of this study was to assess the effects of delayed vs. immediate performance feedback on learning in individuals with TBI and to examine the associated brain networks. The findings revealed that delayed feedback led to better learning performance compared to immediate feedback or no feedback at all. This finding also suggests that delayed feedback may engage brain regions responsible for memory retrieval and confidence.

Foundation authors from the Center for Traumatic Brain Injury Research include Ekaterina Dobryakova, PhD, Tien T Tong, PhD, Olesya Iosipchuk, Anthony Lequerica, PhD, Veronica Schneider, Nancy Chiaravalloti, PhD, joined by Joshua Sandry, PhD, Psychology Department, Montclair State University.

"The observed results might be explained by delayed feedback processing circumventing the striatal dopaminergic regions of the brain responsible for learning from immediate feedback that are impaired in TBI," said lead author Dr. Dobryakova, assistant director, Neuroscience Research at the Foundation. The study also showed that participants had higher confidence in their learning performance during delayed feedback trials, supported by increased brain activity in the superior parietal and angular gyrus -- areas linked to successful memory retrieval and higher memory confidence.

Twenty-eight participants with moderate-to-severe TBI participated in a paired-associate word learning task while undergoing magnetic resonance imaging (MRI). Feedback was presented either immediately, after a delay, or not at all, with behavioral and brain imaging data revealing the advantages of delayed feedback. The main measures included learning performance accuracy, confidence ratings, a post-task questionnaire, and blood oxygen level-dependent signal.

"While the majority of existing studies have focused on immediate feedback, the impact of delayed feedback on learning is understudied. Prior research has demonstrated that learning from immediate and delayed feedback employed distinct brain regions in healthy individuals," explained Dr. Dobryakova. "Our study suggests that, in individuals with TBI, delayed feedback may be a valuable tool for improving learning outcomes by engaging brain regions associated with memory retrieval and confidence, thereby bypassing the impaired immediate feedback processing pathways."

This research was supported by This work was supported by The New Jersey Commission on Brain Injury Research [grant number CBIR17PIL022).
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Pressure sensing by muscles is a promising new target for treatments | ScienceDaily
A new study from Umea University, Sweden, shows that the body's muscles sense mechanical pressure. This new discovery has important implications for movement neuroscience and may improve the design of training and rehabilitation to relieve stiff muscles.


						
"The results provide an important piece of the puzzle in understanding what information our nervous system receives from muscles," says Michael Dimitriou, associate professor at the Department of Medical and Translational Biology, Umea University and the researcher who led the study.

The study focuses on muscle spindles which are the main sensory receptors for proprioception. This is the 'hidden sixth sense' about the mechanical state of the body and is crucial for the proper control of movements.

In the study, the researchers applied different levels of pressure on forearm muscles of awake volunteers, while recording signals from nerve fibers of muscle spindles located in the pressed muscle. When the participants' hands were still, the muscle spindles reacted strongly to muscle pressure, suggesting that pressure alone is a sufficient stimulus for these receptors.

The study also showed that when the hand was in motion, the pressure significantly enhanced the spindles' response to muscle stretch. This finding challenges the current understanding that muscle spindles only respond to stretch.

These discoveries could lead to significant advances in treating neuromuscular conditions, optimizing athletic training, and refining physical therapy techniques. For instance, better understanding of how muscle spindles detect pressure could provide new methods for managing muscle cramps or improving muscle recovery after injury.

The researchers also found that when they suddenly removed pressure from muscles, the activity of spindles dropped rapidly below normal levels. Because spindle signals reflexively increase muscle contraction and stiffness, weaker spindle signals are typically associated with less muscle stiffness. This finding led the researchers to propose the "triple-eight" technique for quickly relieving muscle stiffness.




It is well known that massage and trigger-point therapy can help alleviate muscle pain and stiffness. However, the underlying mechanisms have been unclear.

"If you don't know why an effect happens, it is hard to optimize this effect. In our study, we show that applying local pressure for just eight seconds and then suddenly removing it leads to a strong inhibition of spindle activity, especially if this is done twice in a row," says Michael Dimitriou.

The 'triple-eight' technique involves using a small object or finger to apply low to moderate levels of pressure over a sore or stiff muscle area for eight seconds, releasing pressure for eight seconds, and reapplying pressure for another eight seconds, followed by a slow stretching of the relaxed muscle.

"Anyone can use the 'triple-eight' technique for quickly reducing muscle stiffness," says Michael Dimitriou.
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Pausing biological clock could give boost to lab-produced blood stem cells | ScienceDaily
A decade ago, Raquel Espin Palazon discovered that inflammatory signaling pathways must switch on for embryos to produce blood stem cells. The latest work from her lab shows the potential value of keeping those same signals switched off after their initial activation.


						
The new research from a team led by Espin Palazon and Clyde Campbell, assistant professors of genetics, development and cell biology at Iowa State University, will benefit efforts to develop lab-grown, patient-derived blood stem cells. The promising but work-in-progress advancement in regenerative medicine could eliminate the need for bone marrow transplants to treat blood disorders such as leukemia, lymphoma and anemia with stem cell injections.

Timing is the key to the findings, published Sept. 6in Nature Communications. Espin Palazon's earlier work established that NF-kB -- a well-studied network of proteins that helps trigger inflammation, the host of reactions our bodies use to fight infections, injuries and other perceived dangers -- was essential as blood stem cells form. Understanding when and why inflammatory signals appear will help replicate the process.

"This was really a huge step forward for the lab-based production of blood stem cells. Those protocols are going to be more precise and efficient," Espin Palazon said.

Signals come in waves

Stem cells are how organisms grow, repair and renew, the source of every new cell. Some stem cells can create any type of cell, while others are specialized. The hundreds of billions of new blood cells a human makes every day come from specialized hematopoietic stem cells in our bone marrow. A lifetime supply of hematopoietic stem cells is created before birth inside an embryo.

Espin Palazon and Campbell's research group works on zebrafish, a common subject in medical research because they are genetically similar to humans and lay fast-developing eggs outside their bodies. By inserting fluorescence-producing reporter genes, scientists can make selected types of protein and gene expression visibly glow. Tracking real-time NF-kB expression in zebrafish embryos with a reporter line that only lights up briefly, the Iowa State-led team found that inflammatory signaling activates in two waves. Switching on and off twice acts as a biological clock, coordinating a progression that converts some of an embryo's vascular cells into blood stem cells.




If the first wave doesn't arrive, cells aren't primed for the transition. If the second wave doesn't arrive, newly created stem cells don't detach from blood vessels and rush off into service. In between the waves, blood stem cells are born and proliferate modestly. But if the second wave is delayed, they keep proliferating, researchers found.

"By manipulating that signaling, we can create a massive amount of blood stem cells," Espin Palazon said.

'I nearly fell out of my chair'

Researchers had no inclination that inhibiting the reactivation phase could rev up blood stem cell production, Campbell said.

"I was the first person to see it through the microscope, and I nearly fell out of my chair. I yelled at Raquel, 'What is this?' It's one of those moments you love to have in science. There are just a few times when you see something that blows you away. I expected to see maybe eight stem cells, and instead I saw hundreds," Campbell said.

Finding a way to potentially amplify yield is intriguing because the existing methods for culturing blood stem cells produce few functional cells, Espin Palazon said. The process involves genetically reprogramming mature cells to behave like the make-anything stem cells abundant in embryos, then using those induced pluripotent stem cells to generate blood stem cells. Further study is needed to figure out how the deeper insight into inflammatory signal timing can be used to improve the protocols for creating blood stem cells in a lab.




"Now, it's all about optimization and integration of these signals," Campbell said.

What's next

For years, Espin Palazon and Campbell have collaborated with the researchers at the Children's Hospital of Philadelphia, which does extensive work on induced pluripotent stem cells. Researchers there confirmed the NF-kB signaling has similar timing patterns and effects in lab efforts to produce human blood stem cells.

While they will continue to collaborate with the hospital, the ISU researchers will soon be able to study the process in-house. A $2 million, 5-year grant from the National Institutes of Health helped fund both the newly published research and the creation of a cell culture lab on Iowa State's campus capable of generating induced pluripotent stem cells. Campbell, who spent a month learning the protocols at the Philadelphia hospital, said the lab should be up and running by the end of the year.

Espin Palazon and Campbell said they expect the methods and findings from their latest work will translate to the study of other types of stem cells, the aging process and patient-derived immunotherapy to treat cancer. Scientists continue to learn more about the varying functions of inflammation signaling throughout life.

"Inflammatory networks are required to start life, they keep us alive by fighting infections and viruses and, in the end, can cause our demise," Campbell said.
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New AI can ID brain patterns related to specific behavior | ScienceDaily
Maryam Shanechi, the Sawchuk Chair in Electrical and Computer Engineering and founding director of the USC Center for Neurotechnology, and her team have developed a new AI algorithm that can separate brain patterns related to a particular behavior. This work, which can improve brain-computer interfaces and discover new brain patterns, has been published in the journal Nature Neuroscience.


						
As you are reading this story, your brain is involved in multiple behaviors.

Perhaps you are moving your arm to grab a cup of coffee, while reading the article out loud for your colleague, and feeling a bit hungry. All these different behaviors, such as arm movements, speech and different internal states such as hunger, are simultaneously encoded in your brain. This simultaneous encoding gives rise to very complex and mixed-up patterns in the brain's electrical activity. Thus, a major challenge is to dissociate those brain patterns that encode a particular behavior, such as arm movement, from all other brain patterns.

For example, this dissociation is key for developing brain-computer interfaces that aim to restore movement in paralyzed patients. When thinking about making a movement, these patients cannot communicate their thoughts to their muscles. To restore function in these patients, brain-computer interfaces decode the planned movement directly from their brain activity and translate that to moving an external device, such as a robotic arm or computer cursor.

Shanechi and her former Ph.D. student, Omid Sani, who is now a research associate in her lab, developed a new AI algorithm that addresses this challenge. The algorithm is named DPAD, for "Dissociative Prioritized Analysis of Dynamics."

"Our AI algorithm, named DPAD, dissociates those brain patterns that encode a particular behavior of interest such as arm movement from all the other brain patterns that are happening at the same time," Shanechi said. "This allows us to decode movements from brain activity more accurately than prior methods, which can enhance brain-computer interfaces. Further, our method can also discover new patterns in the brain that may otherwise be missed."

"A key element in the AI algorithm is to first look for brain patterns that are related to the behavior of interest and learn these patterns with priority during training of a deep neural network," Sani added. "After doing so, the algorithm can later learn all remaining patterns so that they do not mask or confound the behavior-related patterns. Moreover, the use of neural networks gives ample flexibility in terms of the types of brain patterns that the algorithm can describe."

In addition to movement, this algorithm has the flexibility to potentially be used in the future to decode mental states such as pain or depressed mood. Doing so may help better treat mental health conditions by tracking a patient's symptom states as feedback to precisely tailor their therapies to their needs.

"We are very excited to develop and demonstrate extensions of our method that can track symptom states in mental health conditions," Shanechi said. "Doing so could lead to brain-computer interfaces not only for movement disorders and paralysis, but also for mental health conditions."
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Framing climate action as patriotic and status-quo friendly increases liberals' and conservatives' belief in climate change | ScienceDaily
Conservatives and liberals may be at odds in their views on environmental issues, but a new psychology study shows that framing the need to address climate change as patriotic and as necessary to preserve the American "way of life" can increase belief in climate change and support for pro-environmental policies among both groups.


						
"Framing climate change action as a way to protect and preserve patriotic values and familiar ways of life can improve climate awareness and motivate action across the American political spectrum," says Katherine Mason, a New York University doctoral student and the lead author of the study, which appears in the Proceedings of the National Academy of Sciences (PNAS). "This approach encourages people to see climate action as a way to celebrate and sustain cherished cultural traditions, rather than having to relinquish or replace them."

The findings, which stem from an experiment involving 50,000 participants across 60 countries, showed such messaging had similar, though smaller, effects among liberals in some nations, including France and Chile, and among conservatives in Israel and Chile. However, it backfired among conservatives in other nations -- notably, Belgium, Germany, and Russia.

Overall, the results are at odds with much of today's pro-environment messaging, which often centers on doomsday scenarios, overhauling our socioeconomic system, or radically altering our consumption habits.

"It is crucial to avoid triggering...existential threats, insofar as these can motivate system defensiveness and backlash against pro-environmental initiatives," write the authors, who also included John Jost, a professor in NYU's Department of Psychology, and Madalina Vlasceanu, an NYU assistant professor at the time of the study and now at Stanford University.

In the PNAS study, participants were informed they would be asked to read some information, report on their beliefs and behaviors, and write a small paragraph. To ensure a common understanding of climate change, they were given the following definition: "Climate change is the phenomenon describing the fact that the world's average temperature has been increasing over the past 150 years and will likely be increasing more in the future."

Participants assigned to the control condition then read a literary passage from Charles Dickens' 1861 novel Great Expectations, which made no references to the climate. In the "framing" condition, participants read a message aimed at increasing feelings of connection to the existing social system, linking the nation's "way of life" to natural and cultural traditions and communicating that climate change poses a threat that requires patriotic, pro-environmental action to "protect and preserve" the national heritage "as it should be." The message, which was accompanied by photographs of cities, natural resources, people, and flags, was tailored to include country-specific terms.




Participants in the control and framing conditions were then asked to answer questions pertaining to belief in climate change, support for pro-environmental policies, and willingness to share climate information on social media.

Among US participants, those who read the patriotic/status quo message showed increased belief in climate change, more support for pro-environmental policies, and a greater willingness to share climate information on social media relative to the control group. Moreover, this message was similarly effective for conservatives and liberals.

"Climate change is a challenge that must urgently be tackled," says Mason. "Our approach tested the ways to communicate information about climate change that resonates with people's pre-existing values and beliefs. Crucially, these results suggest that messages aligning with preferences maintaining the status quo may improve climate awareness and action among not only conservatives -- whose attitudes are most in sync with such messages -- but also among liberals."

In the paper, the researchers offer a detailed analysis of findings from other nations, outlining similarities and differences from the US sample and possible reasons for them.

Katherine Mason was supported by the National Science Foundation Predoctoral Award at the time the research was conducted (DGE-2234660).
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Sickle cell patients who receive Lactated Ringer's solution for painful episodes experienced significant improvements | ScienceDaily
Sickle cell disease is a common genetic disorder characterized by periodic occurrences of pain which happen repeatedly through life. These episodes, referred to as a vaso-occlusive episodes, happen when sickled cells obstruct blood vessels. The degree of pain may range from a mild discomfort to a severe disabling pain where the person needs treatment in hospital.


						
A new study by researchers at Boston University Chobanian & Avedisian School of Medicine, Boston Medical Center's (BMC) Center of Excellence in Sickle Cell Disease, along with the Boston University Evans Center for Implementation and Improvement Science, has found that hospital-admitted patients who received the fluid Lactated Ringer's, a solution used to replace water and electrolyte loss in patients with low blood volume or low blood pressure, rather than normal saline, had shorter hospital lengths of stay, fewer readmissions to the hospital, and fewer days of intravenous opioid medications for pain control.

"Currently, patients with sickle cell disease who are admitted to the hospital for vaso-occlusive pain episodes usually receive normal saline and clinical decision support tools presently recommend normal saline. However, our results call these recommendations and current practice into question," says corresponding author Nicholas Bosch MD, MSc, assistant professor of medicine at the school.

Researchers used a large database that included patient data from more than 1,000 U.S. hospitals. They identified patients with sickle cell disease and vaso-occlusive pain episodes who were started on Lactated Ringer's solution or normal saline on the first day of hospitalization. They then used machine learning models to compare the rates of outcomes between the two.

They found those who were given Lactated Ringer's had more hospital-free days, shorter hospital length of stay and lower 30-day readmission risk compared to those who received normal saline.

According to the researchers, patients with sickle cell disease admitted with vaso-occlusive episodes are high utilizers of inpatient medical services and have frequent readmissions for additional care. "We believe switching from normal saline to Lactated Ringer's will not only improve outcomes for our patients, but also potentially lower healthcare costs," said Bosch, a pulmonologist at Boston Medical Center.

Typically, a randomized trial would be used to compare these fluid types, but Bosch said that would require a prohibitively large number of participants to enroll; a number that has never been reached in any clinical trial related to sickle cell disease. Instead, the research team a large observational datasets and machine learning models to duplicate the randomized trial that was prohibitively large to conduct. "Our results provide strong evidence that a change in standard practice is needed," adds Bosch.

These finding appear online in JAMA Internal Medicine.

This study was supported by National Institute of Health (NIH) National Center for Advancing Translational Sciences (NCATS) grant number 1KL2TR001411, 1UL1TR001430, the American Heart Association Career Development Award grant number 24CDA1267699 and the Boston University Chobanian & Avedisian School of Medicine Department of Medicine Career Investment Award.
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Urate transporter structures reveal the mechanism behind important drug target for gout | ScienceDaily
Scientists at St. Jude Children's Research Hospital have used cryo-electron microscopy to generate ten structures of URAT1, a protein linked to gout. Gout is a type of arthritis caused by excess urate levels, a byproduct of purine metabolism. URAT1 is a transporter that regulates urate levels, controlling its reabsorption in the kidneys. Despite being a target for drugs used to treat gout, little was known about how URAT1 works or how mutations or drugs affect its activity. The new structures of URAT1, in combination with substrates and inhibitors, illuminate the mechanism by which URAT1 transports urate and offer insights for future drug discovery efforts. The findings were published today in Cell Research.


						
The balance of metabolite production and removal is a finely regulated process orchestrated mainly by the kidneys. Tipping the balance either way, towards increased or decreased metabolite removal, has implications that can be felt throughout the body. Urate (uric acid) is a byproduct of the metabolism of purines, which produces compounds vital to DNA and RNA synthesis. When urate builds up, it can form crystals that accumulate in the joints and cause gout. URAT1 acts like a doorman to a busy club, promoting the re-entry of urate by moving chloride ions out of kidney cells.

A more holistic view on urate transport

Despite its vital link to diseases such as gout and its fundamental role in metabolic homeostasis, little was known about how URAT1 works. Some therapies exist for gout, but similarly, little was known about how they work. Chia-Hsueh Lee, PhD, Department of Structural Biology, sought to fill this gap in knowledge. "We were interested to see if we could study the structural mechanism of this transporter, with the ultimate goal of developing better drugs to treat gout," Lee said.

URAT1 is a member of the SLC22 family of transporters, and while some structures are available for other family members, they all show the protein open towards the inside of the cell (inward-facing state). "If you want to know the mechanism of a particular transporter, the more conformations you have, the better," said first author Yaxin Dai, PhD, Department of Structural Biology. "In our case, we captured three different confirmations: inward-facing, outward-facing and also a third, known as the occluded state, which means access to both the inside and outside of the cell is blocked."

They found that URAT1 functions quite differently compared to other SLC22 family members. "The amino acid sequence of URAT1 shows that it has evolved to use different substrates, but without the structure, it was hard to tell which amino acids are really important," said Lee. "With these structures, we now know exactly which specific amino acids interact with the substrate, among those that differ from other SLC22 transporters."

Structures rationalize drug and disease mechanisms

The researchers followed up this mechanistic study by obtaining the structures of URAT1 in the presence of three gout therapeutics: lesinurad, verinurad and dotinurad. "We can see the inhibitors very clearly, and in all three structures, URAT1 is in the inward-facing state. This clarity indicates that the inhibitors are very effective at keeping the protein in this conformation," Dai said. "From these observations, we conclude that the drugs work by locking URAT1 in the inward-facing state."

Along with offering insight into the transport mechanism of the protein and showing how gout drugs work, the structures also allowed the researchers to begin exploring the rationale behind URAT1 mutations linked to hypouricemia and other kidney diseases. "Without structural information, it's challenging to understand how specific mutations affect the function of the transporter. Now we can map those genetic variations onto the structure and explain their effects," Lee said. "This is a big step forward to understanding diseases linked to URAT1."

The study was supported by grants from the National Institutes of Health (R01GM143282 and R01NS133147) and ALSAC, the fundraising and awareness organization of St. Jude.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240909160318.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Effective new gene therapy to treat multiple sulfatase deficiency | ScienceDaily
Researchers from Children's Hospital of Philadelphia (CHOP) tested a preclinical model for an experimental gene therapy designed to treat multiple sulfatase deficiency (MSD), a disorder that affects the brain, lungs, skin, and skeleton with no currently approved treatments. The findings demonstrated several improvements in outcomes, paving the way for future translation into clinical trials. The findings were published today in the journal Molecular Therapy.


						
MSD is a lysosomal storage disorder caused by pathogenic varients of the SUMF1 gene. As a result, cells in the body are unable activate the sulfatases, an important group of enzymes required to break down different storage materials. When these cells are unable to break down these subtances, patients can experience a variety of devastating symptoms, with neurologic deterioration being the most severe symptom that patients with MSD face.

Researchers from CHOP have taken several key approaches toward understanding MSD and developing potential therapies to treat it. Currently, an international group of clinical, research and advocacy collaborators are working together to understand the natural history of MSD from mild to severe cases. The researchers also identified biomarkers associated with MSD, which could be used in a number of different future clinical trials of novel therapies.

"Since MSD is a multi-systemic disorder, we are exploring different approaches to gene therapy delivery, and hematopoietic stem cell transplant appeared to be a potentially effective way of directing gene therapy toward many different organs," said senior study author Rebecca Ahrens-Nicklas, MD, PhD, an attending physician with the Metabolic Disease Program and the Division of Human Genetics at CHOP. "A patient's own bone marrow cells can be transduced with the lentiviral vector to introduce a working copy of the gene that causes MSD. Then, the patient receives the corrected cells back via stem cell transplant, which is an approach that has proven to have worked for related disorders like metachromatic leukodystrophy."

In this study, researchers used a preclinical mouse model of MSD and tested this gene therapy approach on patient-derived stem cells and the animal model. In patient-derived cells, the vector improved protein expression, sulfatase activities, and glyosaminoglycan accumulation, which is important for a wide variety of key cell functions. In the mouse model, the gene therapy approach rescued biochemical deficits, including sulfatase activity and glycosaminoglycan accumulation that can lead to improper cell function, in MSD-affected organs post-symptom onset. Additionally, the mice demonstrated improved neuroinflammation and neurocognitive function.

"This is a really important first step in the design and provides proof of concept that an ex vivo gene therapy could help patients with MSD," Ahrens-Nicklas said. "With multiple gene therapy candidates for this disease, we are optimizing the likelihood of really being able to help families."

This study was supported by funded by the Irish Health Research Board and MSD Action Foundation, the CHOP Research Institute, including The CHOP Gene Therapy for Inherited Metabolic Disorders Frontier Program, the Sickle Cell and Red Cell Disorders Curative Therapy Center and the Acceleration-Seed program. Additional relevant funding includes NIH grants K23NS114113 and U54TR002823.
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Belief in academic ability key factor in academic success for low-income students | ScienceDaily
A strong belief in their own academic ability can help children from low-income families defy the odds and achieve academic success, according to new research from Trinity College Dublin.


						
The study, led by Jillian Sheehan and Dr Kristin Hadfield, School of Psychology, focused on the academic resilience of children from low-income backgrounds, particularly in mathematics. The research drew on data from 1,715 children participating in the Growing Up in Ireland longitudinal study, following them across three waves of the dataset.

Poverty can put children at a significant disadvantage academically, with many lagging in academic performance, facing lower chances of completing secondary or higher education and receiving worse marks in State exams, according to the authors.

However, this new research reveals that, despite these challenges, many children living in poverty excel in school. This study, recently published in the British Journal of Developmental Psychology, offers fresh insights into the factors driving their success.

Key findings of the research include:
    	Adolescents from low-income families with lower socioemotional and behavioural difficulties and a strong intellectual self-concept (belief in their own academic abilities) had better maths performance.
    	Lower levels of parent-child conflict, higher parental educational expectations for the child, and greater parental education also emerged as significant predictors of better maths performance.
    	Attending a school that is not part of the DEIS program was associated with better maths performance.

Dr Kristin Hadfield, Assistant Professor in the School of Psychology, commented: "Success in school can be a young person's main avenue to break a cycle of disadvantage. By understanding the diverse factors that shape academic resilience, we can develop targeted interventions to empower young people from low-income backgrounds and enhance their educational outcomes."

"In particular our findings suggest that strategies addressing young people's belief in their own abilities, as well as their emotional and behavioural issues, could be important in enhancing academic resilience."

Lead author on the study Jillian Sheehan said: "Coming from a disadvantaged area in the Northside of Cork city and having attended what is now a DEIS school, this research holds great significance for me. The harsh reality is that academic achievement within our current educational framework is influenced by factors far beyond a child's internal characteristics. Our research underscores the pivotal roles of parents, teachers, educators, researchers, and policymakers in the pursuit of educational equity in this country."

"Our research is timely, offering valuable insights for policymakers, educators, and families as they strive to close the achievement gap and support all students in reaching their full potential. The findings underscore the importance of a comprehensive, multisystemic approach to supporting the academic success of youth from disadvantaged backgrounds."
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How the scars of demolished brain tumors seed relapse | ScienceDaily
A Ludwig Cancer Research study has discovered that recurrent tumors of the aggressive brain cancer glioblastoma multiforme (GBM) grow out of the fibrous scars of malignant predecessors destroyed by interventions such as radiotherapy, surgery and immunotherapy.


						
Led by Ludwig Lausanne's Johanna Joyce, Spencer Watson and alumnus Anoek Zomer and published in the current issue of Cancer Cell -- where it is featured on the cover -- the study describes how these scars enable the regrowth of tumors and identifies drug targets to sabotage their malignant support. It also demonstrates the efficacy of such combination therapies in preclinical trials using mouse models of GBM.

"We've identified fibrotic scarring as a key source of GBM resurgence following therapy, showing how it creates a protective niche for the regrowth of the tumor," said Joyce. "Our findings suggest that blocking the process of scarring in the brain by adding anti-fibrosis agents to current treatment strategies could help prevent glioblastoma from recurring and improve the outcomes of therapy."

There is a great need for such interventions. GBM is the most common and aggressive form of brain cancer in adults. Despite considerable effort to develop effective therapies for the cancer, the average life expectancy of patients remains around 14 months following diagnosis.

The origins of the current study date back to 2016, when the Joyce lab reported in the journal Science its examination in mouse models of strategies to overcome resistance to a promising immunotherapy for the treatment of GBM. That experimental therapy -- which inhibits signaling by the colony stimulating factor-1 receptor (CSF-1R) and is being evaluated in clinical trials today -- targets immune cells known as macrophages and their brain-resident versions, microglia, both of which are manipulated by GBM cells to support tumor growth and survival.

The Joyce lab has demonstrated that CSF-1R inhibition reprograms these immune cells into an anti-tumor state and so induces significant tumor regression. Yet, as the Science study showed, about half the mice show relapse following an initial response to the therapy. "What was most remarkable about that observation was that every single time a brain tumor recurred following immunotherapy, it regrew right next to a scar that had formed at the original site of a tumor," said Joyce.

In the current study, Joyce, Watson, Zomer and their colleagues examined tumor samples obtained from patients undergoing GBM therapy and showed that fibrotic scarring occurs following therapy in humans as well -- and that it is similarly associated with tumor recurrence. They also showed that the fibrotic scarring occurs in response to not only immunotherapy but also following the surgical and radiological removal of tumors.




To explore how fibrosis contributes to relapse, the researchers applied an integrated suite of advanced technologies to analyze the cellular and molecular geography of the scars and the microenvironment of resurgent tumors.

These technologies include the analysis of global gene expression in individual cells, the comprehensive analysis of proteins in the tissues as well a workflow and AI-powered suite of analytical methods for the spatial analysis of tissues named hyperplexed immunofluorescence imaging (HIFI). Recently developed by Watson and colleagues in the Joyce lab, HIFI permits the simultaneous visualization of multiple molecular markers in and around cells across broad cross-sections of tissues, enabling the generation of granular maps of the tumor microenvironment.

"Applied together, these advanced methods allowed us to see exactly how fibrotic scars form," said Watson. "They revealed that the fibrosis serves as a kind of protective cocoon for residual cancer cells and pushes them into a dormant state in which they are largely resistant to therapy. We found that it also shields them from surveillance and elimination by the immune system."

Integrated analyses of the tissue microenvironment following therapy revealed that the descendants of cells associated with tumor-feeding blood vessels become functionally altered to resemble fibroblasts -- fiber-producing cells commonly involved in wound-healing. These perivascular-derived fibroblast-like (PDFL) cells fan out across the region previously occupied by the regressing tumor, where they mediate the generation of fibrotic scars. These cells, the researchers found, are especially activated by neuroinflammation and immune factors known as cytokines, most notably one called transforming growth factor-b (TGF-b).

"To see if targeting fibrotic scarring could improve therapeutic outcomes for GBM, we devised a treatment regimen using existing drugs to block TGF-b signaling and suppress neuroinflammation in combination with CSF-1R inhibition and evaluated it in preclinical trials using mouse models of GBM," said Joyce. "We also timed these additional treatments to coincide with the period of maximal PDFL activation identified by our studies. Our results show that the drug combination inhibited fibrotic scarring, diminished the numbers of surviving tumor cells and extended the survival of treated mice compared to controls."

The researchers suggest that approaches to limit fibrotic scarring could significantly improve outcomes for GBM patients receiving surgical, radiation or macrophage-targeting therapies. Additional research, they note, will likely yield even better drug targets for such combination therapies.

This study was supported by the Ludwig Institute for Cancer Research, The Brain Tumour Charity, The Brian Cross Memorial Trust, Swiss Cancer Research Foundation, Swiss National Science Foundation, Charlie Teo Foundation, Human Frontier Science Program and the Netherlands Organization for Scientific Research.

In addition to her post as a Member of the Ludwig Institute for Cancer Research, Lausanne Branch, Joyce is also a Professor at the University of Lausanne.
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      Top stories featured on ScienceDaily's Space & Time, Matter & Energy, and Computers & Math sections.


      
        Magnetic field maps of the sun's corona
        Astronomers have achieved a major breakthrough in solar physics by successfully producing detailed maps of the Sun's coronal magnetic fields. This milestone promises to enhance our understanding of the Sun's atmosphere and how its changing conditions lead to impacts on Earth's technology-dependent society. The corona, or the Sun's outer atmosphere, greatly influences solar winds and space weather events like solar flares and coronal mass ejections. However, the magnetic forces that drive these ev...

      

      
        Researchers develop a stretchable, wearable device that lights up an LED using only the warmth of your skin
        Researchers have developed a flexible, durable electronic prototype that can harvest energy from body heat and turn it into electricity that can be used to power small electronics, such as batteries, sensors or LEDs. This device is also resilient -- it still functions even after being pierced several times and then stretched 2,000 times.

      

      
        Microscale robot folds into 3D shapes and crawls
        Researchers have created microscale robots less than 1 millimeter in size that are printed as a 2D hexagonal 'metasheet' but, with a jolt of electricity, morph into preprogrammed 3D shapes and crawl.

      

      
        Discovery of a new phase of matter in 2D which defies normal statistical mechanics
        Physicists have created the first two-dimensional version of the Bose glass, a novel phase of matter that challenges statistical mechanics.

      

      
        Unique nanodisk pushing photonic research forward
        Researchers have succeeded in combining two major research fields in photonics by creating a nano-object with unique optical qualities. Since the object is a thousand times thinner than the human hair, yet very powerful, the breakthrough has great potential in the development of efficient and compact nonlinear optical devices.

      

      
        Advancing power grounding systems: A novel predictive model for soil resistivity
        For the design of reliable power grounding systems for critical electrical infrastructure, soil resistivity investigation is crucial. However, soil resistivity depends on various geotechnical properties, necessitating the need for robust assessment methods. In a new study, researchers conducted a comprehensive investigation into the behavior and relationships between soil resistivity and key geotechnical parameters and developed a predictive model based on their findings. This model can lead to c...

      

      
        Carbohydrate polymers could be a sweet solution for water purification
        Water polluted with heavy metals can pose a threat when consumed by humans and aquatic life. Sugar-derived polymers from plants remove these metals but often require other substances to adjust their stability or solubility in water. Now, researchers report a sugar-like polymer that traps heavy metals within insoluble clumps for easy removal. In proof-of-concept tests, the polymer removed ionic cadmium and lead from river water spiked with these persistent contaminants.

      

      
        Cooling positronium with lasers
        Most atoms are made from positively charged protons, neutral neutrons and negatively charged electrons. Positronium is an exotic atom composed of a single negative electron and a positively charged antimatter positron. It is naturally very short-lived, but researchers have now successfully cooled and slowed down samples of positronium using carefully tuned lasers. They hope this research will help others explore exotic forms of matter, and that such research might unlock the secrets of antimatter...

      

      
        Astronomers track bubbles on star's surface
        Astronomers have captured images of a star other than the Sun in enough detail to track the motion of bubbling gas on its surface. The images of the star, R Doradus, were obtained in July and August 2023. They show giant, hot bubbles of gas, 75 times the size of the Sun, appearing on the surface and sinking back into the star's interior faster than expected.

      

      
        Brain-wide decision-making dynamics discovered
        Neuroscientists have revealed how sensory input is transformed into motor action across multiple brain regions in mice. The research shows that decision-making is a global process across the brain that is coordinated by learning. The findings could aid artificial intelligence research by providing insights into how to design more distributed neural networks.

      

      
        Researchers combine the power of AI and the connectome to predict brain cell activity
        With maps of the connections between neurons and artificial intelligence methods, researchers can now do what they never thought possible: predict the activity of individual neurons without making a single measurement in a living brain.

      

      
        Flexibility of containers, and how fast they drain
        A new article examines how the flexibility of containers affect how fast they drain.

      

      
        Solving a memristor mystery to develop efficient, long-lasting memory devices
        Phase separation, when molecules part like oil and water, works alongside oxygen diffusion to help memristors -- electrical components that store information using electrical resistance -- retain information even after the power is shut off, according to a recent study.

      

      
        Can chatbots help with genetic testing for cancer risk?
        Demand for cancer genetic testing is on the rise, but there's not enough genetic counselors to guide patients through the process. Researchers say chatbots could be the answer.

      

      
        Methane emissions are rising faster than ever
        Methane concentrations in Earth's atmosphere increased at record speed over the past five years. At least two-thirds of annual methane emissions now come from human activities, including fossil fuel use, agriculture, and landfills and other waste.

      

      
        Developing bacteria to produce PET-like materials
        A research team developed a microbial strain that efficiently produces aromatic polyester using systems metabolic engineering.

      

      
        Innovative research unveils news path to ethanol production from CO2
        Researchers have introduced a novel method for converting the greenhouse gas carbon dioxide (CO2) into ethanol, a sustainable fuel. This significant advancement could pave the way for more environmentally friendly and economically viable alternatives to fossil fuels.

      

      
        Novel bone cancer therapy has 99% success rate, tests show
        Bioactive glasses, a filling material which can bond to tissue and improve the strength of bones and teeth, has been combined with gallium to create a potential treatment for bone cancer. Tests in labs have found that bioactive glasses doped with the metal have a 99 percent success rate of eliminating cancerous cells and can even regenerate diseased bones.

      

      
        New defect passivation strategy for perovskite solar cells
        Researchers report on a new defect passivation strategy for improved power conversion efficiency and stability of perovskite solar cells.

      

      
        Researchers develop innovative method to simplify manufacturing process of cellular ceramics
        A study has developed an innovative method that overcomes the limitations of traditional additive manufacturing (3D printing), significantly simplifying and accelerating the production of geometrically complex cellular ceramics. This groundbreaking approach has the potential to revolutionize the design and processing of multifarious ceramic materials, opening up new possibilities for new applications in energy, electronics, and biomedicine, including robotics, solar cells, sensors, battery electr...

      

      
        Strongest battery paves way for light, energy-efficient vehicles
        When cars, planes, ships or computers are built from a material that functions as both a battery and a load-bearing structure, the weight and energy consumption are radically reduced. A research group is now presenting an advance in so-called massless energy storage -- a structural battery that could halve the weight of a laptop, make the mobile phone as thin as a credit card or increase the driving range of an electric car by up to 70 percent on a single charge.

      

      
        New AI can ID brain patterns related to specific behavior
        Scientists have developed a new AI algorithm that can separate brain patterns related to a particular behavior. This work promises to improve brain-computer interfaces and aid with the discovery of new brain patterns.

      

      
        Iron was life's 'primeval' metal
        Every living organism uses tiny quantities of metals to carry out biological functions, including breathing, transcribing DNA, turning food into energy, or any number of essential life processes.

      

      
        Green hydrogen: MXenes shows talent as catalyst for oxygen evolution
        The MXene class of materials has many talents. An international team has now demonstrated that MXenes, properly functionalized, are excellent catalysts for the oxygen evolution reaction in electrolytic water splitting. They are more stable and efficient than the best metal oxide catalysts currently available. The team is now extensively characterizing these MXene catalysts for water splitting at the Berlin X-ray source BESSY II and Soleil Synchrotron in France.

      

      
        Electrically modulated light antenna points the way to faster computer chips
        Physicists present a nanometer-sized light antenna with electrically modulated surface properties -- a breakthrough that could pave the way for faster computer chips.

      

      
        Formation of super-Earths is limited near metal-poor stars
        In a new study, astronomers report novel evidence regarding the limits of planet formation, finding that after a certain point, planets larger than Earth have difficulty forming near low-metallicity stars.

      

      
        With AI, extreme microbe reveals how life's building blocks adapt to high pressure
        An assist from a Google Artificial Intelligence tool has helped scientists discover how the proteins of a heat-loving microbe respond to the crushing conditions of the planet's deepest ocean trenches, offering new insights into how these building blocks of life might have evolved under early Earth conditions.

      

      
        Now live: Living cells can be seen with infrared light
        Scientists captured clear images of biomolecules in single live cells in water for the first time using infrared (IR) transmission imaging. The IR technique enables researchers to measure the mass of biomolecules such as proteins in a cell. Using simple components, the method has the potential to speed up advances in biomanufacturing, cell therapy development and drug development.

      

      
        AI can slash indoor farming energy use
        Integrating artificial intelligence into today's environmental control systems could reduce energy consumption for indoor agriculture by 25% -- potentially helping to feed the world as its population rises, engineers have found.

      

      
        Chemical chameleon reveals novel pathway for separating rare-earth metals
        Researchers have found a chemical 'chameleon' that could improve the process used to purify rare-earth metals used in clean energy, medical and national security applications.

      

      
        In search of new microscopy tools to observe how cells function
        Chemists discover how key contrast agent works, paving a way to create new markers needed for correlative microscopy that can image the structure and signaling of cells at the same time.

      

      
        Artificial muscles propel a robotic leg to walk and jump
        Researchers have developed a robotic leg with artificial muscles. Inspired by living creatures, it jumps across different terrains in an agile and energy-efficient manner.

      

      
        New molecular engineering technique allows for complex organoids
        A new molecular engineering technique can precisely influence the development of organoids. Microbeads made of specifically folded DNA are used to release growth factors or other signal molecules inside the tissue structures. This gives rise to considerably more complex organoids that imitate the respective tissues much better and have a more realistic cell mix than before.

      

      
        Breakthrough insights into carbon dioxide absorption using cement-based materials
        Cement-based materials provide a potential solution for mitigating climate change by trapping and storing atmospheric carbon dioxide as minerals, via a process known as carbonation. Despite extensive studies, however, the exact mechanism of this process is not yet understood. Now, researchers have conducted a comprehensive investigation of carbonation reaction using a new method, revealing the role of structural changes and water transport, paving the way for advanced carbon dioxide-absorbing bui...

      

      
        Microwaving waste cooking oil into useful chemicals
        Converting biomass such as waste cooking oil into useful chemicals through catalysis can help create a more sustainable chemical industry. However, conventional techniques require enormous energy and generate harmful chemicals. Moreover, such techniques reduce the lifetime of catalysts. Now, researchers reveal a zeolite catalyst that can be efficiently heated up using microwaves.

      

      
        Molecular simulations, supercomputing lead to energy-saving biomaterials breakthrough
        Scientists have identified and demonstrated a method to process a plant-based material called nanocellulose that reduced energy needs by a whopping 21%, using simulations on the lab's supercomputers and follow-on analysis.

      

      
        Atoms on the edge
        Physicists directly observed ultracold atoms in an 'edge state,' flowing along a boundary without resistance. The research could help physicists manipulate electrons to flow without friction in materials that could enable super-efficient transmission of energy and data.

      

      
        Mathematical proof: Five satellites needed for precise navigation
        What is the shortest route to the next stop or the agreed meeting point? Global positioning systems (GPS) have become a routine part of everyday life for most people. Until now, however, the minimum number of GPS satellites needed to determine the exact position of a mobile phone or other navigation device has remained a matter of conjecture. Researchers have now proved that a precise location can be determined in most cases with five or more satellites. At present, we can generally be sure of ha...

      

      
        New filtration material could remove long-lasting chemicals from water
        A new filtration material might provide a nature-based solution to water contamination by PFAS chemicals. The material, based on natural silk and cellulose, can remove a wide variety of these 'forever' chemicals as well as heavy metals, and its antimicrobial properties can help keep the filters from fouling.

      

      
        Engineering researchers discover an effective and environment-friendly disinfectant
        A widely used disinfectant worldwide, chloroxylenol, has been associated with eco-toxicological threats in water environments due to its relatively high chemical stability and massive consumption. Researchers have discovered a promising alternative known as 2,6-dichlorobenzoquinone (2,6-DCQ), which works more effectively in combating certain common bacteria, fungi and viruses, and can be rapidly degraded and detoxified in receiving waters.

      

      
        AI helps distinguish dark matter from cosmic noise
        An AI-powered tool can distinguish dark matter's elusive effects from other cosmic phenomena, which could bring us closer to unlocking the secrets of dark matter.

      

      
        Astrophysics: AI shines a new light on exoplanets
        A team models the atmospheres of distant planets using neural networks.

      

      
        Researchers create a one-dimensional gas out of light
        Physicists have created a one-dimensional gas out of light. This has enabled them to test theoretical predictions about the transition into this exotic state of matter for the first time. The method used in the experiment by the researchers could be used for examining quantum effects.

      

      
        Researchers advance new class of quantum critical metal that could advance electronic devices
        A new study has unveiled a new class of quantum critical metal, shedding light on the intricate interactions of electrons within quantum materials. The research explores the effects of Kondo coupling and chiral spin liquids within specific lattice structures.

      

      
        Global experts help nanomedicines deliver on healthcare promise
        New findings from a global team of expert scientists in academia and industry has generated new research quality standards that will help slash costs and reduce the time it takes to develop advanced nanomedicine treatments and make them available for patients.

      

      
        Shining light on how solar power and farming can coexist
        Scientists have developed a new tool to help identify optimal photovoltaic (PV) materials capable of maximizing crop growth while generating solar power.

      

      
        Massive merger: Study reveals evidence for origin of supermassive black hole at galaxy's center
        Researchers have discovered compelling evidence suggesting that the supermassive black hole at the center of our Milky Way galaxy, known as Sagittarius A* (Sgr A*), is likely the result of a past cosmic merger. The study builds on recent observations from the Event Horizon Telescope (EHT), which captured the first direct image of Sgr A* in 2022.

      

      
        Groundwater use can be accurately monitored with satellites using OPENet
        Drought is a widespread concern in the Western U.S., and water managers across the region are developing groundwater management plans to conserve the essential resource. Groundwater is often pumped to the surface to irrigate crops, and meters that measure the flow of pumped water have historically offered the best information on groundwater use. These meters are rare, however, so scientists set out to determine whether OpenET, a platform that measures evapotranspiration using satellite data, coul...

      

      
        Using 3D imaging to transform plastic waste recycling
        Researchers used 3D imaging technology to understand the fine details of microplastics, paving the way for more effective methods of plastic waste recycling.

      

      
        Gravitational waves unveil previously unseen properties of neutron stars
        A better understanding of the inner workings of neutron stars will lead to a greater knowledge of the dynamics that underpin the workings of the universe and also could help drive future technology. A new study details how new insights into how dissipative tidal forces within double -- or binary -- neutron star systems will inform our understanding of the universe.

      

      
        
          	
            Health News
          
          	
            Sections
          
          	
            Environment News
          
        

      

    

  
	
	Articles
	Sections
	Next



Magnetic field maps of the sun's corona | ScienceDaily
The U.S. National Science Foundation (NSF) Daniel K. Inouye Solar Telescope, the world's most powerful solar telescope, designed, built, and operated by the NSF National Solar Observatory (NSO), achieved a major breakthrough in solar physics by directly mapping the strength of the magnetic field in the solar corona, the outer part of the solar atmosphere that can be seen during a total eclipse. This breakthrough promises to enhance our understanding of space weather and its impact on Earth's technology-dependent society.


						
The Corona: The Launch Pad of Space Weather

The Sun's magnetic field generates regions in the Sun's atmosphere, often rooted by sunspots, that store vast amounts of energy that fuel explosive solar storms and drive space weather. The corona, the Sun's outer atmosphere, is a superheated realm where these magnetic mysteries unfold. Mapping coronal magnetic fields is essential to understanding and predicting space weather -- and to protect our technology in Earth and space.

Why It Matters

Earth's magnetic field shields us from solar winds, protecting our atmosphere, and making life possible. However, the electromagnetic fields and energetic particles from extreme solar eruptions can disrupt satellites, power grids, and other systems we need in our increasingly technological society. Understanding these dynamic interactions, which change on timescales ranging from days to centuries, is crucial for safeguarding our infrastructure and current way of life.

Measuring the corona's magnetic properties has long challenged astronomers and the limits of technology. Today, the Inouye Solar Telescope is the most advanced facility designed to study the corona, and has made a crucial first step in resolving these mysteries by producing its first coronal magnetic field maps -- the most detailed to date.

The Inouye Solar Telescope's First Maps of the Corona's Magnetic Field 

Since the 1950s, solar physicists have mapped the magnetic fields on the Sun's surface, providing valuable insights. However, maps of the magnetic field in the zones above the surface, like the corona, have long been sought as it is in these locations that solar storms originate. The Inouye, located near the summit of Maui's Haleakal? in Hawai'i, now provides the capabilities to meet this critical need.




The Inouye has created its first detailed magnetic field maps of the solar corona using the Zeeman Effect, which measures magnetic properties by observing spectral line splitting. Spectral lines are distinct lines that appear at specific wavelengths in the electromagnetic spectrum, representing the light absorbed or emitted by atoms or molecules. These lines act like "fingerprints," as they are unique to each atom or molecule, allowing scientists to identify the chemical composition and physical properties of celestial objects by looking at their spectra. When exposed to a magnetic field, like in the Sun, these lines split, which gives us an insight into the object's magnetic properties. Previous attempts at detecting these signals, last reported two decades ago (Lin et al. 2004), lacked the detail and regularity needed for extensive scientific investigation. Today, the Inouye's unmatched capabilities allow for detailed, regular studies of these crucial signals.

Technological Marvel

Typically, one can only view the Sun's corona -- a region one million times fainter than the solar disk -- during a total solar eclipse, when most of the Sun's light is blocked and Earth's sky goes dark. The Inouye, however, uses a technique called coronagraphy to create artificial eclipses, allowing it to detect extremely faint polarized signals -- a billion times fainter than the solar disk -- highlighting its unparalleled sensitivity and solidifying its status as a unique window to our home star.

The Inouye accomplishes this with its Cryogenic Near-Infrared Spectropolarimeter (Cryo-NIRSP), one of the telescope's primary instruments used to study the corona and map its magnetic fields. This instrument was designed and built by the University of Hawai'i Institute for Astronomy.

Future Prospects

This milestone marks the beginning of a new era in solar physics. The Inouye's success in mapping the Sun's coronal magnetic fields reaffirms its vision and mission, and opens new frontiers in understanding the Sun's influence on space weather.




"Just as detailed maps of the Earth's surface and atmosphere have enabled more accurate weather prediction, this thrillingly complete map of the magnetic fields in the sun's corona will help us better predict solar storms and space weather," says Dr. Carrie Black, NSF program director for the NSO. "The invisible yet phenomenally powerful forces captured in this map will propel solar physics through the next century and beyond."

Christoph Keller, NSO Director, remarks that "Mapping the strength of the magnetic field in the corona is a fundamental scientific breakthrough, not just for solar research, but for astronomy in general." He anticipates that "This is the beginning of a new era where we will understand how the magnetic fields of stars affect planets, here in our own solar system and in the thousands of exoplanetary systems that we now know about."

Ongoing and future studies will refine diagnostic tools and techniques, leading to deeper insights into the Sun's magnetic environment and its impact on Earth and our solar system.
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Researchers develop a stretchable, wearable device that lights up an LED using only the warmth of your skin | ScienceDaily
One of the drawbacks of fitness trackers and other wearable devices is that their batteries eventually run out of juice. But what if in the future, wearable technology could use body heat to power itself?


						
UW researchers have developed a flexible, durable electronic prototype that can harvest energy from body heat and turn it into electricity that can be used to power small electronics, such as batteries, sensors or LEDs. This device is also resilient -- it still functions even after being pierced several times and then stretched 2,000 times.

The team detailed these prototypes in a paper published Aug. 30 in Advanced Materials.

"I had this vision a long time ago," said senior author Mohammad Malakooti, UW assistant professor of mechanical engineering. "When you put this device on your skin, it uses your body heat to directly power an LED. As soon as you put the device on, the LED lights up. This wasn't possible before."

Traditionally, devices that use heat to generate electricity are rigid and brittle, but Malakooti and team previously created one that is highly flexible and soft so that it can conform to the shape of someone's arm.

This device was designed from scratch. The researchers started with simulations to determine the best combination of materials and device structures and then created almost all the components in the lab.

It has three main layers. At the center are rigid thermoelectric semiconductors that do the work of converting heat to electricity. These semiconductors are surrounded by 3D-printed composites with low thermal conductivity, which enhances energy conversion and reduces the device's weight. To provide stretchability, conductivity and electrical self-healing, the semiconductors are connected with printed liquid metal traces. Additionally, liquid metal droplets are embedded in the outer layers to improve heat transfer to the semiconductors and maintain flexibility because the metal remains liquid at room temperature. Everything except the semiconductors was designed and developed in Malakooti's lab.




In addition to wearables, these devices could be useful in other applications, Malakooti said. One idea involves using these devices with electronics that get hot.

"You can imagine sticking these onto warm electronics and using that excess heat to power small sensors," Malakooti said. "This could be especially helpful in data centers, where servers and computing equipment consume substantial electricity and generate heat, requiring even more electricity to keep them cool. Our devices can capture that heat and repurpose it to power temperature and humidity sensors. This approach is more sustainable because it creates a standalone system that monitors conditions while reducing overall energy consumption. Plus, there's no need to worry about maintenance, changing batteries or adding new wiring."

These devices also work in reverse, in that adding electricity allows them to heat or cool surfaces, which opens up another avenue for applications.

"We're hoping someday to add this technology to virtual reality systems and other wearable accessories to create hot and cold sensations on the skin or enhance overall comfort," Malakooti said. "But we're not there yet. For now, we're starting with wearables that are efficient, durable and provide temperature feedback."

Additional co-authors are Youngshang Han, a UW doctoral student in mechanical engineering, and Halil Tetik, who completed this research as a UW postdoctoral scholar in mechanical engineering and is now an assistant professor at Izmir Institute of Technology. Malakooti and Han are both members of the UW Institute for Nano-Engineered Systems. This research was funded by the National Science Foundation, Meta and The Boeing Company.
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Microscale robot folds into 3D shapes and crawls | ScienceDaily
Cornell University researchers have created microscale robots less than 1 millimeter in size that are printed as a 2D hexagonal "metasheet" but, with a jolt of electricity, morph into preprogrammed 3D shapes and crawl.


						
The robot's versatility is due to a novel design based on kirigami, a cousin of origami, in which slices in the material enable it to fold, expand and locomote.

The team's paper, "Electronically Configurable Microscopic Metasheet Robots," published Sept. 11 in Nature Materials. The paper's co-lead authors are postdoctoral researchers Qingkun Liu and Wei Wang. The project was led by Itai Cohen, professor of physics. His lab has previously produced microrobotic systems that can actuate their limbs, pump water via artificial cilia and walk autonomously.

In a sense, the origins of the kirigami robot were inspired by "living organisms that can change their shape." Liu said. "But when people make a robot, once it's fabricated, it might be able to move some limbs but its overall shape is usually static. So we've made a metasheet robot. The 'meta' stands for metamaterial, meaning that they're composed of a lot of building blocks that work together to give the material its mechanical behaviors."

The robot is a hexagonal tiling composed of approximately 100 silicon dioxide panels that are connected through more than 200 actuating hinges, each about 10 nanometers thin. When electrochemically activated via external wires, the hinges form mountain and valley folds and act to splay open and rotate the panels, allowing the robot to change its coverage area and locally expand and contract by up to 40%. Depending which hinges are activated, the robot can adopt various shapes and potentially wrap itself around other objects, and then unfold itself back into a flat sheet.

Cohen's team is already thinking of the next phase of metasheet technology. They anticipate combining their flexible mechanical structures with electronic controllers to create ultra-responsive "elastronic" materials with properties that would never be possible in nature. Applications could range from reconfigurable micromachines to miniaturized biomedical devices and materials that can respond to impact at nearly the speed of light, rather than the speed of sound.

"Because the electronics on each individual building block can harvest energy from light, you can design a material to respond in programmed ways to various stimuli. When prodded, such materials, instead of deforming, could 'run' away, or push back with greater force than they experienced," Cohen said. "We think that these active metamaterials -- these elastronic materials -- could form the basis for a new type of intelligent matter governed by physical principles that transcend what is possible in the natural world."
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Discovery of a new phase of matter in 2D which defies normal statistical mechanics | ScienceDaily
Physicists from the Cavendish Laboratory in Cambridge have created the first two-dimensional version of the Bose glass, a novel phase of matter that challenges statistical mechanics. The details of the study have been published in Nature.


						
As the name suggests, the Bose glass has some glassy properties and within it all particles are localised. This means that each particle in the system sticks to itself, not mixing with its neighbours. If coffee was localised, then when stirring milk into the coffee, the intricate pattern of black and white stripes would remain forever, instead of washing out to an average.

To create this new phase of matter, the group overlapped several laser beams to create a quasiperiodic pattern, a pattern that is long-range ordered like a conventional crystal, but not periodic, meaning that, like a Penrose tiling, it never repeats. When filling the resulting structure with ultracold atoms cooled to nanokelvin temperatures -- close to absolute zero, the atoms formed the Bose glass.

"Localisation is not only one of the toughest nuts to crack in statistical mechanics, it can also help to advance quantum computing," said Professor Ulrich Schneider, Professor of Many-Body Physics at the Cavendish Laboratory, who led the study. Since a localised system would not mix with its surroundings, quantum information stored in a localised system would be preserved for far longer.

"A big limitation of large quantum systems is that we can't model them on a computer," said Schneider. "To accurately describe the system, we have to consider all its particles and all their possible configurations, a number that grows very quickly. However, we now have a real-life 2D example which we can directly study and observe its dynamics and statistics."

Schneider and his team focus on research into quantum simulation and quantum many-body dynamics. They use ultracold atoms to study many-body effects that, in the absence of a large full quantum computer, cannot be simulated numerically.

Very often, this problem simplifies significantly because the system will always relax into a thermal state in which only the temperature of the system is important and most other details vanish. This is referred to as being ergodic and forms the basis of statistical mechanics, one of the pillars of how we understand matter. "For instance, simply knowing the amount of milk poured in is enough to predict the final colour of our coffee after a long stirring," explained Schneider. "If we want to predict the full structure of white and dark swirls during the stirring, however, it's important to know where the milk was poured in and how the stirring is done precisely."

Interestingly, the Bose glass appears to be non-ergodic. This means that it doesn't 'forget its details', therefore modelling it will require all the details. This makes it a prime candidate for many-body localisation.




"It's a long-term aspiration to find a system or material that has many-body localisation," said Dr Jr-Chiun Yu, the first author of the study. "Such a material would offer many new possibilities, not only for fundamental studies, but also for building quantum computers, as quantum information stored in such a system should remain more local and not leak out into its environment -- a process called 'decoherence' that plagues many current quantum computing platforms."

In the experiment, the researchers observed a surprisingly sharp phase transition from a Bose glass to a superfluid, akin to how ice melts when the temperature increases. "A superfluid is a fluid that flows without any resistance," said Dr Bo Song, a former Postdoctoral Research Associate in Cambridge and now an Assistant Professor at Peking University, who contributed to the research. "Imagine particles swimming through a superfluid; there would be no friction, and the fluid would not slow them down. This property, called superfluidity, is closely related to superconductivity. Along with another quantum phase, the Mott insulator, the newly observed Bose glass and the superfluid make up the ground states of the Bose-Hubbard model that describes the physics of bosons in interacting and disordered system."

Bose glasses and superfluids are distinct phases of matter like ice and liquid water. However, like ice cubes in a cup of water, the atoms in their system can form both phases within the same experiment. The experimental results, confirming recent theoretical predictions, reveal how the Bose glass forms and evolves, so now the scientists can start thinking of applications for it.

However, though there are exciting opportunities for the future, Schneider believes we should exercise caution. "There are many things we still don't understand about the Bose glass and its potential connection to many-body localisation, both regarding their thermodynamics as well as dynamical properties. We should first focus on answering more of these questions before we try to find uses for it," concluded Schneider.
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Unique nanodisk pushing photonic research forward | ScienceDaily
Researchers at Chalmers University of Technology, in Sweden, have for the first time succeeded in combining two major research fields in photonics by creating a nanoobject with unique optical qualities. Since the object is a thousand times thinner than the human hair, yet very powerful, the breakthrough has great potential in the development of efficient and compact nonlinear optical devices. "My feeling is that this discovery has a great potential," says Professor Timur Shegai, who led the study at Chalmers.


						
Photonic applications harness the power of light-matter interactions to generate various intriguing phenomena. This has enabled major advances in communications, medicine, and spectroscopy, among others, and is also used in laser and quantum technologies. Now, researchers at the Department of Physics at Chalmers University of Technology have succeeded in combining two major research fields -- nonlinear and high-index nanophotonics -- in a single disk-like nanoobject.

"We were amazed and happy by what we managed to achieve. The disk looking structure is much smaller than the wavelength of light, yet it's a very efficient light frequency converter. It is also 10,000 times, or maybe even higher, more efficient than the unstructured material of the same kind, proving that nano structuring is the way to boost efficiency," says doctor Georgii Zograf, lead author of the article in Nature Photonics where the research results are presented.

A new fabrication with no loss of properties 

Somewhat simplified, it is a combination of material and optical resonances with the ability to convert light frequency through crystal's non-linearity that the researchers have combined in the nanodisk. In its fabrication, they have used transition metal dichalcogenide (TMD), namely molybdenum disulfide, an atomically thin material that has outstanding optical properties at room temperature. The problem with the material is however that it is very difficult to stack without losing its nonlinear properties due to its crystalline lattice symmetry constraints.

"We have fabricated for the first time a nanodisk of specifically stacked molybdenum disulfide that preserves the broken inverse symmetry in its volume, and therefore maintains optical nonlinearity. Such a nanodisk can maintain the nonlinear optical properties of each single layer. This means that the material's effects are both maintained and enhanced," says Georgii Zograf.

The material has a high refractive index, meaning that light can be more effectively compressed in this medium. Furthermore, the material has the advantage of being transferable on any substrate without the need to match the atomic lattice with the underlying material. The nano structure is also very efficient in localising electromagnetic field and generating doubled frequency light out of it, an effect called second-harmonic generation. It's a so-called nonlinear optical phenomenon, for example, similar to the sum- and difference-frequency generation effects used in high-energy pulsed laser systems.




Thus, this nanodisk combines extreme nonlinearity with high-refractive index in a single, compact structure.

A big step forward for optics research

"Our proposed material and design are state-of-the-art due to extremely high inherent nonlinear optical properties and notable linear optical properties -- a refractive index of 4.5 in the visible optical range. These two properties make our research so novel and potentially attractive even to the industry," Georgii Zograf says.

"It really is a milestone, particularly due to the disk's extremely small size. Second harmonic generation and other non-linearities are used in lasers every day, but the platforms that utilise them are typically on the centimetre scale. In contrast, the scale of our object is about 50 nanometers, so that's about a 100,000 times thinner structure," says research leader Professor Timur Shegai.

The researchers believe that the nanodisk's work will push photonics research forward. In the long term, TMD materials' incredibly compact dimensions, combined with their unique properties, could potentially be used in advanced optical and photonic applications. For example, these structures could be integrated into various kinds of optical circuits, or used in miniaturisations of photonics.

"We believe it can contribute towards future nonlinear nanophotonics experiments of various kinds, both quantum and classical. By having the ability to nano structure this unique material, we could dramatically reduce the size and enhance efficiency of optical devices, such as nanodisk arrays and metasurfaces. These innovations could be used for applications in nonlinear optics and the generation of entangled photon pairs. This is a first tiny step, but a very important one. We are only just scratching the surface," says Timur Shegai.
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Advancing power grounding systems: A novel predictive model for soil resistivity | ScienceDaily
For the design of reliable power grounding systems for critical electrical infrastructure, soil resistivity investigation is crucial. However, soil resistivity depends on various geotechnical properties, necessitating the need for robust assessment methods. In a new study, researchers conducted a comprehensive investigation into the behavior and relationships between soil resistivity and key geotechnical parameters and developed a predictive model based on their findings. This model can lead to cost-effective and more reliable design of grounding systems.


						
Proper power grounding systems are necessary for maintaining the safety and reliability of critical electrical subsystem infrastructure, such as substations. Power grounding systems provide a low-resistance path for electrical fault currents to flow into the earth, preventing electrical shocks, fires, and damage to vital equipment. Investigation of soil resistivity is crucial for designing power grounding systems. For the most cost-effective and efficient grounding systems for electrical substations, it is imperative to carefully select sites with the lowest soil electrical resistivity. This also ensures optimal performance and safety. Therefore, accurate determination of soil resistivity is important, as inaccurate values can lead to faulty grounding systems.

The Electricity Generating Authority of Thailand has set criteria for the soil resistivity required for substations, with a threshold of less than 80 Ohm-meters. However, soil resistivity often fails to meet these requirements, highlighting the need for robust soil resistivity assessment methods. Many studies have investigated the relationship between soil resistivity and various geotechnical properties, emphasizing the influence of water content, unit weight of soil, salt content, clay content, and particle sizes. Despite these insights, there remains a need for a comprehensive predictive model that integrates the relationships between soil electrical resistivity and multiple geotechnical parameters.

To address this challenge, a research team, led by Professor Shinya Inazumi from the College of Engineering at Shibaura Institute of Technology, conducted a comprehensive investigation into the behavior and relationships between soil resistivity and geotechnical parameters in a controlled temperature and humidity environment. They also developed a predictive model based on their findings. Their study was made available online on August 08, 2024, and published in Volume 23 of the journal Results in Engineering in September 2024.

"At the heart of this study is the development of predictive models based on the relationship between soil electrical resistivity and key geotechnical properties. By developing robust correlation models, we aim to accurately predict soil resistivity under field conditions. This has significant implications for the design of grounding systems in electrical substations, particularly in regions with diverse soil types such as Thailand," says Prof. Inazumi.

In the study, the researchers measured 30 soil samples from various representative locations within the power grid substation in Thailand, using a controlled laboratory environment to establish a robust correlation of resistivity with each geotechnical parameter. Three index geotechnical properties were selected to correlate with soil electrical resistivity: water content, known to strongly influence resistivity; plasticity index, representing the clay content; and dry density, representing soil density without water. Results revealed a clear relationship between soil resistivity and water content, with resistivity increasing with decreasing water content. However, the correlation between resistivity and plasticity index or dry density was found to be less significant, which the researchers attributed to the dominant influence of water content.

To address this issue, they further utilized nonlinear multiple regression analysis to study the combined effects of water content and other soil parameters. The coefficient of determination (r2), which explains how well a model fits the observed data, for the correlation of soil electrical resistivity, water content, and plasticity index, was found to be 0.8281, and 0.7742 for the correlation between electrical resistivity, water content, and dry density. These strong correlations suggest that a combination of water content, plasticity index, and dry density provides a reliable predictive model for soil resistivity.

However, the team also acknowledged the limitation of this model, which can currently predict soil resistivity of only cohesive soils with fine particles. This is due to the limited variety of soil samples used in the study. Fortunately, this limitation can be easily addressed in future research by including a broader and more diverse set of soil samples.

"This study provides a method for optimizing substation grounding designs, which are critical for protecting equipment and personnel from electrical faults. The results can reduce the need for extensive soil testing and modifications, cutting costs while maintaining regulatory compliance. Beyond electrical applications, predictive models developed in the study could also be adapted for environmental monitoring," remarks Prof. Inazumi, highlighting the potential broader applications of their study.

Overall, this study breaks new ground in soil resistivity assessment, contributing to the cost-effective construction of ground systems for electrical substations and paving the way for safer and more reliable power supply, which is essential for stable economic growth.
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Carbohydrate polymers could be a sweet solution for water purification | ScienceDaily
Water polluted with heavy metals can pose a threat when consumed by humans and aquatic life. Sugar-derived polymers from plants remove these metals but often require other substances to adjust their stability or solubility in water. Now, researchers in ACS Central Science report a sugar-like polymer that traps heavy metals within insoluble clumps for easy removal. In proof-of-concept tests, the polymer removed ionic cadmium and lead from river water spiked with these persistent contaminants.


						
Some heavy metal ions can be toxic at high levels in drinking water. Methods for removing these contaminants, such as filtration, can be energy intensive and rely on metal-capturing membranes that clog quickly and must be replaced. To improve water purification, researchers have turned to plants. Plants defend their cells with a barrier of polysaccharides, made of macromolecules with repeating sugar units, that trap metal ions. For example, in a recent study, researchers used sticky polysaccharide extracts from okra and aloe to remove microplastics from wastewater. However, some polysaccharides dissolve in water, requiring additives to form insoluble gels for metal capture and removal. So, Cassandra Callmann and her research team at the University of Texas at Austin set out to design a single material with sugar-like structures and controllable water solubility to remove heavy metals from water.

The team constructed several polymers, each having a water-insoluble backbone with different water-soluble carbohydrates dangling from the repeating units like charms on a bracelet. In initial tests, the carbohydrate "charm" that attracted and bound ionic cadmium most efficiently contained a carboxylic acid group. Next, in tests of water spiked with ionic cadmium, the polymer with carboxylic acid formed visible clumps after three minutes, and the clumps could be filtered out. The clumps also redissolved, releasing the cadmium, by adjusting the acidity of the water. After three cycles of binding, clumping and redissolving, the polymer maintained the same metal-trapping efficiency, demonstrating its potential as a recyclable material.

As a proof-of-concept, the team next tested the carbohydrate-containing polymer on Colorado River water spiked with ionic cadmium and lead. The river sample contained substantially more ionic calcium, sodium and magnesium than the added metals. Over a 24-hour period, the polymer captured up to 20% and 45% of the added cadmium and lead, respectively, and minimal amounts of the other metal ions. The researchers say their new material is a promising step towards more efficient, reusable and selective materials for water purification.

The authors acknowledge funding from the Welch Foundation, the Cancer Prevention Research Institute of Texas and the National Institutes of Health.
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Cooling positronium with lasers | ScienceDaily
Most atoms are made from positively charged protons, neutral neutrons and negatively charged electrons. Positronium is an exotic atom composed of a single negative electron and a positively charged antimatter positron. It is naturally very short-lived, but researchers including those from the University of Tokyo successfully cooled and slowed down samples of positronium using carefully tuned lasers. They hope this research will help others explore exotic forms of matter, and that such research might unlock the secrets of antimatter.


						
Some of our universe is missing. You may have heard such a bizarre statement if you've read much about cosmology in the last few decades. The reason scientists say this is because almost all the stuff we see in the universe is made from matter, including you and the planet you're standing on. However, for a long time we've known about antimatter, which as the name suggests, is sort of the opposite of regular matter, in that antimatter particles share the same mass and other properties of their matter counterparts, but have an opposite charge. When matter and antimatter particles collide, they annihilate, and it's widely believed they were created in equal amounts at the dawn of time. But that's not what we see now.

"Modern physics only accounts for a part of the total energy of the universe. The study of antimatter might help us account for this discrepancy, and we've just taken a big step in this direction with our latest research," said Associate Professor Kosuke Yoshioka from the Photon Science Center. "We have successfully slowed and cooled down exotic atoms of positronium, which is 50% antimatter. This means that for the first time, it can be explored in ways previously impossible, and that will necessarily include a deeper study of antimatter."

Positronium sounds like something straight out of science fiction, and despite being very short-lived, it is very much a real thing. Think of it like the familiar atom hydrogen, with its central, positively charged and relatively large proton and tiny, negatively charged electron in orbit, except you swap the proton for the antimatter version of the electron, the positron. This yields an exotic atom which is electrically neutral but doesn't have a large nucleus; instead the electron and positron exist in mutual orbit, making it a two-body system. Even hydrogen is a multibody system, as a proton is really three smaller particles, called quarks, stuck together. And because positronium is a two-body system, it can be completely described by traditional mathematical and physical theories, making it ideal to test predictions with extreme accuracy.

"For researchers like us, involved in what is called precision spectroscopy, being able to precisely examine the properties of cooled positronium means we can compare them with precise theoretical calculations of its properties," said Yoshioka. "Positronium is one of the few atoms made up entirely of only two elementary particles, which allows for such exact calculations. The idea of cooling positronium has been around for around 30 years, but a casual comment by undergraduate student Kenji Shu, who is now an assistant professor in my group, prompted me to take on the challenge of achieving it, and we finally did."

Yoshioka and his team had several difficulties to overcome when trying to cool positronium. Firstly, there is the issue of its short life: one-ten millionth of a second. Secondly, there is its extreme light mass. As it's so lightweight, you can't use a cold physical surface or other substance to cool positronium down, so the team used lasers. You may think lasers are very hot, but really, they are just packets of light, and it's the way the light is used that determines the physical impact it has on something. In this case, a weak and finely tuned laser gently pushes against a positronium atom in the opposite direction to its movement, slowing it down and cooling it in the process. Doing this repeatedly and in as little as one-ten millionth of a second cooled portions of positronium gas down to about 1 degree above absolute zero (-273 degrees Celsius), the coldest anything can get. Given positronium gas is at 600 kelvins, or 327 degrees Celsius, before cooling, this is quite a dramatic change in such a short space of time.

"Our computer simulations based on theoretical models suggest that the positronium gas might be even colder than we can currently measure in our experiments. This implies that our unique cooling laser is very effective at reducing the temperature of positronium and the concepts can hopefully help researchers study other exotic atoms," said Yoshioka. "This experiment used a laser in just one dimension, however, and if we utilize all three, we can measure the properties of positronium even more precisely. These experiments will be significant because we may be able to study the effect of gravity on antimatter. If antimatter behaves differently to regular matter due to gravity, it could help explain why some of our universe is missing."
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Astronomers track bubbles on star's surface | ScienceDaily
For the first time, astronomers have captured images of a star other than the Sun in enough detail to track the motion of bubbling gas on its surface. The images of the star, R Doradus, were obtained with the Atacama Large Millimeter/submillimeter Array (ALMA), a telescope co-owned by the European Southern Observatory (ESO), in July and August 2023. They show giant, hot bubbles of gas, 75 times the size of the Sun, appearing on the surface and sinking back into the star's interior faster than expected.


						
"This is the first time the bubbling surface of a real star can be shown in such a way,"* says Wouter Vlemmings, a professor at Chalmers University of Technology, Sweden, and lead author of the study published today in Nature. "We had never expected the data to be of such high quality that we could see so many details of the convection on the stellar surface."

Stars produce energy in their cores through nuclear fusion. This energy can be carried out towards the star's surface in huge, hot bubbles of gas, which then cool down and sink -- like a lava lamp. This mixing motion, known as convection, distributes the heavy elements formed in the core, such as carbon and nitrogen, throughout the star. It is also thought to be responsible for the stellar winds that carry these elements out into the cosmos to build new stars and planets.

Convection motions had never been tracked in detail in stars other than the Sun, until now. By using ALMA, the team were able to obtain high-resolution images of the surface of R Doradus over the course of a month. R Doradus is a red giant star, with a diameter roughly 350 times that of the Sun, located about 180 light-years away from Earth in the constellation Dorado. Its large size and proximity to Earth make it an ideal target for detailed observations. Furthermore, its mass is similar to that of the Sun, meaning R Doradus is likely fairly similar to how our Sun will look like in five billion years, once it becomes a red giant.

"Convection creates the beautiful granular structure seen on the surface of our Sun, but it is hard to see on other stars," adds Theo Khouri, a researcher at Chalmers who is a co-author of the study. "With ALMA, we have now been able to not only directly see convective granules -- with a size 75 times the size of our Sun! -- but also measure how fast they move for the first time."

The granules of R Doradus appear to move on a one-month cycle, which is faster than scientists expected based on how convection works in the Sun. "We don't yet know what is the reason for the difference. It seems that convection changes as a star gets older in ways that we don't yet understand," says Vlemmings. Observations like those now made of R Doradus are helping us to understand how stars like the Sun behave, even when they grow as cool, big and bubbly as R Doradus is.

"It is spectacular that we can now directly image the details on the surface of stars so far away, and observe physics that until now was mostly only observable in our Sun," concludes Behzad Bojnodi Arbab, a PhD student at Chalmers who was also involved in the study.

Notes

*Convection bubbles have been previously observed in detail on the surface of stars, including with the PIONIER instrument on ESO's Very Large Telescope Interferometer. But the new ALMA observations track the motion of the bubbles in a way that was not possible before.
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Brain-wide decision-making dynamics discovered | ScienceDaily
Neuroscientists have revealed how sensory input is transformed into motor action across multiple brain regions in mice. The research, conducted at the Sainsbury Wellcome Centre at UCL, shows that decision-making is a global process across the brain that is coordinated by learning. The findings could aid artificial intelligence research by providing insights into how to design more distributed neural networks.


						
"This work unifies concepts previously described for individual brain areas into a coherent view that maps onto brain-wide neural dynamics. We now have a complete picture of what is happening in the brain as sensory input is transformed through a decision process into an action," explained Professor Tom Mrsic-Flogel, Director of the Sainsbury Wellcome Centre at UCL and corresponding author on the paper.

The study, published today in Nature, outlines how the researchers used Neuropixels probes, a state-of-the-art technology enabling simultaneous recordings across hundreds of neurons in multiple brain regions, to study mice taking part in a decision-making task. The task, developed by Dr Ivana Orsolic at SWC, allowed the team to distinguish between sensory processing and motor control. The researchers also revealed the contribution of learning through studying animals trained in the task and comparing them to naive animals.

"We often make decisions based on ambiguous evidence. For example, when it starts to rain, you have to decide how high frequency the raindrops need to be before you open your umbrella. We studied this same ambiguous evidence integration in mice to understand how the brain processes perceptual decisions," explained Dr Michael Lohse, Sir Henry Wellcome Postdoctoral Fellow at SWC and joint first author on the paper.

Mice were trained to stand still while they watched a visual pattern moving on a screen. To receive a reward, the mice had to lick a spout when they detected a sustained increase in the speed of movement of the visual pattern. The task was designed so that the speed of the movement was never constant, instead it continuously fluctuated. The timing of the increase in the average speed also changed from trial to trial so that the mice could not simply remember when the sustained increase occurred. Thus, the mice had to constantly pay attention to the stimulus and integrate information to work out whether the increase in the speed had happened.

"By training the mice to stand still, the data analysis we could perform was much cleaner and the task allowed us to look at how neurons track random fluctuations in speed before the mice made an action. In trained mice, we found that there is no single brain region that integrates sensory evidence or orchestrates the process. Instead, we found neurons that are sparsely but broadly distributed across the brain link sensory evidence and action initiation," explained Dr Andrei Khilkevich, Senior Research Fellow in the Mrsic-Flogel lab and joint first author on the paper.

The researchers recorded from each mouse multiple times and collected data from over 15,000 cells across 52 brain regions in 15 trained mice. To look at learning, the team also compared the results to recordings from naive mice.




"We found that when mice don't know what the visual stimulus means, they only represent the information in the visual system in the brain and a few midbrain regions. After they have learned the task, cells integrate the evidence all over the brain," explained Dr Lohse.

In this study, the team only looked at naive animals and those that had fully learned the task, but in future work they hope to uncover how the learning process occurs by tracking neurons over time to see how they change as mice begin to understand the task. The researchers are also looking to explore whether specific areas in the brain act as causal hubs in establishing these links between sensations and actions.

A number of additional questions raised by the study include how the brain incorporates an expectation of when the speed of visual pattern will increase such that animals only react to the stimulus when the information is relevant. The team plan to study these questions further using the dataset they have collected.

This study was funded by Wellcome awards (217211/Z/19/Z and 224121/Z/21/Z) and by the Sainsbury Wellcome Centre's Core Grant from the Gatsby Charitable Foundation (GAT3755) and Wellcome (219627/Z/19/Z).
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Researchers combine the power of AI and the connectome to predict brain cell activity | ScienceDaily
With maps of the connections between neurons and artificial intelligence methods, researchers can now do what they never thought possible: predict the activity of individual neurons without making a single measurement in a living brain.


						
For decades, neuroscientists have spent countless hours in the lab painstakingly measuring the activity of neurons in living animals to tease out how the brain enables behavior. These experiments have yielded groundbreaking insights into how the brain works, but they have only scratched the surface, leaving much of the brain unexplored.

Now, researchers are using artificial intelligence and the connectome -- a map of neurons and their connections created from brain tissue -- to predict the role of neurons in the living brain. Using only information about the connectivity of a neural circuit gleaned from the fruit fly visual system connectome and a guess at what the circuit is supposed to do, researchers created an AI simulation of the fruit fly visual system that can predict the activity of every neuron in the circuit.

"We now have a computational method for turning measurements of the connectome into predictions of neural activity and brain function, without first starting with difficult-to-acquire measurements of neural activity for every neuron," says Janelia Group Leader Srini Turaga, a senior author on the new research.

The team of scientists from HHMI's Janelia Research Campus and the University of Tubingen used the connectome to build a detailed deep mechanistic network simulation of the fly visual system, where each neuron and synapse in the model corresponds to a real neuron and synapse in the brain. Although they didn't know the dynamics of every neuron and synapse, data from the connectome allowed the team to use deep learning methods to infer these unknown parameters. They combined this information with knowledge about the circuit's goal: motion detection.

"At that point, everything fell into place, and we could finally figure out if this connectome-constrained model gives us a good model of the brain," says Janne Lappalainen, a PhD student at the University of Tubingen who led the research.

The new model predicts the neural activity produced by 64 neuron types in the fruit fly visual system in response to visual input and accurately reproduces more than two dozen experimental studies performed over the past two decades.




By enabling researchers to predict the activity of individual neurons using only the connectome, the new work has the potential to transform how neuroscientists generate and test hypotheses about how the brain works. In principle, scientists can now use the model to simulate any experiment and generate detailed predictions that can be tested in the lab.

The new research provides more than 450 pages of predictions gleaned from the new model, including identification of cells not known to be involved in motion detection previously, which can now be examined in living flies.

The group's work provides a strategy for turning the wealth of connectome data being generated by Janelia and other research institutions into advanced understanding of the living brain, according to the researchers.

"There is a big gap between the static snapshot of the connectome and the dynamics of real-life computation in the living brain, and the question was, can we bridge that gap in a model? This paper, for the specific example of the fruit fly, shows a strategy for bridging that gap," says Jakob Macke, a senior author on the paper and a professor at the University of Tubingen.
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Flexibility of containers, and how fast they drain | ScienceDaily
As Rohit Velankar, now a senior at Fox Chapel Area High School, poured juice into a glass, he could feel that the rhythmic glug, glug, glug was flexing the walls of the carton.


						
Rohit pondered the sound, and wondered if a container's elasticity influenced the way its fluid drained. He initially sought the answer to his question for his science fair project, but it spiraled into something more when he teamed up with his father, Sachin Velankar, a professor of chemical and petroleum engineering at the University of Pittsburgh Swanson School of Engineering.

They set up an experiment in the family's basement and their findings were published in their first ever paper together as father and son.

"I became quite invested in the project myself as a scientist," Sachin Velankar said. "We agreed that once we started on the experiments, we'd need to take it to completion."

The Science Behind the Glug

Rohit's first experiments found deli containers with rubber lids emptied faster than those with plastic lids.

"Glugging occurs because the exiting water tends to reduce the pressure within the bottle," Velankar said. "When the container is highly flexible, like the bags that hold IV fluids or boxed wine, the container may be able to dispense fluid without glugging. But there are other types of flexible bottles out there, so surely their elasticity must affect its draining."

They created their own ideal acrylic bottles with rubber lids using tools available at Fox Chapel Area High School's makerspace. A sensor was placed near a hole at the bottom of each bottle to measure the pressure oscillations with each glug. The Velankars were able to simulate flexibility by adjusting the diameter of the hole, confirming that flexible bottles drain faster, but with bigger, more infrequent glugs.
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Solving a memristor mystery to develop efficient, long-lasting memory devices | ScienceDaily
Phase separation, when molecules part like oil and water, works alongside oxygen diffusion to help memristors -- electrical components that store information using electrical resistance -- retain information even after the power is shut off, according to a University of Michigan led study recently published in Matter.


						
Up to this point, explanations have not fully grasped how memristors retain information without a power source, known as nonvolatile memory, because models and experiments do not match up.

"While experiments have shown devices can retain information for over 10 years, the models used in the community show that information can only be retained for a few hours," said Jingxian Li, U-M doctoral graduate of materials science and engineering and first author of the study.

To better understand the underlying phenomenon driving nonvolatile memristor memory, the researchers focused on a device known as resistive random access memory or RRAM, an alternative to the volatile RAM used in classical computing, and are particularly promising for energy-efficient artificial intelligence applications.

The specific RRAM studied, a filament-type valence change memory (VCM), sandwiches an insulating tantalum oxide layer between two platinum electrodes. When a certain voltage is applied to the platinum electrodes, a conductive filament forms a tantalum ion bridge passing through the insulator to the electrodes, which allows electricity to flow, putting the cell in a low resistance state representing a "1" in binary code. If a different voltage is applied, the filament is dissolved as returning oxygen atoms react with the tantalum ions, "rusting" the conductive bridge and returning to a high resistance state, representing a binary code of "0."

It was once thought that RRAM retains information over time because oxygen is too slow to diffuse back. However, a series of experiments revealed that previous models have neglected the role of phase separation.

"In these devices, oxygen ions prefer to be away from the filament and will never diffuse back, even after an indefinite period of time. This process is analogous to how a mixture of water and oil will not mix, no matter how much time we wait, because they have lower energy in a de-mixed state," said Yiyang Li, U-M assistant professor of materials science and engineering and senior author of the study.




To test retention time, the researchers sped up experiments by increasing the temperature. One hour at 250degC is equivalent to about 100 years at 85degC -- the typical temperature of a computer chip.

Using the extremely high-resolution imaging of atomic force microscopy, the researchers imaged filaments, which measure only about five nanometers or 20 atoms wide, forming within the one micron wide RRAM device.

"We were surprised that we could find the filament in the device. It's like finding a needle in a haystack," Li said.

The research team found that different sized filaments yielded different retention behavior. Filaments smaller than about 5 nanometers dissolved over time, whereas filaments larger than 5 nanometers strengthened over time. The size-based difference cannot be explained by diffusion alone.

Together, experimental results and models incorporating thermodynamic principles showed the formation and stability of conductive filaments depend on phase separation.

The research team leveraged phase separation to extend memory retention from one day to well over 10 years in a rad-hard memory chip -- a memory device built to withstand radiation exposure for use in space exploration.




Other applications include in-memory computing for more energy efficient AI applications or memory devices for electronic skin -- a stretchable electronic interface designed to mimic the sensory capabilities of human skin. Also known as e-skin, this material could be used to provide sensory feedback to prosthetic limbs, create new wearable fitness trackers or help robots develop tactile sensing for delicate tasks.

"We hope that our findings can inspire new ways to use phase separation to create information storage devices," Li said.

Researchers at Ford Research, Dearborn; Oak Ridge National Laboratory; University at Albany; NY CREATES; Sandia National Laboratories; and Arizona State University, Tempe contributed to this study.

The device was built in the Lurie Nanofabrication Facility and studied at the Michigan Center for Materials Characterization. The work at the University of Michigan was primarily funded by the National Science Foundation (ECCS-2106225).
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Can chatbots help with genetic testing for cancer risk? | ScienceDaily
In a study from Huntsman Cancer Institute at the University of Utah (the U) and NYU Langone Perlmutter Cancer Center, researchers found that a specialized chatbot can effectively assist patients in deciding whether to pursue genetic testing, offering an alternative to traditional genetic counseling.


						
Kimberly Kaphingst, ScD, research director of the Genetic Counseling Shared Resource and co-leader of the Cancer Control and Population Sciences Program at Huntsman Cancer Institute, and professor of communication at the U, says the results of the BRIDGE (Broadening the Reach, Impact, and Delivery of Genetic Services) trial could help expand patient access to genetic care.

According to the American Cancer Society, up to 10% of all cancers may be caused by inherited genetic changes.

"There's a substantial number of people who have an inherited cancer syndrome. The vast majority don't know it," says Kaphingst. "As we are getting better at recognizing people who are in need of genetic testing, we were very interested as a team in coming up with sustainable and scalable ways to actually provide those types of genetic services."

The current standard of care model for genetic testing involves a two-appointment process. Patients first meet with a genetic counselor for a pre-test appointment, during which they discuss their family history, as well as the risks, benefits, and limitations of testing. If patients choose to proceed with testing, they schedule a second appointment to analyze the results with the counselor.

The BRIDGE trial used an algorithm to find patients at higher risk for inherited cancer syndromes based on their self-reported family health histories.

Researchers then divided more than 3,000 Utah and New York participants into two groups -- one pursuing the standard two-appointment model, and the other engaging with a chatbot designed and scripted to provide genetics education instead of having a pre-test appointment with a genetic counselor.




Participants in the chatbot group were sent a message through MyChart, an online patient health portal, recommending genetic services and providing a link to launch a chatbot. They then received information about genetic testing and were able to ask questions to help them decide if they should proceed with testing.

Researchers found outcomes between the two groups were equally likely to complete genetic testing, demonstrating that a chatbot is a viable alternative to the traditional model.

"Our goal wasn't to see if the chatbot was better or for worse. The question was, is this another model that we can use to offer genetic services to patients and have similar outcomes. For a lot of people, the chatbot model provided enough information," says Kaphingst. "The chatbot can take some of the burden off genetic counselors and help provide genetic testing to more patients who are eligible."

Researcher and genetic counselor Rachelle Chambers, MS, CGC, manager of the High-Risk Cancer Genetics Program at NYU Langone Perlmutter Cancer Center, says the promising results of this equivalency trial are crucial as knowledge of and demand for genetic testing is on the rise.

"Twenty years ago, we were testing for a handful of cancer-related genes, like BRCA1 and BRCA2, which can lead to an increased risk for breast and ovarian cancer. Now, we might analyze 100 different genes linked to cancers," says Chambers. "From my perspective as a genetic counselor, there are not enough genetic specialists to meet the increased demand of patients that could benefit from this type of testing."

Patients who know they are genetically more likely to develop cancer can be proactive in prevention, through increased screenings, taking medications, pursuing surgery to reduce risk, and changing personal behaviors.

The results of the BRIDGE trial have been published in JAMA Network Open.

The trial was co-led by Saundra Buys, MD, Huntsman Cancer Institute investigator and professor in the department of medicine at the U, and Meenakshi Sigireddi, MD, assistant professor of medicine at NYU Grossman School of Medicine. Additional Huntsman Cancer Institute collaborators include Wendy Kohlmann, MS, now at the U.S. Department of Veterans Affairs, Sarah Colonna, MD, Whitney F. Espinel, CGC, MS, Amanda Gammon, MS, CGC, Josh Schiffman, MD, professor of pediatrics at the U, Kensaku Kawamoto, MD, PhD, MHS, FACMI, FAMIA, professor of clinical informatics at the U, Guilherme Del Fiol, MD, PhD, FACMI, professor of biomedical informatics at the U, and David Wetter, PhD, MS, professor of population health sciences at the U. Michael Flynn, MD, adjunct assistant professor at the U, and Rachel Hess, MD, MS, professor of population health sciences at the U, also contributed to the study.

This study was supported by the National Institutes of Health/National Cancer Institute through U01CA232826, which was part of the Inherited Cancer Syndrome Collaborative, P30 CA02014; and Huntsman Cancer Foundation.
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Methane emissions are rising faster than ever | ScienceDaily
The world has not hit the brakes on methane emissions, a powerful driver of climate change. More than 150 nations have pledged to slash by 30% this decade under a global methane pledge, but new research shows global methane emissions over the past five years have risen faster than ever.


						
The trend "cannot continue if we are to maintain a habitable climate," the researchers write in a Sept. 10 perspective article in Environmental Research Letters published alongside data in Earth System Science Data. Both papers are the work of the Global Carbon Project, an initiative chaired by Stanford University scientist Rob Jackson that tracks greenhouse gas emissions worldwide.

Atmospheric concentrations of methane are now more than 2.6 times higher than in pre-industrial times -- the highest they've been in at least 800,000 years. Methane emission rates continue to rise along the most extreme trajectory used in emission scenarios by the world's leading climate scientists.

The current path leads to global warming above 3 degrees Celsius or 5 degrees Fahrenheit by the end of this century. "Right now, the goals of the Global Methane Pledge seem as distant as a desert oasis," said Jackson, who is the Michelle and Kevin Douglas Provostial Professor in the Stanford Doerr School of Sustainability and lead author of the Environmental Research Letters paper. "We all hope they aren't a mirage."

More methane from fossil fuels, agriculture, and waste

Methane is a short-lived but highly potent greenhouse gas that comes from natural sources like wetlands and human or "anthropogenic" sources such as agriculture, fossil fuels, and landfills. During the first 20 years after release, methane heats the atmosphere nearly 90 times faster than carbon dioxide, making it a key target for limiting global warming in the near term.

Despite growing policy focus on methane, however, total annual methane emissions have increased by 61 million tons or 20% over the past two decades, according to the new estimates. Increases are being driven primarily by growth of emissions from coal mining, oil and gas production and use, cattle and sheep ranching, and decomposing food and organic waste in landfills.




"Only the European Union and possibly Australia appear to have decreased methane emissions from human activities over the past two decades," said Marielle Saunois of the Universite Paris-Saclay in France and lead author of the Earth System Science Data paper. "The largest regional increases have come from China and southeast Asia."

In 2020, the most recent year for which complete data are available, nearly 400 million tons or 65% of global methane emissions came directly from human activities, with agriculture and waste contributing about two tons of methane for every ton from the fossil fuel industry. According to the researchers, human-caused emissions continued to increase through at least 2023.

Assessing pandemic impacts

Our atmosphere accumulated nearly 42 million tons of methane in 2020 -- twice the amount added on average each year during the 2010s, and more than six times the increase seen during the first decade of the 2000s.

Pandemic lockdowns in 2020 reduced transport-related emissions of nitrogen oxides (NOx), which typically worsen local air quality but prevent some methane from accumulating in the atmosphere. The temporary decline in NOx pollution accounts for about half of the increase in atmospheric methane concentrations that year -- illustrating the complex entanglements of air quality and climate change.

"We're still trying to understand the full effects of COVID lockdowns on the global methane budget," said Jackson. "COVID changed nearly everything -- from fossil fuel use to emissions of other gases that alter the lifetime of methane in the atmosphere."

Quantifying humans' influence on methane from wetlands and waterways




The Global Carbon Project scientists have made an important change in their latest accounting of global methane sources and "sinks," which include forests and soils that remove and store methane from the atmosphere.

In previous assessments, they categorized all methane from wetlands, lakes, ponds, and rivers as natural. But the new methane budget makes a first attempt to estimate the growing amount of emissions from these types of sources that result from human influences and activities.

For instance, reservoirs built by people lead to an estimated 30 million tons of methane emitted per year, because newly submerged organic matter releases methane as it decomposes. "Emissions from reservoirs behind dams are as much a direct human source as methane emissions from a cow or an oil and gas field," said Jackson, who published a new book about methane and climate solutions titled Into the Clear Blue Sky: The Path to Restoring Our Atmosphere (Scribner) in July.

The scientists estimate that about a third of wetland and freshwater methane emissions in recent years were influenced by human-caused factors including reservoirs and emissions increased by fertilizer runoff, wastewater, land use, and rising temperatures.

After a summer when severe weather and heat waves have given a glimpse of the extremes predicted in our changing climate, the authors write, "The world has reached the threshold of 1.5C increases in global average surface temperature, and is only beginning to experience the full consequences."
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Developing bacteria to produce PET-like materials | ScienceDaily
Among various eco-friendly polymers, polyhydroxyalkanoates (PHA) stand out for their excellent biodegradability and biocompatibility. They decompose naturally in soil and marine environments and are used in applications such as food packaging and medical products. However, natural PHA produced to date has faced challenges meeting various physical property requirements, such as durability and thermal stability, and has been limited in its commercial application due to low production concentrations. In light of this, KAIST researchers have recently developed a technology that could play a crucial role in solving the environmental pollution problem caused by plastics.


						
KAIST (represented by President Kwang-Hyung Lee) announced on August 26th that a research team led by Distinguished Professor Sang Yup Lee from the Department of Chemical and Biomolecular Engineering, including Dr. Youngjoon Lee and master's student Minju Kang, has successfully developed a microbial strain that efficiently produces aromatic polyester* using systems metabolic engineering.

Aromatic polyester: A polymer containing aromatic compounds (specific carbon ring structures like benzene) and ester bonds.

In this study, the research team used metabolic engineering to enhance the metabolic flux of the biosynthetic pathway for the aromatic monomer phenyllactate (PhLA) in E. coli. They manipulated the metabolic pathway to increase the polymer fraction accumulated within the cells and employed computer simulations to predict the structure of PHA synthase and improve the enzyme based on the structure-function relationship.

Through subsequent fermentation optimization, the team achieved the world's highest concentration (12.3+-0.1 g/L) for the efficient production of poly (PhLA) and successfully produced polyester through a 30L scale fed-batch fermentation, demonstrating the possibility of industrial-level production. The produced aromatic polyesters showed enhanced thermal properties, improved mechanical properties, and potential for use as drug delivery carriers.

The research team also demonstrated that an exogenous phasin protein* plays a crucial role in increasing the intracellular polymer accumulation fraction, which is directly related to the economic feasibility and efficiency of non-natural PHA production. They improved PHA synthase using a rational enzyme design approach, predicting the three-dimensional structure of the enzyme through homology modeling (a method of predicting the three-dimensional structure of a new protein based on the structure of similar proteins) followed by molecular docking simulations (simulations that predict how well a monomer can bind to an enzyme) and molecular dynamics simulations (simulations that predict how molecules move and interact over time) to upgrade the enzyme into a mutant enzyme with enhanced monomer polymerization efficiency.

Exogenous phasin protein: Phasin is a protein related to PHA production, interacting with the cytoplasmic environment on the surface of granules of PHA, and playing a role in polymer accumulation and controlling the number and size of granules. In this study, genes encoding phasin proteins derived from various natural PHA-producing microorganisms were selected and introduced.

Dr. Youngjoon Lee, co-first author of the paper, explained, "The significance of this study lies in the fact that we have achieved the world's highest concentration of microbial-based aromatic polyester production using eco-friendly materials and methods. This technology is expected to play a crucial role in addressing the environmental pollution caused by plastics." Distinguished Professor Sang Yup Lee added, "This study, which presents various strategies for the high-efficiency production of useful polymers via systems metabolic engineering, is expected to make a significant contribution to solving climate change issues, particularly the recent plastic problem."

The research findings were published on August 21st in Trends in Biotechnology, published by Cell, an international academic journal.
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Innovative research unveils news path to ethanol production from CO2 | ScienceDaily

The article, entitled "Time-Resolved Operando Insights into the Tunable Selectivity of Cu-Zn Nanocubes during Pulsed CO2 Electroreduction," reveals how the team successfully used a combination of copper and zinc oxide to favor the catalytic reduction of CO2 into ethanol. Traditionally, this process has relied solely on copper-based catalysts operated under stationary reaction conditions, which do not ensure the best selectivity to ethanol. Pulsed CO2RR is known to change this but while it is a promising approach, the catalyst can suffer from stability issues due to the more demanding reaction conditions, which are detrimental to its performance.

This new research highlights the benefits of using pulsed electrochemical CO2 reduction (CO2RR) techniques. Moreover, the team discovered that by adding a zinc oxide shell to the copper oxide nanocubes, it is possible to increase the production of ethanol while minimizing unwanted by-products such as hydrogen. Especially it was possible to achieve similar, if not superior, results in ethanol production with respect to pure Cu catalysts, but with significantly less demanding reaction conditions. In the past, the oxidation process of the catalyst involved in pulsed CO2 reduction was found to lead to the loss of Cu atoms via oxidative dissolution in the liquid medium (electrolyte), reducing its effectiveness over time. On the contrary, the present study unveiled that a more durable electrocatalyst can be created by design through the deposition of a zinc oxide-coating on the copper nanocubes. Using the new catalysts, it is then the zinc component that primarily oxidizes, sparing the copper and thereby maintaining the catalyst's integrity and efficiency. This innovative approach therefore enhances the lifetime of the catalysts themselves under the dynamic reaction conditions optimized for the generation of alcohol products. The detailed information on the structure and composition of the catalytic material required for its optimization was obtained via operando Raman spectroscopy, a method with excellent sensitivity for the detection of adsorbed reaction intermediates.

This discovery not only supports the hypothesis that the metal oxidation state plays a crucial role in the reaction and that the active reaction species are created during the catalytic process, but also demonstrates a potential way to enhance the selectivity and efficiency of CO2 reduction to ethanol. It represents a significant step forward in understanding in the quest for sustainable energy solutions, offering a promising route for a green and cost-effective production of ethanol and other fuels from CO2.
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Novel bone cancer therapy has 99% success rate, tests show | ScienceDaily
Bioactive glasses, a filling material which can bond to tissue and improve the strength of bones and teeth, has been combined with gallium to create a potential treatment for bone cancer.


						
Tests in labs have found that bioactive glasses doped with the metal have a 99 percent success rate of eliminating cancerous cells and can even regenerate diseased bones.

The research was conducted by a team of Aston University scientists led by Professor Richard Martin who is based in its College of Engineering and Physical Sciences.

In laboratory tests 99% of osteosarcoma (bone cancer) cells were killed off without destroying non-cancerous normal human bone cells. The researchers also incubated the bioactive glasses in a simulated body fluid and after seven days they detected the early stages of bone formation.

Gallium is highly toxic, and the researchers found that the 'greedy' cancer cells soak it up and self-kill, which prevented the healthy cells from being affected. Their research paper "Multifunctional Gallium doped bioactive glasses: a targeted delivery for antineoplastic agents and tissue repair against osteosarcoma" has been published in the journal Biomedical Materials.

Osteosarcoma is the mostly commonly occurring primary bone cancer and despite the use of chemotherapy and surgery to remove tumours survival rates have not improved much since the 1970s. Survival rates are dramatically reduced for patients who have a recurrence and primary bone cancer patients are more susceptible to bone fractures.

Despite extensive research on different types of bioactive glass or ceramics for bone tissue engineering, there is limited research on targeted and controlled release of anti-cancer agents to treat bone cancers.




Professor Martin said: "There is an urgent need for improved treatment options and our experiments show significant potential for use in bone cancer applications as part of a multimodal treatment.

"We believe that our findings could lead to a treatment that is more effective and localised, reducing side effects, and can even regenerate diseased bones.

"When we observed the glasses, we could see the formation of a layer of amorphous calcium phosphate/ hydroxy apatite layer on the surface of the bioactive glass particulates, which indicates bone growth." The glasses were created in the Aston University labs by rapidly cooling very high temperature molten liquids (1450 degrees C) to form glass. The glasses were then ground and sieved into tiny particles which can then be used for treatment.

In previous research the team achieved a 50 percent success rate but although impressive this was not enough to be a potential treatment. The team are now hoping to attract more research funding to conduct trials using gallium.

Dr Lucas Souza, research laboratory manager for the Dubrowsky Regenerative Medicine Laboratory at the Royal Orthopaedic Hospital, Birmingham worked on the research with Professor Martin. He added: "The safety and effectiveness of these biomaterials will need to be tested further, but the initial results are really promising.

"Treatments for a bone cancer diagnosis remain very limited and there's still much we don't understand. Research like this is vital to support in the development of new drugs and new methodologies for treatment options."
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New defect passivation strategy for perovskite solar cells | ScienceDaily

Solar energy is a promising way of reducing our dependence on fossil-fuel-based energy resources and opt for cleaner energy forms. Over the years, solar cells that can harness this renewable energy have undergone significant progress.

Metal-halide perovskite has gained significant attention as a promising light-absorbing material for solar cells due to their exceptional optoelectronic properties which enable them to efficiently generate energy from sunlight.

A popular choice of material for building high power conversion efficiency (PCE) perovskite solar cells (PSCs) is polycrystalline formamidinium lead iodide (FAPbI3) owing to its narrow energy band gap. Despite their superior optoelectronic properties and versatility, polycrystalline perovskites like FAPbI3 often suffer from defects (imperfections) in their crystal structure which are harmful to the structural stability and carrier dynamics, ultimately affecting their energy conversion abilities.

To fill this gap, a team of researchers led by Professor Hobeom Kim from the Gwangju Institute of Science and Technology (GIST) has developed a new defect passivation strategy, a process to significantly reduce defects and improve PCE and stability of perovskite solar cells. In their recent study published on 04 July 2024 in Nature Communications, the team reported introducing hexagonal polytype (6H) [different structural forms with the same composition] perovskite into the cubic polytype (3C) FAPbI3, which led to a remarkable increase in their PCE when compared to their counterparts.

But why use 6H perovskite polytype? "A typical approach so far has been to introduce an external chemical reagent to deal with the defect problem. However, bringing in external reagents could directly impact the crystalline quality of the perovskite during crystal growth, so our work does not rely on such stabilizers. Instead, we employ a chemically identical polytype of perovskite, 6H polytype containing a corner-sharing component that effectively suppresses the formation of defects in perovskite," explains Prof. Kim.

The researchers incorporated 6H perovskite into FAPbI3, by using excess of lead iodide and methylammonium chloride, thereby creating a component that intervened with the dominant defect site (halide vacancies, VI+) of a-phase cubic polytype (3C) FAPbI3. They found that the 6H phase improved the structural integrity and carrier dynamics of FAPbI3. This led to an ultralong carrier lifetime of greater than 18 microseconds, PSCs with PCEs of 24.13% and a module with PCEs of 21.92% (certified power conversion efficiency of 21.44%) with long-term operational stability.

The researchers suggested that the 3C/6H hetero-polytypic perovskite design might be the closest to the ideal configuration of a polycrystalline perovskite film. The study demonstrated how engineering defects in perovskite can accelerate the development of advanced PSCs for personal and commercial uses, such as in rooftop solar panels, wearable electronics, and portable chargers.

"Perovskite solar cells offer a transformative solution for achieving carbon neutrality and addressing global warming. Their efficiency, versatility, and reduced environmental impact make them an essential component in the transition to a sustainable future," concluded Prof. Kim.
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Researchers develop innovative method to simplify manufacturing process of cellular ceramics | ScienceDaily
A study led by the School of Engineering of the Hong Kong University of Science and Technology (HKUST) has developed an innovative method that overcomes the limitations of traditional additive manufacturing (3D printing), significantly simplifying and accelerating the production of geometrically complex cellular ceramics. This groundbreaking approach has the potential to revolutionize the design and processing of multifarious ceramic materials, opening up new possibilities for new applications in energy, electronics, and biomedicine, including robotics, solar cells, sensors, battery electrodes, and bactericidal devices.


						
Cellular ceramics are widely used ceramic materials known for their stable performance, erosion resistance, and long service life. A research team led by Associate Professor YANG Zhengbao from the Department of Mechanical and Aerospace Engineering at HKUST designed a surface-tension-assisted two-step (STATS) processing strategy to fabricate cellular ceramics with programmed 3D cell-based configurations. This approach involves two key steps: (1) the preparation of cell-based organic lattices assisted by the additive manufacturing method to build the basic configurations, and (2) filling the precursor solution with the required constituent into the architected lattice.

One big challenge was controlling the liquid geometry. To address this, the team utilized surface tension, a natural phenomenon, to capture the precursor solution in architected cellular lattices. By leveraging the ability of surface tension to trap and pin fluids in prepared lattices, they successfully controlled the liquid geometry and managed to manufacture cellular ceramics with high precision.

The team further investigated the geometry parameters for the architected lattices assembled by unit cells and unit columns, both theoretically and experimentally, to guide the 3D fluid interface creation in arranged configurations. After drying and high-temperature sintering, the architected cellular ceramics were obtained. Using the new STATS approach, the ingredient synthesis was separated from architecture building, enabling the programmable manufacturing of cellular ceramics with various cell sizes, geometries, densities, meta-structures, and constituent elements. With high programmability, the method is applicable to both structural ceramics (e.g. Al2O3) and functional ceramics (e.g. TiO2, BiFeO3, BaTiO3).

To verify the superiority of the method, researchers also studied the piezoelectric performance of cellular piezoceramics. They found that the proposed approach could decrease the micropores and improve the local compactness in sintered cellular ceramics because of the significantly reduced organic component in the feedstock. This process benefits the manufacturing of globally porous and locally compact cellular piezoceramics, achieving a relatively high piezoelectric constant d33 (~ 200 pC N-1) even at a very high overall porosity (> 90%).

Prof. Yang revealed that the method was inspired by diatoms, which are algae commonly found in sediments or attached to solid substances in waters and serve directly and indirectly as food for many animals. Single-celled diatoms are distinctly characterized by their silica frustule, or external cell wall. Thanks to a genetically programmed biomineralization process, their frustules are constructed in highly precise structures that exhibit a variety of morphology, shape, geometry, pore distribution, and assembly.

"Our strategy overcomes the limitations of conventional manufacturing methods and enables the creation of programmable, geometrically complex ceramic architectures. This novel approach can help process numerous structural and functional cellular ceramics, contributing to applications involving filters, sensors, actuators, robotics, battery electrodes, solar cells, and bactericidal devices. Moreover, the philosophy of engineering fluid interface for solid fabrication also provides a new solution for combining interfacial processing with innovative manufacturing, enlightening the synergistic development of advanced design and intelligent materials," Prof. Yang elaborated.
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Strongest battery paves way for light, energy-efficient vehicles | ScienceDaily
When cars, planes, ships or computers are built from a material that functions as both a battery and a load-bearing structure, the weight and energy consumption are radically reduced. A research group at Chalmers University of Technology in Sweden is now presenting a major advance in so-called massless energy storage -- a structural battery that could halve the weight of a laptop, make the mobile phone as thin as a credit card or increase the driving range of an electric car by up to 70 percent on a single charge.


						
"We have succeeded in creating a battery made of carbon fibre composite that is as stiff as aluminium and energy-dense enough to be used commercially. Just like a human skeleton, the battery has several functions at the same time," says Chalmers researcher Richa Chaudhary, who is the first author of a scientific article recently published in Advanced Materials.

Research on structural batteries has been going on for many years at Chalmers, and in some stages also together with researchers at the KTH Royal Institute of Technology in Stockholm, Sweden. When Professor Leif Asp and colleagues published their first results in 2018 on how stiff, strong carbon fibres could store electrical energy chemically, the advance attracted massive attention.

Lower weight requires less energy

Since then, the research group has further developed its concept to increase both stiffness and energy density. The previous milestone was reached in 2021 when the battery had an energy density of 24 watt-hours per kilogramme (Wh/kg), which means roughly 20 percent capacity of a comparable lithium-ion battery. Now it's up to 30 Wh/kg. While this is still lower than today's batteries, the conditions are quite different. When the battery is part of the construction and can also be made of a lightweight material, the overall weight of the vehicle is greatly reduced. Then not nearly as much energy is required to run an electric car, for example.

"Investing in light and energy-efficient vehicles is a matter of course if we are to economise on energy and think about future generations. We have made calculations on electric cars that show that they could drive for up to 70 percent longer than today if they had competitive structural batteries," says research leader Leif Asp, who is a professor at the Department of Industrial and Materials Science at Chalmers.

When it comes to vehicles, of course, there are high demands on the design to be sufficiently strong to meet safety requirements. There, the research team's structural battery cell has significantly increased its stiffness, or more specifically, the elastic modulus, which is measured in gigapascal (GPa), from 25 to 70. This means that the material can carry loads just as well as aluminium, but with a lower weight.




"In terms of multifunctional properties, the new battery is twice as good as its predecessor -- and actually the best ever made in the world," says Leif Asp, who has been researching structural batteries since 2007.

Several steps towards commercialisation

From the start, the goal was to achieve a performance that makes it possible to commercialise the technology. In parallel with the fact that the research is now continuing, the link to the market has been strengthened -- through the newly started Chalmers Venture company Sinonus AB, based in Boras, Sweden.

However, there is still a lot of engineering work to be done before the battery cells have taken the step from lab manufacturing on a small scale to being produced on a large scale for our technology gadgets or vehicles.

"One can imagine that credit card-thin mobile phones or laptops that weigh half as much as today, are the closest in time. It could also be that components such as electronics in cars or planes are powered by structural batteries. It will require large investments to meet the transport industry's challenging energy needs, but this is also where the technology could make the most difference," says Leif Asp, who has noticed a great deal of interest from the automotive and aerospace industries.

More about: Research and structural batteries

Structural batteries are materials that, in addition to storing energy, can carry loads. In this way, the battery material can become part of the actual construction material of a product, which means that much lower weight can be achieved on, for example, electric cars, drones, handheld tools, laptops and mobile phones.




The latest advances in this area have been published in the journal Advanced Materials. The authors are Richa Chaudhary, Johanna Xu, Zhenyuan Xia and Leif Asp at Chalmers University of Technology.

The developed battery concept is based on a composite material and has carbon fibre as both the positive and negative electrodes -- where the positive electrode is coated with lithium iron phosphate. When the previous battery concept was presented, the core of the positive electrode was made of an aluminium foil.

The carbon fibre used in the electrode material is multifunctional. In the anode it acts as a reinforcement, as well as an electrical collector and active material. In the cathode it acts as a reinforcement, current collector, and as a scaffolding for the lithium to build on. Since the carbon fibre conducts the electron current, the need for current collectors made of copper or aluminium (for example), is reduced, which reduces the overall weight even further. Nor are any so-called conflict metals such as cobalt or manganese required in the chosen electrode design.

In the battery, the lithium ions are transported between the battery terminals through a semi-solid electrolyte, instead of a liquid one, which is challenging when it comes to getting high power and for this more research is needed. At the same time, the design contributes to increased safety in the battery cell, through reduced risk of fire.

The research has been funded by the Wallenberg Initiative Materials Science for Sustainability (WISE) programme.
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New AI can ID brain patterns related to specific behavior | ScienceDaily
Maryam Shanechi, the Sawchuk Chair in Electrical and Computer Engineering and founding director of the USC Center for Neurotechnology, and her team have developed a new AI algorithm that can separate brain patterns related to a particular behavior. This work, which can improve brain-computer interfaces and discover new brain patterns, has been published in the journal Nature Neuroscience.


						
As you are reading this story, your brain is involved in multiple behaviors.

Perhaps you are moving your arm to grab a cup of coffee, while reading the article out loud for your colleague, and feeling a bit hungry. All these different behaviors, such as arm movements, speech and different internal states such as hunger, are simultaneously encoded in your brain. This simultaneous encoding gives rise to very complex and mixed-up patterns in the brain's electrical activity. Thus, a major challenge is to dissociate those brain patterns that encode a particular behavior, such as arm movement, from all other brain patterns.

For example, this dissociation is key for developing brain-computer interfaces that aim to restore movement in paralyzed patients. When thinking about making a movement, these patients cannot communicate their thoughts to their muscles. To restore function in these patients, brain-computer interfaces decode the planned movement directly from their brain activity and translate that to moving an external device, such as a robotic arm or computer cursor.

Shanechi and her former Ph.D. student, Omid Sani, who is now a research associate in her lab, developed a new AI algorithm that addresses this challenge. The algorithm is named DPAD, for "Dissociative Prioritized Analysis of Dynamics."

"Our AI algorithm, named DPAD, dissociates those brain patterns that encode a particular behavior of interest such as arm movement from all the other brain patterns that are happening at the same time," Shanechi said. "This allows us to decode movements from brain activity more accurately than prior methods, which can enhance brain-computer interfaces. Further, our method can also discover new patterns in the brain that may otherwise be missed."

"A key element in the AI algorithm is to first look for brain patterns that are related to the behavior of interest and learn these patterns with priority during training of a deep neural network," Sani added. "After doing so, the algorithm can later learn all remaining patterns so that they do not mask or confound the behavior-related patterns. Moreover, the use of neural networks gives ample flexibility in terms of the types of brain patterns that the algorithm can describe."

In addition to movement, this algorithm has the flexibility to potentially be used in the future to decode mental states such as pain or depressed mood. Doing so may help better treat mental health conditions by tracking a patient's symptom states as feedback to precisely tailor their therapies to their needs.

"We are very excited to develop and demonstrate extensions of our method that can track symptom states in mental health conditions," Shanechi said. "Doing so could lead to brain-computer interfaces not only for movement disorders and paralysis, but also for mental health conditions."
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Iron was life's 'primeval' metal | ScienceDaily
Every living organism uses tiny quantities of metals to carry out biological functions, including breathing, transcribing DNA, turning food into energy, or any number of essential life processes.


						
Life has used metals in this way since single-celled organisms floated in Earth's earliest oceans. Nearly half of the enzymes -- proteins that carry out chemical reactions in cells -- within organisms require metals, many of which are transition metals named for the space they occupy in the periodic table.

Now, a team of scientists from the University of Michigan, California Institute of Technology and University of California, Los Angeles, argue that iron was life's earliest, and sole, transition metal. Their study is published in the Proceedings of the National Academy of Sciences.

"We make a radical proposal: Iron was life's original and only transition metal," said Jena Johnson, assistant professor in the U-M Department of Earth and Environmental Sciences. "We argue that life only relied on metals that it could interact with, and the iron-rich early ocean would make other transition metals essentially invisible."

To probe this idea, Johnson joined UCLA professor Joan Valentine and Caltech researcher Ted Present.

A bioinorganic chemist, Valentine became interested in how earliest life evolved from being microscopic to the proliferation of complicated organisms there are today. Specifically, she wondered what metals were incorporated into enzymes during early life so that organisms could carry out necessary life processes. Repeatedly, she heard other researchers say that for the first half of Earth's history, the oceans were full of iron.

"You have to understand that in my field of biochemistry and bioinorganic chemistry, in medicine and in life, iron is a trace element. These are elements that are present only in small amounts," Valentine said. "When these guys told me that iron wasn't a trace element, that blew my mind."

Johnson, whose group studies iron formations and early ocean biogeochemistry, and Present were familiar with geologic evidence suggesting that early oceans were rich in iron -- specifically, an ion of iron called Fe(II). Fe(II) can be readily dissolved in water and would have been the primary metal found in oceans during the Archean Eon, a geologic time period that began about 4 billion years ago and ended about 2.5 billion years ago.




The end of the Archean Eon was marked by something called the Great Oxygenation Event. At this time, life evolved the ability to perform oxygen-producing photosynthesis. Over the next billion years, Earth's ocean transformed from an iron-rich, anoxic sea to today's oxygenated body of water, according to the researchers. This also oxidized Fe(II) into Fe(III), rendering it insoluble.

While Johnson and Present said geologists knew of iron's ubiquity on Earth during this time, it wasn't until they began talking with Valentine that they realized how great an impact iron might have had on early life.

To examine the potential impact, Present designed a model that updated predictions of the concentrations of certain metals, including iron, manganese, cobalt, nickel, copper and zinc, that could have been available in Earth's oceans when life began. The group was able to estimate the maximum concentration and availability of these elements for earliest life, he said.

"The thing that changed most dramatically as the Great Oxygenation Event occurred was not really the concentration of these other trace elements," Present said. "The thing that changed the most dramatically was a decrease in dissolved iron concentrations. The implications for what that meant for life and how it 'sees' elements in water hadn't really been wrestled with."

Once the group had determined what metals were available in early oceans, they explored which metals that simple biomolecules would bind to in these iron-rich solutions.

"We realized iron would have to do almost everything," Johnson said. "Biomolecules could capture magnesium and iron, but zinc's not getting in -- maybe nickel can get into some biomolecules in the right circumstances, but zinc's not competitive. Cobalt is invisible. Manganese is pretty invisible. This order of magnitude difference in the concentration of iron in oceans had this really tangible effect on what biomolecules can 'see' and bind from the environment."

To determine whether iron would work in metalloenzymes that currently rely on other metals, Valentine and Johnson dug into scientific literature to find out how life uses certain metals today. In each instance, they found examples of how iron or magnesium could be substituted in instead. While a metalloenzyme might use a certain kind of metal, such as zinc, they found that doesn't mean it's the only metal the enzyme can use.




"Zinc and iron is a really dramatic example because zinc is absolutely essential for life now," Valentine said. "The idea of life without zinc was really hard for me to think about until we dug into this and realized that as long as you have no oxygen around to oxidize your iron from Fe(II) to Fe(III), iron is often better than zinc in these enzymes."

Present said that once iron oxidized and was no longer as biologically available as it was before the Great Oxygenation Event, life had to find other metals to plug into its enzymes.

"Life, in the face of orders of magnitude more iron than other metals, couldn't know to evolve toward such a sophisticated way of managing them," Present said. "The fall of the abundance of iron forced life to manage these other metals to survive, but that also enabled new functions and the diversity of life we have today."
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Green hydrogen: MXenes shows talent as catalyst for oxygen evolution | ScienceDaily
The MXene class of materials has many talents. An international team led by HZB chemist Michelle Browne has now demonstrated that MXenes, properly functionalised, are excellent catalysts for the oxygen evolution reaction in electrolytic water splitting. They are more stable and efficient than the best metal oxide catalysts currently available. The team is now extensively characterising these MXene catalysts for water splitting at the Berlin X-ray source BESSY II and Soleil Synchrotron in France.


						
Green hydrogen is seen as one of the energy storage solutions of the future. The gas can be produced in a climate-neutral way using electricity from the sun or wind by electrolytic water splitting. While hydrogen molecules are produced at one electrode, oxygen molecules are formed at the other. This oxygen evolution reaction (OER) is one of the limiting factors in electrolysis. Special catalysts are needed to facilitate this reaction. Among the best candidates for OER catalysts are, for example, nickel oxides, which are inexpensive and widely available. However, they corrode quickly in the alkaline water of an electrolyser and their conductivity also leaves much to be desired. This is currently preventing the development of low-cost, high-performance electrolysers.

MXene as catalysts

A new class of materials could offer an alternative: MXenes, layered materials made of metals, such as titanium or vanadium, combined with carbon and/or nitrogen. These MXenes have a huge internal surface area that can be put to fantastic use, whether for storing charges or as catalysts.

An international team led by Dr Michelle Browne has now investigated the use of MXenes as catalysts for the oxygen evolution reaction. PhD student Bastian Schmiedecke chemically 'functionalised' the MXenes by docking copper and cobalt hydroxides onto their surfaces. In preliminary tests, the catalysts produced in this way proved to be significantly more efficient than the pure metal oxide compounds. What's more, the catalysts showed no degradation and even improved efficiency in continuous operation.

Measurements at BESSY II

Measurements at the BESSY II X-ray source, with Namrata Sharma and Tristan Petit, showed why this works so well: "We were able to use the Maxymus beamline there to find out how the outer surfaces of the MXene samples differ from the inside," explains Schmiedecke. The researchers combined scanning electron microscopy (SEM/TEM), X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), X-ray transmission microscopy (STXM) and X-ray absorption near-edge structure (XANES) to gain further insights into the material.

Outlook: observation under continuous load

"We have been able to show that MXenes have great potential for use as catalysts in electrolysers," says Michelle Browne. The collaboration with partner teams from Trinity College, Dublin, Ireland, and the University of Chemistry and Technology, Prague will continue. In addition to further chemical variations of MXene catalysts, the team also plans to test such catalysts in conventional electrolysers in continuous operation.
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Electrically modulated light antenna points the way to faster computer chips | ScienceDaily
Physicists from Wurzburg present a nanometre-sized light antenna with electrically modulated surface properties -- a breakthrough that could pave the way for faster computer chips.


						
Today's computers reach their physical limits when it comes to speed. Semiconductor components usually operate at a maximum usable frequency of a few gigahertz -- which corresponds to several billion computing operations per second. As a result, modern systems rely on several chips to divide up the computing tasks because the speed of the individual chips cannot be increased any further. However, if light (photons) were used instead of electricity (electrons) in computer chips, they could be up to 1000 times faster.

Plasmonic resonators, also known as "antennas for light," are a promising way of achieving this leap in speed. These are nanometre-sized metal structures in which light and electrons interact. Depending on their geometry, they can interact with different light frequencies.

"The challenge is that plasmonic resonators cannot yet be effectively modulated, as is the case with transistors in conventional electronics. This hinders the development of fast light-based switches," says Dr. Thorsten Feichtner, physicist at Julius-Maximilians-Universitat (JMU) Wurzburg in Bavaria, Germany.

Charged Optical Antennas: University of Wurzburg Breaks New Ground

A JMU research team in collaboration with the Southern Denmark University (SDU) in Odense has now taken a significant step forward in the modulation of light antennas: It has succeeded in achieving electrically controlled modulation that points the way to ultra-fast active plasmonics and thus to significantly faster computer chips. The experiments have been published in the journal Science Advances.

Instead of trying to change the entire resonator, the team focussed on changing its surface properties. This breakthrough was achieved by electrically contacting a single resonator, a nanorod made of gold -- an idea that is conceptually simple, but could only be realised with the help of sophisticated nanofabrication based on helium ion beams and gold nanocrystals. This unique fabrication method has been established at the JMU Chair of Experimental Physics (Biophysics) under the direction of Professor Bert Hecht. Sophisticated measurement techniques with a lock-in amplifier were crucial for detecting the small but significant effects on the surface of the resonator.




Study leader Dr. Thorsten Feichtner explains: "The effect we are making use of is comparable to the principle of the Faraday cage. Just as the electrons in a car struck by lightning collect on the outside and the occupants inside are safe, additional electrons on the surface influence the optical properties of the resonators."

Surprising Quantum Effects

Until now, optical antennas could almost always be described classically: the electrons of the metal simply stop at the edge of the nanoparticle, like water at a harbour wall. However, the measurements taken by the Wurzburg scientists revealed changes in the resonance that can no longer be explained in classical terms: the electrons "smear" across the boundary between metal and air, resulting in a soft, graduated transition, similar to a sandy beach met by the sea.

To explain these quantum effects, theorists at SDU Odense developed a semi-classical model. It incorporates the quantum properties into a surface parameter so that the calculations can be carried out using classical methods. "By perturbing the response functions of the surface, we combine classical and quantum effects, creating a unified framework that advances our understanding of surface effects," explains JMU physicist Luka Zurak, first author of the study.

New Field of Research with Great Potential

The new model can reproduce the experiments, but exactly which of the many quantum effects are involved at the metal surface is not clear at the moment. "But with this study, it is now possible for the first time to specifically design new antennas and exclude or amplify individual quantum effects," says Thorsten Feichtner.

In the long term, the researchers envisage even more applications: Smaller resonators promise optical modulators with high efficiency, which could be used technologically. In addition, the influence of surface electrons in catalytic processes can also be investigated with the system presented. This would provide new insights into energy conversion and energy storage technologies.
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Formation of super-Earths is limited near metal-poor stars | ScienceDaily
In a new study, astronomers report novel evidence regarding the limits of planet formation, finding that after a certain point, planets larger than Earth have difficulty forming near low-metallicity stars.


						
Using the sun as a baseline, astronomers can measure when a star formed by determining its metallicity, or the level of heavy elements present within it. Metal-rich stars or nebulas formed relatively recently, while metal-poor objects were likely present during the early universe.

Previous studies found a weak connection between metallicity rates and planet formation, noting that as a star's metallicity goes down, so, too, does planet formation for certain planet populations, like sub-Saturns or sub-Neptunes.

Yet this work is the first to observe that under current theories, the formation of super-Earths near metal-poor stars becomes significantly more difficult, suggesting a strict cut-off for the conditions needed for one to form, said lead author Kiersten Boley, who recently received a PhD in astronomy at The Ohio State University.

"When stars cycle through life, they enrich the surrounding space until you have enough metals or iron to form planets," said Boley. "But even for stars with lower metallicities, it was widely thought that the number of planets it could form would never reach zero."

Other studies posited that planet formation in the Milky Way should begin when stars fall between negative 2.5 to negative 0.5 metallicity, but until now, that theory was left unproven.

To test this prediction, the team developed and then searched a catalog of 10,000 of the most metal-poor stars observed by NASA's Transiting Exoplanet Survey Satellite (TESS) mission. If correct, extrapolating known trends to search for small, short-period planets around one region of 85,000 metal-poor stars would have led them to discover about 68 super-Earths.




Surprisingly, researchers in this work detected none, said Boley. "We essentially found a cliff where we expected to see a slow or a gradual slope that keeps going," she said. "The expected occurrence rates do not match up at all."

The study was published in The Astronomical Journal.

This cliff, which provides scientists with a time frame during which metallicity was too low for planets to form, extends to about half the age of the universe, meaning that super-Earths did not form early in its history. "Seven billion years ago is probably the sweet spot where we begin to see a decent bit of super-Earth formation," Boley said.

Moreover, as the majority of stars formed before that era have low metallicities and would have needed to wait until the Milky Way had been enriched by generations of dying stars to create the right conditions for planet formation, the results successfully propose an upper limit on the number and distribution of small planets in our galaxy.

"In a similar stellar type as our sample, we now know not to expect planet formation to be abundant once you pass a negative 0.5 metallicity region," said Boley. "That's kind of striking because we actually have data to show that now."

What's also striking is the study's implications for those searching for life beyond Earth, as having a more precise grasp on the intricacies of planet formation can supply scientists with detailed knowledge about where in the universe life might have flourished.




"You don't want to search areas where life wouldn't be conducive or in areas where you don't even think you're going to find a planet," Boley said. "There's just a plethora of questions that you can ask if you know these things."

Such inquiries could include determining if these exoplanets hold water, the size of their core, and if they've developed a strong magnetic field, all conditions conducive for generating life.

To apply their work to other types of planet formation processes, the team will likely need to study different types of super-Earths for longer periods than they can today. Fortunately, future observations could be attained with the help of upcoming projects like NASA's Nancy Grace Roman Space Telescope and the European Space Agency's PLATO mission, both of which will widen the search for terrestrial planets in habitable zones like our own.

"Those instruments will be really vital in terms of figuring out how many planets are out there and getting as many follow-up observations as we can," said Boley.

Other co-authors include Ji Wang from Ohio State; Jessie Christiansen, Philip Hopkins and Jon Zink from The California Institute of Technology; Kevin Hardegree-Ullman and Galen Bergsten from The University of Arizona; Eve Lee from McGill University; Rachel Fernandes from The Pennsylvania State University; and Sakhee Bhure from the University of Southern Queensland. This study was supported by the National Science Foundation and NASA.
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With AI, extreme microbe reveals how life's building blocks adapt to high pressure | ScienceDaily
An assist from a Google Artificial Intelligence tool has helped scientists discover how the proteins of a heat-loving microbe respond to the crushing conditions of the planet's deepest ocean trenches, offering new insights into how these building blocks of life might have evolved under early Earth conditions.


						
The findings, newly published in PRX Life, will likely prompt further studies into the inner workings of proteins and life on other planets, and serve as a successful case study on how artificial intelligence was able to accelerate such research by decades.

"This work gives us a better idea of how you might design a new protein to withstand stress and new clues into what types of proteins would be more likely to exist in high-pressure environments like those at the bottom of the ocean or on a different planet," said Stephen Fried, a Johns Hopkins University chemist who co-led the research.

Fried's team subjected Thermus thermophilus --  a microorganism widely used in scientific experiments owing to its ability to withstand heat -- to lab-simulated pressures mimicking those of the Mariana Trench. The tests revealed some of its proteins resist those stress levels because they have a built-in flexibility with extra space between their atomic structures, a design that allows them to compress without collapsing.

The way a protein's building blocks, or amino acid chains, "fold" or organize into 3D structures determines their function. But these structures can be very sensitive to temperature, pressure, and other factors in the environment (as well as biochemical and genetic mishaps) that cause them to misfold into dysfunctional shapes.

The analysis shows 60% of the proteins in the bacteria resisted the pressure while the rest buckled under it and their shapes became deformed, specifically at points or sites known to be of important biochemical function. The insights could help explain how other organisms thrive under extreme pressures that would kill most living things.

"Life has obviously had an evolutionary drive to adapt to different environments over billions of years, but evolution can sometimes almost sound like a magical thing," Fried said. "Here, we really get down to the biophysics of how that happens and see it's because of a simple geometrical solution in the 3D arrangement of these proteins' building blocks."

The findings are a testament to the potential of artificial intelligence for scientific discovery, Fried said. By integrating the power of Google's AlphaFold tool, the team mapped the pressure-sensitive parts of T. thermophilus' entire set of proteins. The AI tool predicted the structure of the organism's more than 2,500 proteins, helping the team calculate the correlation between their configurations and their ability to resist pressure changes -- a feat that would have taken many decades to complete with direct measurements alone, Fried said.




Although the model organism is known for its ability to thrive around hot springs or hydrothermal vents instead of its ability to withstand deep ocean pressures, the findings could shed light on deep ocean life that is supremely understudied -- as well as unknown -- said author Haley Moran, a Johns Hopkins chemist who studies "extreme" organisms.

"A lot of people predict if we are going to find extraterrestrial life, we're going to find it deep in the ocean of some planet or moon. But we don't fully understand life in our own ocean, where there are many different species that don't just tolerate what would kill us, they love it and thrive in it," Moran said. "We are taking proteins, one of the building blocks of life, and putting them under these extreme conditions to see how they may adapt to push the bounds of life."

The findings also highlight how high-pressure tests could reveal additional molecular functions that remain hidden in other organisms. Until now, conventional thinking has been that pressure levels would need to be cranked up far beyond the ocean trench level to influence a protein's biochemistry, said author Richard Gillilan, a Cornell University chemist who helped devise the high-pressure experiments.

"We were really caught by surprise, but as we continued to double-check the numbers and examine individual molecular structures, we realized this was a treasure map," Gillilan said. "We have opened a door that will provide many new targets for structural and biophysical studies, perhaps even drug discovery."

The team will next move on to conduct experiments on other organisms, specifically those that thrive under high pressures in the deep ocean.

Other authors are Edgar Manriquez-Sandoval and Piyoosh Sharma of Johns Hopkins.

The research was supported by the National Science Foundation, NSF Division of Molecular and Cellular Biology, the National Institutes of Health, the National Institute of General Medical Sciences, the Albstein Foundation for Brain Research, and New York State's Empire State Development Corporation.
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Now live: Living cells can be seen with infrared light | ScienceDaily
To accelerate biotechnology innovations, such as the development of lifesaving drug therapies, scientists strive to develop faster, more quantitative and more widely available ways to observe biomolecules in living cells.


						
Researchers at the National Institute of Standards and Technology (NIST) have developed a new method that allows the use of infrared (IR) light to capture clear images of biomolecules inside cells, something that was previously not possible due to the tendency of the water in cells to absorb infrared radiation. The new method removes the obscuring effects of water in IR-based measurements and allows researchers to determine the amounts of key biomolecules in cells, such as the proteins that direct cell function. The ability to measure changes in living cells could speed up advances in biomanufacturing, cell therapy development, drug development and more.

Their findings have been published in Analytical Chemistry.

Infrared radiation is light that is just beyond what is visible to the human eye. Although we cannot see IR light, we can feel it as heat. In IR microscopy, a material of interest absorbs radiation from a range of wavelengths in the IR spectrum. Scientists measure and analyze the IR absorption spectrum of a sample, producing a set of "fingerprints" to identify molecules and other chemical structures. However, water, the most abundant molecule both inside and outside cells, absorbs infrared strongly and masks the infrared absorption from other biomolecules in cells.

One way to understand this optical masking effect is to compare it to when an airplane passes overhead next to the Sun. With the naked eye, it's hard to see the airplane because of the Sun, but if you use a special Sun-blocking filter, then you can easily see the airplane in the sky.

"In the spectrum, water absorbs infrared so strongly, and we want to see the absorption spectrum of proteins through the thick water background, so we designed the optical system to uncloak the water contribution and reveal the protein signals," said NIST chemist Young Jong Lee.

Lee developed a patented technique that uses an optical element to compensate for water absorption from IR. Called solvent absorption compensation (SAC), the technique was used with a hand-built IR laser microscope to image cells that support the formation of connective tissue, called fibroblast cells. Over a 12-hour observation period, researchers were able to identify groups of biomolecules (proteins, lipids and nucleic acids) during stages of the cell cycle, such as cell division. While this may seem like a long time, the method is ultimately faster than current alternatives, which require beam time at a large synchrotron facility.




This new method, called SAC-IR, is label-free, meaning it does not require any dyes or fluorescent markers, which can harm cells and also produce less consistent results across labs.

The SAC-IR method enabled NIST researchers to measure the absolute mass of proteins in a cell, in addition to nucleic acids, lipids and carbohydrates. The technique could help establish a foundation for standardizing methods for measuring biomolecules in cells, which could prove useful in biology, medicine and biotechnology.

"In cancer cell therapy, for example, when cells from a patient's immune system are modified to better recognize and kill cancer cells before being reintroduced back to the patient, one must ask, 'Are these cells safe and effective?' Our method can be helpful by providing additional insight with respect to biomolecular changes in the cells to assess cell health," said Lee.

Other potential applications include using cells for drug screening, either in discovery of new drugs or in understanding the safety and efficacy of a drug candidate. For example, this method could help to assess the potency of new drugs by measuring absolute concentrations of various biomolecules in a large number of individual cells, or to analyze how different types of cells react to the drugs.

The researchers hope to develop the technique further so it can measure other key biomolecules, such as DNA and RNA, with greater accuracy. The technique could also help provide detailed answers to fundamental questions in cell biology, such as what biomolecule signatures correspond with cell viability -- in other words, if the cell is alive, dying or dead.

"Some cells are preserved in a frozen state for months or years, then thawed for later use. We don't yet fully understand how best to thaw the cells while maintaining maximum viability. With our new measurement capabilities, we may be able to develop better processes for cell freezing and thawing by looking at their infrared spectra," said Lee.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240909160249.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



AI can slash indoor farming energy use | ScienceDaily
Integrating artificial intelligence into today's environmental control systems could reduce energy consumption for indoor agriculture by 25% -- potentially helping to feed the world as its population rises, Cornell University engineers have found.


						
The research published in Nature Food.

The world population is expected to grow to 9.7 billion people by 2050, according to the United Nations. This growth, combined with climate change and urbanization, requires fixes for the flaws in the world's current food production systems, the researchers said.

Indoor farming methods, such as plant factories with artificial lighting, are less vulnerable to climate change, but they're energy intensive and require careful resource management to be sustainable.

"Existing environmental control systems are not smart enough," said Fengqi You, professor in energy systems engineering at Cornell.

By using AI techniques like deep reinforcement learning and computational optimization, the scientists analyzed lettuce cultivated in indoor agriculture facilities within eight diverse locales -- Los Angeles, Chicago, Miami, Seattle, Milwaukee, Phoenix, Fargo, North Dakota and Ithaca, New York throughout the U.S. -- as well as Reykjavik, Iceland and Dubai, United Arab Emirates.

AI reduces energy use by optimizing lighting and climate regulation systems. Energy use dropped to 6.42 kilowatt hours per kilogram fresh weight (energy needed or used to produce one kilogram of indoor-grown lettuce) from 9.5 kilowatt hours per kilogram fresh weight, in places that use non-AI technology. The researchers found that for warmer areas, such as Dubai or the southern U.S., AI reduced energy usage to 7.26 kilowatt hours per kilogram fresh weight, down from 10.5 kilowatt hours per kilogram fresh weight.

Low ventilation during light periods (16 hours of simulated sunlight) and high ventilation during dark periods (eight hours that simulate night) provided an energy-efficient solution for optimal indoor carbon dioxide levels for photosynthesis, oxygen for respiration and plant growth, and balanced other ventilation requirements.

"This is a very similar concept to smart homes," You said. "We want to be comfortable at home while reducing energy use; so do crops. This work focuses on a smart system to make food production optimal, sustainable and lower the carbon footprint. That's what AI does very well. We can save quite a bit if we use AI to optimize the artificial lighting and other energy systems carefully."

Financial support for this research was provided by the U.S. Department of Agriculture (National Institute of Food and Agriculture); the Natural Sciences and Engineering Research Council of Canada; and the Eric and Wendy Schmidt AI in Science Postdoctoral Fellowship (Cornell).
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Chemical chameleon reveals novel pathway for separating rare-earth metals | ScienceDaily
Researchers at the Department of Energy's Oak Ridge National Laboratory have found a chemical "chameleon" that could improve the process used to purify rare-earth metals used in clean energy, medical and national security applications.


						
The study, performed in collaboration with Vanderbilt University, is the latest of many efforts by ORNL's Chemical Sciences Division to lower the barriers to accessing metals called lanthanides, which are used widely in diverse products and applications, from biomedical imaging to industrial chemical production to electronics. There are 15 lanthanides, and they, along with two other elements, are collectively known as the rare-earth metals.

Contrary to what their name implies, most rare-earth metals are not in fact rare; lanthanides are naturally occurring in mineral ore deposits, and many are as common in the environment as copper and lead. However, the powerful properties of the metals that cause them to be so widely used are only functional if an individual lanthanide is separated from the mixture of other metals in which it is present when mined. The metal of choice must be purified to a high level before it becomes useful in its intended application. The rarity lies in the difficulty of this process.

"It's a big challenge, because the lanthanide ions are very similar in their sizes and chemical properties," said Subhamay Pramanik, former ORNL postdoc and now radiochemist with ORNL's Nanomaterials Chemistry group. "They differ by only the slightest amount, so isolating pure individual lanthanides requires very precise separations science."

To isolate a select metal from rare-earth mineral solutions, scientists and industry use ligands -- chemical compounds that selectively bind to a particular metal within the solution. These compounds are mixed into an organic solvent, then mixed with a water-based solution of the lanthanide mixture. Like oil, organic solvents do not mix with water, so the layers separate. If the compound successfully grabs the target metal from the solution during mixing, it pulls the metal into the organic layer when the solvent and aqueous solution separate. Then the metal can be processed and further purified.

The best current industrial separations processes occur in stages, with lanthanides separated in a particular order -- heavy to light or light to heavy. The process is time-consuming and costly, and it produces a lot of waste that is not always environmentally friendly.

Enter the chameleon. When studying an existing ligand similar to the compounds used in the aforementioned process, scientists discovered something unique: a ligand that behaves differently depending on the experimental conditions. Like a chameleon changes its color to adapt to its environment, the compound changes its behavior when the environment around it changes, binding to different lanthanides depending on the acid concentration of the solution and the amount of time the ligand is allowed to interact with it. For example, if the environment is more acidic, the ligand preferentially binds to a heavier lanthanide.




"In typical separation systems, a ligand usually shows preference for either lighter or heavier lanthanides," said ORNL's Santa Jansone-Popova, who co-led the study. "We found you can use the same compound to perform multiple different separations, which is exciting and unique. And we identified the mechanisms by which it does it."

Using the same compound to separate multiple different lanthanides in the series could lower the number of steps needed in this common and costly process. Moreover, depending on the conditions, the ligand in this study could separate the heaviest, the lightest and mid-weight lanthanides -- in any order.

Other ligands do not show this same behavior. However, until now, scientists did not know this one would either. The chameleon ligand looks similar to other well-established ligands, but it has completely different behavior. Now that it is known that such capabilities and systems exist for lanthanide-binding compounds, the ligand can be studied in more depth, and more compounds with similar behavior could be discovered.

"Just because the structure of a ligand looks very similar to another, it doesn't have to behave the same, and that understanding moves the needle and pushes the boundaries of what's known," said ORNL's Ilja Popovs, who co-led the study. "It has the potential to make the separations processes faster, cleaner and better -- reducing the number of stages, providing better selectivity and purity, and leading to more environmentally friendly processes."

This work was sponsored by DOE's Office of Science Separation Science and Materials Chemistry programs. Portions of the work leveraged two DOE Office of Science user facilities: Argonne National Laboratory's Advanced Photon Source and Brookhaven National Laboratory's National Synchrotron Light Source II.
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In search of new microscopy tools to observe how cells function | ScienceDaily
Two labs at the University of Utah's Department of Chemistry joined forces to improve imaging tools that may soon enable scientists to better observe signaling in functioning cells and other molecular-scale processes central to life.


						
The Noriega and Hammond labs, with complementary expertise in materials chemistry and chemical biology, made critical discoveries announced this month in the Journal of the American Chemical Society that could advance this goal. Their joint project was kickstarted through a team development grant from the Utah's College of Science and the 3i Initiative to encourage faculty with different research interests to work together on big-picture problems.

"We're trying to develop a new kind of imaging method, a way to look into cells and be able to see both their structural features, which are really intricate, while also capturing information about their activity," co-author Ming Hammond said. "Current methods provide high-resolution details on cellular structure but have a challenging 'blind spot' when it comes to function. In this paper, we study a tool that might be applied in electron microscopy to report on structure and function at the same time."

Biological samples often need "markers," or molecules that are the source of detectable signals, explained co-author Rodrigo Noriega. A widely used type of markers are flavoproteins which, when photoexcited, trigger a chemical reaction that yields metal-absorbing polymer particles whose high contrast in electron microscopy is easily seen.

"Previous work focused on the markers without the materials they generate, but our study incorporates the materials chemistry steps in the model," said Noriega, who was named a Sloan Research Fellow this year under a program that recognizes early-career scientists whose research has the potential to revolutionize their fields.

Scientists had long assumed that a mechanism involving singlet oxygen generation, a special kind of reactive oxygen species, was at play. However, the University of Utah team found that electron transfer between the photoexcited marker and the polymer building blocks is the main contributor to the process.

"We're studying a tool that other people have used a lot as the basis for this new kind of imaging, and everyone thought that it worked a certain way," Hammond said, "but our photophysical studies revealed a surprising mechanism." This previously overlooked electron transfer pathway generates reactive species that yield the desired source of contrast for electron microscopy, without the need for singlet oxygen.




This new information could help scientists improve the design of these markers, according to Noriega and Hammond. The collaborative team, for example, has built upon these results to expand the number and types of polymer building blocks employed, as well as using markers that are poor singlet oxygen sources but are excellent electron transfer partners, and growing contrast agents in environments that were not feasible before.

"Beyond their use in electron microscopy, what these markers allow you to do is obtain two images from the same sample, one using light microscopy and another one with electron microscopy, and this sort of multilayer image contains much more information than either of them alone," Noriega said. This method, called correlative microscopy, is like the different layers in Google Maps, Noriega explained.

These advances may enable scientists to better understand cell signaling, one of the fundamental processes of life, and not just within individual cells, but among communities of cells.

"Cells use chemicals to communicate with each other. That's their language, how they know whether their neighbors are friendly or antagonistic. It's how they work together, compete, and even disguise themselves within a community," Hammond said. Mapping these chemical signals between groups of cells in a complex spatial arrangement requires them to detect activity levels within the context of the sample structure. "We would love to be able to see their communication, but we also want to see their neighborhood."
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Artificial muscles propel a robotic leg to walk and jump | ScienceDaily
Inventors and researchers have been developing robots for almost 70 years. To date, all the machines they have built -- whether for factories or elsewhere -- have had one thing in common: they are powered by motors, a technology that is already 200 years old. Even walking robots feature arms and legs that are powered by motors, not by muscles as in humans and animals. This in part suggests why they lack the mobility and adaptability of living creatures.


						
A new muscle-powered robotic leg is not only more energy efficient than a conventional one, it can also perform high jumps and fast movements as well as detect and react to obstacles -- all without the need for complex sensors. The new leg has been developed by researchers at ETH Zurich and the Max Planck Institute for Intelligent Systems (MPI-IS) in a research partnership called Max Planck ETH Center for Learning Systems, known as CLS. The CLS team was led by Robert Katzschmann at ETH Zurich and Christoph Keplinger at MPI-IS. Their doctoral students Thomas Buchner and Toshihiko Fukushima are the co-first authors of the team's publication on an animal-inspired musculoskeletal robotic leg in Nature Communications.

Electrically charged like a balloon

As in humans and animals, an extensor and a flexor muscle ensure that the robotic leg can move in both directions. These electro-hydraulic actuators, which the researchers call HASELs, are attached to the skeleton by tendons.

The actuators are oil-filled plastic bags, similar to those used to make ice cubes. About half of each bag is coated on either side with a black electrode made of a conductive material. Buchner explains that "as soon as we apply a voltage to the electrodes, they are attracted to each other due to static electricity. Similarly, when I rub a balloon against my head, my hair sticks to the balloon due to the same static electricity." As one increases the voltage, the electrodes come closer and push the oil in the bag to one side, making the bag overall shorter.

Pairs of these actuators attached to a skeleton result in the same paired muscle movements as in living creatures: as one muscle shortens, its counterpart lengthens. The researchers use a computer code that communicates with high-voltage amplifiers to control which actuators contract, and which extend.

More efficient than electric motors

The researchers compared the energy efficiency of their robotic leg with that of a conventional robotic leg powered by an electric motor. Among other things, they analysed how much energy is unnecessarily converted into heat. "On the infrared image, it's easy to see that the motorised leg consumes much more energy if, say, it has to hold a bent position," Buchner says. The temperature in the electro-hydraulic leg, in contrast, remains the same. This is because the artificial muscle is electrostatic. "It's like the example with the balloon and the hair, where the hair stays stuck to the balloon for quite a long time," Buchner adds. "Typically, electric motor driven robots need heat management which requires additional heat sinks or fans for diffusing the heat to the air. Our system doesn't require them," Fukushima says.




Agile movement over uneven terrain

The robotic leg's ability to jump is based on its ability to lift its own weight explosively. The researchers also showed that the robotic leg has a high degree of adaptability, which is particularly important for soft robotics. Only if the musculoskeletal system has sufficient elasticity can it adapt flexibly to the terrain in question. "It's no different with living creatures. If we can't bend our knees, for example, walking on an uneven surface becomes much more difficult," Katzschmann says. "Just think of taking a step down from the pavement onto the road."

In contrast to electric motors requiring sensors to constantly tell what angle the robotic leg is at, the artificial muscle adapts to suitable position through the interaction with the environment. This is driven just by two input signals: one to bend the joint and one to extend it. Fukushima explains: "Adapting to the terrain is a key aspect. When a person lands after jumping into the air, they don't have to think in advance about whether they should bend their knees at a 90-degree or a 70-degree angle." The same principle applies to the robotic leg's musculoskeletal system: upon landing, the leg joint adaptively moves into a suitable angle depending on whether the surface is hard or soft.

Emerging technology opens up new possibilities

The research field of electrohydraulic actuators is still young, having emerged only around six years ago. "The field of robotics is making rapid progress with advanced controls and machine learning; in contrast, there has been much less progress with robotic hardware, which is equally important. This publication is a powerful reminder of how much potential for disruptive innovation comes from introducing new hardware concepts, like the use of artificial muscles," Keplinger says. Katzschmann adds that electro-hydraulic actuators are unlikely to be used in heavy machinery on construction sites, but they do offer specific advantages over standard electric motors. This is particularly evident in applications such as grippers, where the movements have to be highly customised depending on whether the object being gripped is, for example, a ball, an egg or a tomato.

Katzschmann does have one reservation: "Compared to walking robots with electric motors, our system is still limited. The leg is currently attached to a rod, jumps in circles and can't yet move freely." Future work should overcome these limitations, opening the door to developing real walking robots with artificial muscles. He further elaborates: "If we combine the robotic leg in a quadruped robot or a humanoid robot with two legs, maybe one day, when it is battery-powered, we can deploy it as a rescue robot."
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New molecular engineering technique allows for complex organoids | ScienceDaily
A new molecular engineering technique can precisely influence the development of organoids. Microbeads made of specifically folded DNA are used to release growth factors or other signal molecules inside the tissue structures. This gives rise to considerably more complex organoids that imitate the respective tissues much better and have a more realistic cell mix than before. An interdisciplinary research team from the Cluster of Excellence "3D Matter Made to Order" with researchers based at the Centre for Organismal Studies and the Center for Molecular Biology of Heidelberg University, the university's BioQuant Center as well as the Max Planck Institute for Medical Research in Heidelberg developed the technique.


						
Organoids are miniature, organ-like tissue structures derived from stem cells. They are used in basic research to gain new insights into human development or to study the development of diseases. "Until now it wasn't possible to control the growth of such tissue structures from their interior," states Dr Cassian Afting, a Physician Scientist at the Centre for Organismal Studies (COS). "Using the novel technique, we can now determine precisely when and where in the growing tissue key developmental signals are released," emphasizes Tobias Walther, a biotechnologist and doctoral candidate at the Center for Molecular Biology of Heidelberg University (ZMBH) and the Max Planck Institute for Medical Research in Heidelberg.

The interdisciplinary research team of biologists, physicians, physicists, and materials scientists constructed microscopically small beads of DNA that can be "loaded" with proteins or other molecules. These microbeads are injected into the organoids and release their cargo when exposed to UV light. This allows the release of growth factors or other signal molecules at any given time and location within the developing tissue.

The researchers tested the process on retinal organoids of the Japanese rice fish medaka by precisely inserting microbeads loaded with a Wnt signal molecule into the tissue. For the first time, they were able to induce retinal pigment epithelial cells -- the outer layer of the retina -- to form adjacent to neural retinal tissue. Previously, adding Wnt to the culture media would induce pigment cells but suppress neural retina development. "Thanks to the localized release of signaling molecules, we were able to achieve a more realistic mix of cell types, thereby more closely mimicking the natural cell composition of the fish eye than with conventional cell cultures," explains Prof. Dr Kerstin Gopfrich, a researcher in the field of synthetic biology at the ZMBH and the Max Planck Institute for Medical Research.

According to the scientists, the DNA microbeads can be flexibly adapted to transport many different signal molecules in various types of cultivated tissue. "This opens up new possibilities for engineering organoids with improved cellular complexity and organization," states Prof. Dr Joachim Wittbrodt, who directed the research work together with Prof. Gopfrich. "More sophisticated organoid models could accelerate research on human development and disease and potentially lead to better organoid-based drug research," states the Heidelberg developmental biologist, whose research group is located at the COS.

The new technique for creating more complex organoids was developed in the Cluster of Excellence "3D Matter Made to Order," which is operated jointly by Heidelberg University and the Karlsruhe Institute of Technology. The research work was funded by the European Research Council (ERC) within the framework of an ERC Starting Grant for Kerstin Gopfrich, and the German Research Foundation. A paper with the research results was published in the journal Nature Nanotechnology.
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Breakthrough insights into carbon dioxide absorption using cement-based materials | ScienceDaily
Cement-based materials provide a potential solution for mitigating climate change by trapping and storing atmospheric carbon dioxide as minerals, via a process known as carbonation. Despite extensive studies, however, the exact mechanism of this process is not yet understood. Now, researchers have conducted a comprehensive investigation of carbonation reaction using a new method, revealing the role of structural changes and water transport, paving the way for advanced carbon dioxide-absorbing building materials.


						
Carbon dioxide (CO2) emissions are currently one of the leading causes of global warming. Cement-based materials have shown promising applications in capturing and solidifying CO2 as minerals through a process called carbonation, offering a potential solution to mitigate the challenges associated with climate change. Consequently, numerous studies have been conducted on the carbonation of cement-based materials to improve the efficiency of carbonation.

Put simply, carbonation in cement paste involves the dissolution of CO2 in water, followed by interaction with calcium silicate hydrates (C-S-H), formed during the hydration of raw materials. During this reaction, the dissolved CO2 forms carbonate ions (CO32-), and further reacts with calcium ions (Ca2+) from C-S-H to create calcium carbonate precipitates. However, despite extensive studies with varying parameters, the complete explanation of carbonation mechanisms is not clearly understood due to the unstable nature of cement paste compounds.

Previous studies have shown that carbonation is strongly impacted by relative humidity (RH), CO2 solubility, calcium/silicate (Ca/Si) ratio, and concentration and saturation level of water in C-S-H. Moreover, it is also important to understand the influence of ions and water transport through the nanometer-sized pores in C-S-H layers, known as gel-pore water.

To answer these questions, Associate Professor Takahiro Ohkubo from the Graduate School of Engineering at Chiba University with his team of researchers, including Taiki Uno from Chiba University, Professor Ippei Maruyama and Naohiko Saeki from The University of Tokyo, Associate Professor Yuya Suda from University of Ryukyus, Atsushi Teramoto from Hiroshima University, and Professor Ryoma Kitagaki from Hokkaido University investigated the mechanism of carbonation reaction under different Ca/Si ratios and RH conditions. Their study was published in The Journal of Physical Chemistry C on July 08, 2024. "The role of water transport and carbonation-related structural changes remains an open question. In this study we used a new method to study these factors, using 29Si nuclear magnetic resonance (NMR) and 1H NMR relaxometry, which has been established as an ideal tool for studying water transport in C-S-H," says Associate Professor Ohkubo.

To study the carbonation process, the researchers synthesized C-S-H and subjected them to accelerated carbonation using 100% CO2, far higher than atmospheric levels. "Natural carbonation in cement materials occurs over several decades by absorbing atmospheric CO2, making it difficult to study in a lab setting. Accelerated carbonation experiments with elevated CO2 concentrations provide a practical solution to this challenge," explains Associate Professor Ohkubo. The samples were synthesized under varying RH conditions and Ca/Si ratios. Further, they studied the C-S-H samples using 29Si NMR, and the water exchange processes using 1H NMR relaxometry under a deuterium dioxide (D2O) atmosphere.

The researchers found that the structural changes induced by the carbonation reaction, including the collapse of the C-S-H chain structure and changes in the pore size were heavily influenced by the Ca/Si ratio of the C-S-H chain and RH conditions. Additionally, lower RH conditions and a high Ca/Si ratio resulted in smaller-sized pores, suppressing the leaching of Ca2+ ions and water from the interlayer space to gel-pores, leading to inefficient carbonation. "Our study shows that the carbonation process occurs due to a combination of structural modifications and mass transfer, signifying the importance of studying their interplay, rather than just structural changes," says Associate Professor Ohkubo.

Further highlighting the implications of the present study, Associate Professor Ohkubo adds, "Our findings can contribute to developing new building materials that can absorb large amounts of atmospheric CO2. Additionally, carbonation reactions are also common in organic matter and hence, our new approach will also help to understand the carbonation of compounds in the natural environment."

In conclusion, this study sheds light on the carbonation reaction of cement-based materials, offering a potential solution to CO2 reduction.
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Microwaving waste cooking oil into useful chemicals | ScienceDaily
Researchers from Kyushu University have revealed that a zeolite material called Na-ZSM-5 is effective in improving the chemical conversion of biomass into olefins -- a precursor chemical that makes everything from plastics to pharmaceuticals -- using microwaves. Publishing their work in Chemical Engineering Journal, the team explains that microwave heating of Na-ZSM-5 could open doors to a more energy-efficient and sustainable chemical industry.


						
If you want to synthesize complex organic compounds, whether it be plastics, pharmaceuticals, or food additives, you generally need to start with chemical precursors with simple structures. Naturally, finding ways to efficiently and sustainably synthesize precursor chemicals is an extensively researched field.

A commonly used method of synthesizing these essential chemicals is via a process called reforming of naphtha. However, this process requires high amounts of energy and releases carbon dioxide. Cooking oil waste and microalgal oils have been considered as alternative and inexpensive sources to synthesize said simple chemicals.

These oils can be converted using a method called 'catalytic cracking' with the help of a material called zeolite. Zeolite is a porous natural material, commonly used as a catalyst or as an absorbent. In the catalytic cracking process, materials need to be heated up to temperatures as high as 500-600degC. In addition to being very energy intensive, operating at such temperatures can cause a buildup of unwanted deposits, a phenomenon known as coking, which reduces the lifetime of the catalyst.

In the present study, Associate Professor Shuntaro Tsubaki from Kyushu University's Faculty of Agriculture and his team experimented with microwaves to heat zeolite catalysts to the required temperature without the negative effects like coking.

"Microwaves interact directly with materials and can selectively deliver energy to them, enabling significant energy savings compared to conventional heat-convective processes," explains Tsubaki. "In particular, microwaves can accelerate gas-solid catalysis by passing straight through the gas phase and selectively heating the solid catalyst. They achieve this by forming spatial hot spots inside the catalyst bed."

In their study, the researchers first compared various zeolite catalysts, looking for the ones that could be effectively heated by microwaves and deliver good catalytic performance. Using both theoretical and experimental analyses, they narrowed it down to Na-ZSM-5, a sodium ion substituted zeolite.




Next, to showcase the advantages of microwave heating versus conventional heating, the researchers performed a catalytic conversion of methyl oleate. When microwave heating was used, Na-ZSM-5 outperformed other catalysts, achieving a high conversion efficiency of fatty acid esters into olefins with high selectivity. Moreover, carbon dioxide production was suppressed to only 1.3% of the total reaction output, and carbon monoxide was not produced at all.

Most importantly, microwave heating of Na-ZSM-5 to 500degC resulted in four times higher olefin production compared to conventional heating to 500degC. This was in part caused by a higher selectivity of Na-ZSM-5 to produce olefins instead of other compounds. Moreover, coke formation was not observed when microwave heating was used, even at the high temperature of 600degC.

Finally, to shed light on why microwave heating improved upon various aspects of the catalytic process, the researchers analyzed the local structural changes in the zeolite when exposed by microwaves. Interestingly, they found that microwave absorption caused localized temperatures of over 1000degC in the zeolite's crystal lattice, even as the temperature of the bulk material remained at 500degC. These extreme temperatures were likely responsible for driving the selective production of olefins.

Microwave heating of catalysts could significantly improve catalytic biomass conversion and help in achieving the sustainability goals of the modern chemical industry.

"Our findings are expected to contribute to the further electrification of the chemical industry. Since microwaves can be generated from renewable energy sources such as solar and wind, we can reduce the environmental impact of the synthesis of these fundamental chemicals," highlights Tsubaki.

The researchers are planning on further enhancing microwave-driven catalytic processes, seeking to improve yield and energy efficiency while scaling up their capacity. They hope their efforts could lead to a new era in sustainable chemical manufacturing.
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Molecular simulations, supercomputing lead to energy-saving biomaterials breakthrough | ScienceDaily
A team led by scientists at the Department of Energy's Oak Ridge National Laboratory identified and successfully demonstrated a new method to process a plant-based material called nanocellulose that reduced energy needs by a whopping 21%. The approach was discovered using molecular simulations run on the lab's supercomputers, followed by pilot testing and analysis.


						
The method, leveraging a solvent of sodium hydroxide and urea in water, can significantly lower the production cost of nanocellulosic fiber -- a strong, lightweight biomaterial ideal as a composite for 3D-printing structures such as sustainable housing and vehicle assemblies. The findings support the development of a circular bioeconomy in which renewable, biodegradable materials replace petroleum-based resources, decarbonizing the economy and reducing waste.

Colleagues at ORNL, the University of Tennessee, Knoxville, and the University of Maine's Process Development Center collaborated on the project that targets a more efficient method of producing a highly desirable material. Nanocellulose is a form of the natural polymer cellulose found in plant cell walls that is up to eight times stronger than steel.

The scientists pursued more efficient fibrillation: the process of separating cellulose into nanofibrils, traditionally an energy-intensive, high-pressure mechanical procedure occurring in an aqueous pulp suspension. The researchers tested eight candidate solvents to determine which would function as a better pretreatment for cellulose. They used computer models that mimic the behavior of atoms and molecules in the solvents and cellulose as they move and interact. The approach simulated about 0.6 million atoms, giving scientists an understanding of the complex process without the need for initial, time-consuming physical work in the lab.

The simulations developed by researchers with the UT-ORNL Center for Molecular Biophysics, or CMB, and the Chemical Sciences Division at ORNL were run on the Frontier exascale computing system -- the world's fastest supercomputer for open science. Frontier is part of the Oak Ridge Leadership Computing Facility, a DOE Office of Science user facility at ORNL.

"These simulations, looking at every single atom and the forces between them, provide detailed insight into not just whether a process works, but exactly why it works," said project lead Jeremy Smith, director of the CMB and a UT-ORNL Governor's Chair.

Once the best candidate was identified, the scientists followed up with pilot-scale experiments that confirmed the solvent pretreatment resulted in an energy savings of 21% compared to using water alone, as described in the Proceedings of the National Academy of Sciences.




With the winning solvent, researchers estimated electricity savings potential of about 777 kilowatt hours per metric ton of cellulose nanofibrils, or CNF, which is roughly the equivalent to the amount needed to power a house for a month. Testing of the resulting fibers at the Center for Nanophase Materials Science, a DOE Office of Science user facility at ORNL, and U-Maine found similar mechanical strength and other desirable characteristics compared with conventionally produced CNF.

"We targeted the separation and drying process since it is the most energy-intense stage in creating nanocellulosic fiber," said Monojoy Goswami of ORNL's Carbon and Composites group. "Using these molecular dynamics simulations and our high-performance computing at Frontier, we were able to accomplish quickly what might have taken us years in trial-and-error experiments."

The right mix of materials, manufacturing 

"When we combine our computational, materials science and manufacturing expertise and nanoscience tools at ORNL with the knowledge of forestry products at the University of Maine, we can take some of the guessing game out of science and develop more targeted solutions for experimentation," said Soydan Ozcan, lead for the Sustainable Manufacturing Technologies group at ORNL.

The project is supported by both the DOE Office of Energy Efficiency and Renewable Energy's Advanced Materials and Manufacturing Technologies Office, or AMMTO, and by the partnership of ORNL and U-Maine known as the Hub & Spoke Sustainable Materials & Manufacturing Alliance for Renewable Technologies Program, or SM2ART.

The SM2ART program focuses on developing an infrastructure-scale factory of the future, where sustainable, carbon-storing biomaterials are used to build everything from houses, ships and automobiles to clean energy infrastructure such as wind turbine components, Ozcan said.




"Creating strong, affordable, carbon-neutral materials for 3D printers gives us an edge to solve issues like the housing shortage," Smith said.

It typically takes about six months to build a house using conventional methods. But with the right mix of materials and additive manufacturing, producing and assembling sustainable, modular housing components could take just a day or two, the scientists added.

The team continues to pursue additional pathways for more cost-effective nanocellulose production, including new drying processes. Follow-on research is expected to use simulations to also predict the best combination of nanocellulose and other polymers to create fiber-reinforced composites for advanced manufacturing systems such as the ones being developed and refined at DOE's Manufacturing Demonstration Facility, or MDF, at ORNL. The MDF, supported by AMMTO, is a nationwide consortium of collaborators working with ORNL to innovate, inspire and catalyze the transformation of U.S. manufacturing.

Other scientists on the solvents project include Shih-Hsien Liu, Shalini Rukmani, Mohan Mood, Yan Yu and Derya Vural with the UT-ORNL Center for Molecular Biophysics; Katie Copenhaver, Meghan Lamm, Kai Li and Jihua Chen of ORNL; Donna Johnson of the University of Maine, Micholas Smith of the University of Tennessee, Loukas Petridis, currently at Schrodinger and Samarthya Bhagia, currently at PlantSwitch.
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Atoms on the edge | ScienceDaily
Typically, electrons are free agents that can move through most metals in any direction. When they encounter an obstacle, the charged particles experience friction and scatter randomly like colliding billiard balls.


						
But in certain exotic materials, electrons can appear to flow with single-minded purpose. In these materials, electrons may become locked to the material's edge and flow in one direction, like ants marching single-file along a blanket's boundary. In this rare "edge state," electrons can flow without friction, gliding effortlessly around obstacles as they stick to their perimeter-focused flow. Unlike in a superconductor, where all electrons in a material flow without resistance, the current carried by edge modes occurs only at a material's boundary.

Now MIT physicists have directly observed edge states in a cloud of ultracold atoms. For the first time, the team has captured images of atoms flowing along a boundary without resistance, even as obstacles are placed in their path. The results, which appear in Nature Physics, could help physicists manipulate electrons to flow without friction in materials that could enable super-efficient, lossless transmission of energy and data.

"You could imagine making little pieces of a suitable material and putting it inside future devices, so electrons could shuttle along the edges and between different parts of your circuit without any loss," says study co-author Richard Fletcher, assistant professor of physics at MIT. "I would stress though that, for us, the beauty is seeing with your own eyes physics which is absolutely incredible but usually hidden away in materials and unable to be viewed directly."

The study's co-authors at MIT include graduate students Ruixiao Yao and Sungjae Chi, former graduate students Biswaroop Mukherjee PhD '20 and Airlia Shaffer PhD '23, along with Martin Zwierlein, the Thomas A. Frank Professor of Physics. The co-authors are all members of MIT's Research Laboratory of Electronics and the MIT-Harvard Center for Ultracold Atoms.

Forever on the edge

Physicists first invoked the idea of edge states to explain a curious phenomenon, known today as the Quantum Hall effect, which scientists first observed in 1980, in experiments with layered materials, where electrons were confined to two dimensions. These experiments were performed in ultracold conditions, and under a magnetic field. When scientists tried to send a current through these materials, they observed that electrons did not flow straight through the material, but instead accumulated on one side, in precise quantum portions.




To try and explain this strange phenomenon, physicists came up with the idea that these Hall currents are carried by edge states. They proposed that, under a magnetic field, electrons in an applied current could be deflected to the edges of a material, where they would flow and accumulate in a way that might explain the initial observations.

"The way charge flows under a magnetic field suggests there must be edge modes," Fletcher says. "But to actually see them is quite a special thing because these states occur over femtoseconds, and across fractions of a nanometer, which is incredibly difficult to capture."

Rather than try and catch electrons in an edge state, Fletcher and his colleagues realized they might be able to recreate the same physics in a larger and more observable system. The team has been studying the behavior of ultracold atoms in a carefully designed setup that mimics the physics of electrons under a magnetic field.

"In our setup, the same physics occurs in atoms, but over milliseconds and microns," Zwierlein explains. "That means that we can take images and watch the atoms crawl essentially forever along the edge of the system."

A spinning world

In their new study, the team worked with a cloud of about 1 million sodium atoms, which they corralled in a laser-controlled trap, and cooled to nanokelvin temperatures. They then manipulated the trap to spin the atoms around, much like riders on an amusement park Gravitron.




"The trap is trying to pull the atoms inward, but there's centrifugal force that tries to pull them outward," Fletcher explains. "The two forces balance each other, so if you're an atom, you think you're living in a flat space, even though your world is spinning. There's also a third force, the Coriolis effect, such that if they try to move in a line, they get deflected. So these massive atoms now behave as if they were electrons living in a magnetic field."

Into this manufactured reality, the researchers then introduced an "edge," in the form of a ring of laser light, which formed a circular wall around the spinning atoms. As the team took images of the system, they observed that when the atoms encountered the ring of light, they flowed along its edge, in just one direction.

"You can imagine these are like marbles that you've spun up really fast in a bowl, and they just keep going around and around the rim of the bowl," Zwierlein offers. "There is no friction. There is no slowing down, and no atoms leaking or scattering into the rest of the system. There is just beautiful, coherent flow."

"These atoms are flowing, free of friction, for hundreds of microns," Fletcher adds. "To flow that long, without any scattering, is a type of physics you don't normally see in ultracold atom systems."

This effortless flow held up even when the researchers placed an obstacle in the atoms' path, like a speed bump, in the form of a point of light, which they shone along the edge of the original laser ring. Even as they came upon this new obstacle, the atoms didn't slow their flow or scatter away, but instead glided right past without feeling friction as they normally would.

"We intentionally send in this big, repulsive green blob, and the atoms should bounce off it," Fletcher says. "But instead what you see is that they magically find their way around it, go back to the wall, and continue on their merry way."

The team's observations in atoms document the same behavior that has been predicted to occur in electrons. Their results show that the setup of atoms is a reliable stand-in for studying how electrons would behave in edge states.

"It's a very clean realization of a very beautiful piece of physics, and we can directly demonstrate the importance and reality of this edge," Fletcher says. "A natural direction is to now introduce more obstacles and interactions into the system, where things become more unclear as to what to expect."

This research was supported, in part, by the National Science Foundation.
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Mathematical proof: Five satellites needed for precise navigation | ScienceDaily
As a rule, GPS indicates our location with an accuracy of just a few meters. But we have all experienced situations where the possible error increases to a few hundred meters or the indicated location is simply wrong. One reason for this can be the small number of satellites with line-of-sight contact to the navigation device or unfavorable relative alignment of the satellites.


						
How does GPS work?

GPS satellites are equipped with an extremely accurate atomic clock and know their positions at all times. They continually transmit the time and their location using radio waves. A mobile phone or other navigation device receives these signals from all satellites within their line of sight. The difference between the arrival time at the local clock of the receiver and the transmission time recorded by the satellite clock corresponds to the time taken for the signal to travel from the satellite to the receiver (the "time of flight"). Since radio waves travel at the speed of light, the time of flight determines the distance covered by the signal. The satellite positions and the distances are used to calculate the position of the receiver using a system of equations.

This simplified description does not take into account the fact that the local clock in the receiver is not an atomic clock. If it is inaccurate by just one millionth of a second, the calculated position will be inaccurate by at least 300 meters. The GPS problem is the need for the phone or other navigation device to determine the precise time along with the location -- known in the theory of relativity as space-time.

If too few satellites are in the line of sight, the system no longer functions reliably and delivers multiple solutions, in other words several different locations where the receiver could be. This can lead to the situation where a phone indicates an incorrect location or no location at all. Until now the number of satellites needed to obtain unique solutions to the GPS problem has only been conjectured.

Five satellites for a precise location

Mireille Boutin, a professor of discrete algebra and geometry at TU/e and Gregor Kemper, a professor of algorithmic algebra at TUM, have now produced a mathematical proof showing that with five or more satellites, the exact position of the receiver can be uniquely determined in almost all cases. "Although this was a long-standing conjecture, nobody had managed to find a proof. And it was far from simple: We worked on the problem for over a year before we got there," says Gregor Kemper. At present every location on Earth has sight contact to at least four satellites at all times. "Roughly speaking, with only four satellites, the probability of having a unique solution to the GPS problem appears to be 50 percent. Proving that statement is one of our next projects," says Kemper. With three or fewer satellites in the line of sight, GPS navigation definitely does not work.

Geometry and uniqueness

The researchers arrived at the proof by characterizing the GPS problem in geometric terms. They found out that the position of the receiver cannot be uniquely determined if the satellites are located on a hyperboloid of revolution of two sheets. This is a curved surface that is open in all directions. Although this result is theoretical, it has the practical benefit of offering a better understanding of inaccuracies in determining positions.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240906234103.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New filtration material could remove long-lasting chemicals from water | ScienceDaily
Water contamination by the chemicals used in today's technology is a rapidly growing problem globally. A recent studyby the U.S. Centers for Disease Control found that 98 percent of people tested had detectable levels of PFAS, a family of particularly long-lasting compounds, also known as forever chemicals, in their bloodstream.


						
A new filtration material developed by researchers at MIT might provide a nature-based solution to this stubborn contamination issue. The material, based on natural silk and cellulose, can remove a wide variety of these persistent chemicals as well as heavy metals. And, its antimicrobial properties can help keep the filters from fouling.

The findings are described in the journal ACS Nano, in a paper by MIT postdoc Yilin Zhang, professor of civil and environmental engineering Benedetto Marelli, and four others from MIT.

PFAS chemicals are present in a wide range of products, including cosmetics, food packaging, water-resistant clothing, firefighting foams, and antistick coating for cookware. A recent study identified 57,000 sites contaminated by these chemicals in the U.S. alone. The U.S. Environmental Protection Agency has estimated that PFAS remediation will cost $1.5 billion per year, in order to meet new regulations that call for limiting the compound to less than 7 parts per trillion in drinking water.

Contamination by PFAS and similar compounds "is actually a very big deal, and current solutions may only partially resolve this problem very efficiently or economically," Zhang says. "That's why we came up with this protein and cellulose-based, fully natural solution," he says.

"We came to the project by chance," Marelli notes. The initial technology that made the filtration material possible was developed by his group for a completely unrelated purpose -- as a way to make a labelling system to counter the spread of counterfeit seeds, which are often of inferior quality. His team devised a way of processing silk proteins into uniform nanoscale crystals, or "nanofibrils," through an environmentally benign, water-based drop-casting method at room temperature.

Zhang suggested that their new nanofibrillar material might be effective at filtering contaminants, but initial attempts with the silk nanofibrils alone didn't work. The team decided to try adding another material: cellulose, which is abundantly available and can be obtained from agricultural wood pulp waste. The researchers used a self-assembly method in which the silk fibroin protein is suspended in water and then templated into nanofibrils by inserting "seeds" of cellulose nanocrystals. This causes the previously disordered silk molecules to line up together along the seeds, forming the basis of a hybrid material with distinct new properties.




By integrating cellulose into the silk-based fibrils that could be formed into a thin membrane, and then tuning the electrical charge of the cellulose, the researchers produced a material that was highly effective at removing contaminants in lab tests.

The electrical charge of the cellulose, they found, also gave it strong antimicrobial properties. This is a significant advantage, since one of the primary causes of failure in filtration membranes is fouling by bacteria and fungi. The antimicrobial properties of this material should greatly reduce that fouling issue, the researchers say.

"These materials can really compete with the current standard materials in water filtration when it comes to extracting metal ions and these emerging contaminants, and they can also outperform some of them currently," Marelli says. In lab tests, the materials were able to extract orders of magnitude more of the contaminants from water than the currently used standard materials, activated carbon or granular activated carbon.

While the new work serves as a proof of principle, Marelli says, the team plans to continue working on improving the material, especially in terms of durability and availability of source materials. While the silk proteins used can be available as a byproduct of the silk textile industry, if this material were to be scaled up to address the global needs for water filtration, the supply might be insufficient. Also, alternative protein materials may turn out to perform the same function at lower cost.

Initially, the material would likely be used as a point-of-use filter, something that could be attached to a kitchen faucet, Zhang says. Eventually, it could be scaled up to provide filtration for municipal water supplies, but only after testing demonstrates that this would not pose any risk of introducing any contamination into the water supply. But one big advantage of the material, he says, is that both the silk and the cellulose constituents are considered food-grade substances, so any contamination is unlikely.

"Most of the normal materials available today are focusing on one class of contaminants or solving single problems," Zhang says. "I think we are among the first to address all of these simultaneously."

The research team included MIT postdocs Hui Sun and Meng Li, graduate student Maxwell Kalinowski, and recent graduate Yunteng Cao PhD '22, now a postdoc at Yale. The work was supported by the Office of Naval Research, the National Science Foundation, and the Singapore-MIT Alliance for Research and Technology.
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Engineering researchers discover an effective and environment-friendly disinfectant | ScienceDaily
A widely used disinfectant worldwide, chloroxylenol, has been associated with eco-toxicological threats in water environments due to its relatively high chemical stability and massive consumption. Researchers at the School of Engineering of the Hong Kong University of Science and Technology (HKUST) have discovered a promising alternative known as 2,6-dichlorobenzoquinone (2,6-DCQ), which works more effectively in combating certain common bacteria, fungi and viruses, and can be rapidly degraded and detoxified in receiving waters.


						
This groundbreaking study is led by Prof. ZHANG Xiangru from HKUST's Department of Civil and Environmental Engineering, who has been studying disinfection byproducts (DBPs) for many years. During the pandemic outbreak, Prof. Zhang noticed that chloroxylenol is structurally similar to some halo-phenolic DBPs previously discovered by his team, which have been shown to rapidly degrade by solar photolysis.

Inspired by the structural property and degradability of some halo-phenolic DBPs, the research team managed to select an effective broad-spectrum disinfectant from the DBPs that can be rapidly degraded and detoxified in receiving waters. The research team tested the efficacy of 10 different DBPs in inactivating various pathogens, including E. coli (a type of bacteria associated with colorectal cancer), Staphylococcus aureus (bacteria), Candida albicans (fungi), and bacteriophage MS2 (viruses). They found that 2,6-DCQ was 9 to 22 times more effective than chloroxylenol in inactivating these bacteria, fungi, and viruses.

Furthermore, they found that the developmental toxicity of 2,6-DCQ to marine polychaete embryos decreased quickly due to its rapid degradation via hydrolysis in receiving seawater, even in the absence of sunlight. Two days after being discharged into seawater, 2,6-DCQ exhibited 31 times lower developmental toxicity compared to chloroxylenol.

"We discovered that the selected DBP exhibited substantially stronger antimicrobial efficacy than chloroxylenol and that its concentration and associated developmental toxicity in receiving seawater decreased rapidly, even in darkness," Prof. Zhang said.

He emphasized the pressing need for more effective and eco-friendly disinfectants, particularly in the wake of the COVID-19 pandemic. "Chloroxylenol has been frequently detected in aquatic environments; for instance, its concentration has reached up to 10.6 mg/L in river water in Hong Kong. Toxicological studies have reported adverse effects of chloroxylenol on aquatic organisms, including endocrine disruption, embryonic mortality, and malformations. Chronic exposure to chloroxylenol at environmental concentrations (~4.2 mg/L) can cause gene regulation and morphological changes in rainbow trout."

The team's discovery of 2,6-DCQ as a promising alternative is an important step towards addressing this global need. The results suggest that 2,6-DCQ may be used as a disinfectant on a wide range of occasions, including personal care products (such as hand cleansers, detergent, and soap), paint, textiles, metal working fluids, medical scrubs, as well as sanitation for households, food processing equipment, surgical instruments, and public places.

"This innovative study not only provides a potential solution to better support human biosecurity while prioritizing environmental sustainability, but also carries significant implications for the development of green disinfectants and other green industrial products by exploiting the slightly alkaline nature of seawater. For example, scientists may design and develop other industrial products such as pesticides, pharmaceuticals, and personal care products that can be rapidly degraded by hydrolysis in receiving seawater," Prof. Zhang elaborated.

Their findings have been published in the first-rate multidisciplinary journal Nature Communications. The research team included Dr. HAN Jiarui, currently a Research Assistant Professor at HKUST, and Dr. LI Wanxin, currently an Assistant Professor at Xi'an Jiaotong-Liverpool University. They are both PhD graduates from HKUST's Department of Civil and Environmental Engineering and were postdoctoral fellows in Prof. Zhang's group during the study.

Looking ahead, Prof. Zhang plans to explore the relationships between disinfection efficiency and degradability of halophenols with their molecular fingerprints through machine learning. He hopes future investigations will shed light on the further development of optimal disinfectants.
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AI helps distinguish dark matter from cosmic noise | ScienceDaily
Dark matter is the invisible force holding the universe together -- or so we think. It makes up around 85% of all matter and around 27% of the universe's contents, but since we can't see it directly, we have to study its gravitational effects on galaxies and other cosmic structures. Despite decades of research, the true nature of dark matter remains one of science's most elusive questions.


						
According to a leading theory, dark matter might be a type of particle that barely interacts with anything else, except through gravity. But some scientists believe these particles could occasionally interact with each other, a phenomenon known as self-interaction. Detecting such interactions would offer crucial clues about dark matter's properties.

However, distinguishing the subtle signs of dark matter self-interactions from other cosmic effects, like those caused by active galactic nuclei (AGN) -- the supermassive black holes at the centers of galaxies -- has been a major challenge. AGN feedback can push matter around in ways that are similar to the effects of dark matter, making it difficult to tell the two apart.

In a significant step forward, astronomer David Harvey at EPFL's Laboratory of Astrophysics has developed a deep-learning algorithm that can untangle these complex signals. Their AI-based method is designed to differentiate between the effects of dark matter self-interactions and those of AGN feedback by analyzing images of galaxy clusters -- vast collections of galaxies bound together by gravity. The innovation promises to greatly enhance the precision of dark matter studies.

Harvey trained a Convolutional Neural Network (CNN) -- a type of AI that is particularly good at recognizing patterns in images -- with images from the BAHAMAS-SIDM project, which models galaxy clusters under different dark matter and AGN feedback scenarios. By being fed thousands of simulated galaxy cluster images, the CNN learned to distinguish between the signals caused by dark matter self-interactions and those caused by AGN feedback.

Among the various CNN architectures tested, the most complex -- dubbed "Inception" -- proved to also be the most accurate. The AI was trained on two primary dark matter scenarios, featuring different levels of self-interaction, and validated on additional models, including a more complex, velocity-dependent dark matter model.

Inceptionachieved an impressive accuracy of 80% under ideal conditions, effectively identifying whether galaxy clusters were influenced by self-interacting dark matter or AGN feedback. It maintained is high performance even when the researchers introduced realistic observational noise that mimics the kind of data we expect from future telescopes like Euclid.

What this means is that Inception -- and the AI approach more generally -- could prove incredibly useful for analyzing the massive amounts of data we collect from space. Moreover, the AI's ability to handle unseen data indicates that it's adaptable and reliable, making it a promising tool for future dark matter research.

AI-based approaches like Inception could significantly impact our understanding of what dark matter actually is. As new telescopes gather unprecedented amounts of data, this method will help scientists sift through it quickly and accurately, potentially revealing the true nature of dark matter.
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Astrophysics: AI shines a new light on exoplanets | ScienceDaily
Researchers from LMU, the ORIGINS Excellence Cluster, the Max Planck Institute for Extraterrestrial Physics (MPE), and the ORIGINS Data Science Lab (ODSL) have made an important breakthrough in the analysis of exoplanet atmospheres. Using physics-informed neural networks (PINNs), they have managed to model the complex light scattering in the atmospheres of exoplanets with greater precision than has previously been possible. This method opens up new opportunities for the analysis of exoplanet atmospheres, especially with regard to the influence of clouds, and could significantly improve our understanding of these distant worlds.


						
When distant exoplanets pass in front of their star, they block a small portion of the starlight, while an even smaller portion penetrates the planetary atmosphere. This interaction leads to variations in the light spectrum, which mirror the properties of the atmosphere such as chemical composition, temperature, and cloud cover. To be able to analyze these measured spectra, however, scientists require models that are capable of calculating millions of synthetic spectra in a short time. Only by subsequently comparing the calculated spectra with the measured ones do we obtain information about the atmospheric composition of the observed exoplanets. And what is more, the highly detailed new observations coming from the James Webb Space Telescope (JWST) necessitate equally detailed and complex atmospheric models.

Rapid solving of complex equations thanks to AI

A key aspect of exoplanet research is the light scattering in the atmosphere, particularly the scattering off clouds. Previous models were unable to satisfactorily capture this scattering, which led to inaccuracies in the spectral analysis. Physics-informed neural networks offer a decisive advantage here, as they are capable of efficiently solving complex equations. In the just-published study, the researchers trained two such networks. The first model, which was developed without taking light scattering into account, demonstrated impressive accuracy with relative errors of mostly under one percent. Meanwhile, the second model incorporated approximations of so-called Rayleigh scattering -- the same effect that makes the sky seem blue on Earth. Although these approximations require further improvement, the neural network was able to solve the complex equation, which represents an important advance.

Interdisciplinary collaboration

These new findings were possible thanks to a unique interdisciplinary collaboration between physicists from LMU Munich, the ORIGINS Excellence Cluster, the Max Planck Institute for Extraterrestrial Physics (MPE) and the ORIGINS Data Science Lab (ODSL), which is specialized in the development of new AI-based methods in physics. "This synergy not only advances exoplanet research, but also opens up new horizons for the development of AI-based methods in physics," explains lead author of the study David Dahlbudding from LMU. "We want to further expand our interdisciplinary collaboration in the future to simulate the scattering of light off clouds with greater precision and thus make full use of the potential of neural networks."
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Researchers create a one-dimensional gas out of light | ScienceDaily
Physicists at the University of Bonn and the University of Kaiserslautern-Landau (RPTU) have created a one-dimensional gas out of light. This has enabled them to test theoretical predictions about the transition into this exotic state of matter for the first time. The method used in the experiment by the researchers could be used for examining quantum effects. The results have been published in the journal "Nature Physics."


						
Imagine you are standing at a swimming pool and come up with the idea of filling it with even more water. You grab a garden hose and use it to generate a jet of water that curves in a high arc to fall onto the surface of the pool. The water level increases briefly at the point where the jet of water hits the pool but this change in water level is only minimal because the falling water is quickly distributed across the entire expanse of water.

The effect is different, however, if you fill up a gutter with your jet of water. The jet creates a wave of water at the point where you aim the hose. This is because the walls of the gutter ensure that the water cannot flow out across a surface but can only be distributed in the direction of the gutter. The narrower the gutter, the higher the amplitude of the wave and thus the "more one-dimensional" it becomes.

Physicists from the Institute of Applied Physics (IAP) at the University of Bonn in cooperation with colleagues at the RPTU have now investigated whether similar effects of dimensionality can also be achieved with gases made out of light particles. "To create these types of gases, we need to concentrate lots of photons in a confined space and cool them simultaneously," explains Dr. Frank Vewinger from the IAP, who is also a member of the transdisciplinary research area "Matter" at the University of Bonn.

Microscopically small gutters

In their experiment, the researchers filled a tiny container with a dye solution and excited it using a laser. The resulting photons bounced back and forth between the reflective walls of the container. Whenever they collided with a dye molecule, they were cooled until ultimately the photon gas condensed.

The dimensionality of the gas can be influenced by modifying the surface of the reflective surfaces. The researchers at the IAP cooperated with the research group headed by Prof. Dr. Georg von Freymann from the RPTU on this study. A high-resolution structuring method was adapted so that it could be applied to the reflective surfaces of the photon container for this experiment. "We were able to apply a transparent polymer to the reflective surfaces to create microscopically small protrusions," explains Julian Schulz from the RPTU. "These protrusions allow us to trap the photons in one or two dimensions and condense them."

"These polymers act like a type of gutter, but in this case for light," says Kirankumar Karkihalli Umesh, lead author of the study. "The narrower this gutter is, the more one-dimensionally the gas behaves."




Thermal fluctuations smear out the condensation point

In two dimensions, there is a precise temperature limit at which condensation occurs -- similar to how water freezes at precisely zero degrees Celsius. Physicists call this a phase transition. "However, things are a little different when we create a one-dimensional gas instead of a two-dimensional one," says Vewinger. "So-called thermal fluctuations take place in photon gases but they are so small in two dimensions that they have no real impact. However, in one dimension these fluctuations can -- figuratively speaking -- make big waves."

These fluctuations destroy the order of one-dimensional systems so that different regions within the gas no longer behave the same. As a result, the phase transition, which is still precisely defined in two dimensions, becomes increasingly "smeared out" the more one-dimensional the system becomes. However, its properties are still governed by quantum physics, as in the case of two-dimensional gases, and these types of gas are called degenerate quantum gases. It is as if water were to turn into a form of icy water at low temperatures without ever completely freezing when cooling down. "We have now been able to investigate this behavior at the transition from a two-dimensional to a one-dimensional photon gas for the first time," explains Vewinger.

The research groups were able to demonstrate that one-dimensional photon gases do not actually have a precise condensation point. By making tiny changes to the polymer structures, it will now be possible to investigate phenomena that occur at the transition between different dimensionalities in great detail. This is still considered basic research at the moment but it is possible that it could open up new areas of application for quantum optical effects.

Participating institutes and funding:

The following institutions participated in the study: the IAP at the University of Bonn, the Fraunhofer Institute for Industrial Mathematics (ITWM) in Kaiserslautern and the University of Kaiserslautern-Landau (RPTU). The study was funded by the European Research Council (ERC) of the European Union and the German Research Foundation (DFG) as part of Collaborative Research Centre TRR 185.
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Researchers advance new class of quantum critical metal that could advance electronic devices | ScienceDaily
A new study led by Rice University's Qimiao Si has unveiled a new class of quantum critical metal, shedding light on the intricate interactions of electrons within quantum materials. Published in  Physical Review Letters on Sept. 6, the research explores the effects of Kondo coupling and chiral spin liquids within specific lattice structures.


						
"The insights gained from this discovery could lead to the development of electronic devices with extreme sensitivity, driven by the unique properties of quantum-critical systems," said Si, the Harry C. and Olga K. Wiess Professor of Physics and Astronomy and director of Rice's Extreme Quantum Materials Alliance.

Quantum phase transitions

At the core of this research is the concept of quantum phase transitions. Just as water changes between solid, liquid and gas states, electrons in quantum materials can shift between different phases as their environment changes. But unlike water, these electrons follow the rules of quantum mechanics, leading to much more complex behaviors.

Quantum mechanics introduce two key effects: quantum fluctuations and electronic topology. Even at absolute zero where thermal fluctuations disappear, quantum fluctuations can still cause changes in the organization of electrons, leading to quantum phase transitions. These transitions often result in extreme physical properties known as quantum criticality.

Moreover, quantum mechanics give electrons a unique property tied to topology, a mathematical concept that when applied to electronic states can produce unusual and potentially useful behaviors.

The study was carried out by Si's group in a long-term collaboration with Silke Paschen, study co-author and a professor of physics at the Vienna University of Technology, and her research team. Together they developed a theoretical model to explore these quantum effects.




The theoretical model

The researchers consideredtwo types of electrons: some moving slowly, like cars stuck in traffic, and others moving quickly in a fast lane. Although the slow-moving electrons appear stationary, their spins can point in any direction.

"Ordinarily, these spins would form an orderly pattern, but the lattice they inhabit in our model doesn't allow for such neatness, leading to geometrical frustration," Si said.

Instead, the spins form a more fluid arrangement known as a quantum spin liquid, which is chiral and picks a direction in time. When this spin liquid couples with the fast-moving electrons, it has a topological effect.

The research team discovered that this coupling also triggers a transition into a Kondo phase, where the spins of the slow electrons lock onto the fast ones. The study reveals the complex interplay between electronic topology and quantum phase transitions.

Usual electrical transport

As electrons move through these transitions, their behavior changes dramatically, particularly in how they conduct electricity.




One of the most significant findings is about the Hall effect, which describes how an electrical current bends under the influence of an external magnetic field, Paschen said.

"The Hall effect contains a component that is enabled by the electronic topology," she said. "We show that this effect experiences a sudden jump across the quantum critical point."

Implications for future technology

This discovery advances our understanding of quantum materials and opens up new possibilities for future technology. An important part of the research team's finding is that the Hall effect responds drastically to the quantum phase transition, Si said.

"Thanks to the topology, this response happens in a minute magnetic field," he said.

The unusual properties could lead to the development of new types of electronic devices such as sensors with extreme sensitivity that could revolutionize fields like medical diagnostics or environmental monitoring.

Co-authors of the study include Wenxin Ding of Anhui University in China, a former postdoctoral fellow in Si's group at Rice, and Rice alumna Sarah Grefe '17 of California State University.

The research was supported by the U.S. National Science Foundation, the Air Force Office of Scientific Research, the Robert A. Welch Foundation and a Vannevar Bush Faculty Fellowship.
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Global experts help nanomedicines deliver on healthcare promise | ScienceDaily
They're tiny drug-delivery systems 1000 times smaller than a human hair, but while nanomedicines have long been hailed as the future for treating debilitating and life-threatening diseases, their journey from lab to patient has many challenges.


						
Now, new findings from a global team of expert scientists in academia and industry has generated world-first research quality standards that will help slash costs and reduce the time it takes to develop advanced nanomedicine treatments and make them available for patients.

Published in Nature Nanotechnology today, and led by the University of South Australia's Dr Paul Joyce and the University of Groningen's Prof Helder Santos, the DELIVER guidelines present early-stage recommendations for nanomedicine development during design, experiment, manufacturing, preclinical, clinical, regulatory, and business phases, so as to maximise the chance of clinical translation.

UniSA researcher, Dr Paul Joyce, says that recent successes in chemotherapy and vaccine-based nanomedicines could redefine what's possible in-patient care.

"We only need to think of the recent COVID-19 pandemic to realise the acute value of nanomedicines: more than two thirds of the global population received an mRNA vaccine to immunise against coronavirus, which was made possible by lipid nanoparticles," Dr Joyce says.

"But while nanomedicines clearly represent a paradigm shift in healthcare, few have been translated to the clinic in relation to the amount of research that has been undertaken, and this has to change.

"Our research steps out the core principles that must be met to ensure nanomedicines can successfully overcome translational hurdles, helping researchers, clinicians, and regulatory bodies better manoeuvre through key steps and processes to avoid delays and enable faster clinical delivery.

"Adherence to this framework could see a boom in the successful development of new nanomedicines for a range of diseases, setting the stage for a new era of medical innovation."

Prof Helder Santos says that the new framework will transform the clinical delivery of nanomedicine.

"By addressing the key hurdles early on, the DELIVER approach can lead to the next generation of personalised therapies that are tailored to individual patients, offering new hope to those desperately in need."
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Shining light on how solar power and farming can coexist | ScienceDaily
Scientists from Swansea University have developed a new tool to help identify optimal photovoltaic (PV) materials capable of maximising crop growth while generating solar power.


						
In a recent study published in Solar RRL, academics from the University's Department of Physics have been exploring the effect of semi-transparent PV materials placed over crops -- an exemplary application of agrivoltaics (solar panels combined with agricultural settings).

As part of this work, the team has developed an innovative freeware tool that predicts the light transmission, absorption, and power generation of different PV materials nearly anywhere on the globe using geographical, physical, and electrical measurements.

Austin Kay, lead author of the study and a PhD candidate at Swansea University, said: "This technology, which allows us to compare many types of PV material, could help us determine how we balance food production and renewable energy generation."

A key factor for optimising agrivoltaics is selecting the appropriate PV material, which requires an understanding of how the material absorbs different wavelengths (colours) of light, as well as its bandgap. A wider bandgap means the material can absorb light that is higher-energy and has a shorter wavelength (blue), while a narrower bandgap allows the absorption of lower-energy, longer wavelength (red) light.

By carefully selecting PV materials with specific bandgaps and absorption properties, researchers can fine-tune the 'colour' of light transmitted through semi-transparent PVs to hit the crops, which mainly absorb red and blue light to photosynthesise, reflecting green light.

Project lead, Associate Professor Ardalan Armin, said: "By optimising the combination of solar panels and agriculture, agrivoltaics has the potential to significantly contribute to the decarbonisation of the agricultural sector. This approach not only generates clean energy but also enhances food security."

Solar panels or PVs can be introduced into agricultural settings in many ways to provide locally generated power with minimal effect on a farm's output. They can be attached to the roofs of greenhouses or polytunnels and can also be used to provide shelter for livestock. In return, the livestock can reduce maintenance costs by eating vegetation around the panels. However, careful consideration of the type of livestock is crucial as some species, like goats, can jump onto the PVs and cause irreversible damage.
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Massive merger: Study reveals evidence for origin of supermassive black hole at galaxy's center | ScienceDaily
The origins of aptly named supermassive black holes -- which can weigh in at more than a million times the mass of the sun and reside in the center of most galaxies -- remain one of the great mysteries of the cosmos.


						
Now, researchers from the Nevada Center for Astrophysics at UNLV (NCfA) have discovered compelling evidence suggesting that the supermassive black hole at the center of our Milky Way galaxy, known as Sagittarius A* (Sgr A*), is likely the result of a past cosmic merger.

The study, published Sept. 6 in the journal Nature Astronomy, builds on recent observations from the Event Horizon Telescope (EHT), which captured the first direct image of Sgr A* in 2022. The EHT, the result of a global research collaboration, syncs data from eight existing radio observatories worldwide to create a massive, Earth-sized virtual telescope.

UNLV astrophysicists Yihan Wang and Bing Zhang utilized the data from the EHT observation of Sgr A* to look for evidence on how it may have formed. Supermassive black holes are thought to grow either by the accretion of matter over time, or by the merger of two existing black holes.

The UNLV team investigated various growth models to understand the peculiar rapid spin and misalignment of Sgr A* relative to the Milky Way's angular momentum. The team demonstrated that these unusual characteristics are best explained by a major merger event involving Sgr A* and another supermassive black hole, likely from a satellite galaxy.

"This discovery paves the way for our understanding of how supermassive black holes grow and evolve," said Wang, the lead author of the study and an NCfA postdoctoral fellow at UNLV. "The misaligned high spin of Sgr A* indicates that it may have merged with another black hole, dramatically altering its amplitude and orientation of spin."

Using sophisticated simulations, the researchers modeled the impact of a merger, considering various scenarios that align with the observed spin properties of Sgr A*. Their results indicate that a 4:1 mass ratio merger with a highly inclined orbital configuration could reproduce the spin properties observed by the EHT.

"This merger likely occurred around 9 billion years ago, following the Milky Way's merger with the Gaia-Enceladus galaxy," said Zhang, a distinguished professor of physics and astronomy at UNLV and the founding director of the NCfA. "This event not only provides evidence of the hierarchical black hole merger theory but also provides insights into the dynamical history of our galaxy."

Sgr A* sits at the center of the galaxy more than 27,000 light years away from Earth, and sophisticated tools like the EHT provide direct imaging that helps scientists put predictive theories to the test.

Researchers say that the findings from the study will have significant implications for future observations with upcoming space-borne gravitational wave detectors, such as the Laser Interferometer Space Antenna (LISA), which is planned to launch in 2035 and is expected to detect similar supermassive black hole mergers across the universe.
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Groundwater use can be accurately monitored with satellites using OPENet | ScienceDaily
Drought is a widespread concern in the Western U.S., and water managers across the region are developing groundwater management plans to conserve the essential resource. Groundwater is often pumped to the surface to irrigate crops, and meters that measure the flow of pumped water have historically offered the best information on groundwater use. These meters are rare, however, so DRI scientists set out to determine whether OpenET, a platform that measures evapotranspiration using satellite data, could help fill this information gap.


						
The new study, published August 8th in a special issue of Agricultural Water Management, compared groundwater meter data with OpenET estimates for agricultural fields in Nevada and Oregon. The results demonstrate that OpenET can be used to accurately estimate the amount of groundwater used for crop irrigation at the level of individual fields. This is the first research to follow water from a groundwater well to a single field of crops, assess how much of that water the crops consumed, and provide insights into irrigation efficiencies at the same time. The method can inform water use for groundwater management planning across the country.

"We knew where the water was drawn from and where it was being applied, and we showed that the satellite data could tell us how much crop water use and pumping occurred for individual fields," said Thomas Ott, assistant research scientist of hydrology at DRI and a lead author of the study. Access to detailed meter data is rare, Ott adds, so past studies focused on broader regions and couldn't assess water use at the level of individual fields.

Evapotranspiration refers to the combined processes of evaporation and transpiration, or the return of water to the atmosphere from Earth's surface and through plant photosynthesis. OpenET uses data from NASA and U.S. Geological Survey Landsat satellites combined with weather variables like humidity, air temperature, and solar radiation to estimate evapotranspiration for landscapes around the world.

The study centered on two agricultural regions with irrigation water flow meters that could be compared to the OpenET data: Diamond Valley, Nevada and Harney Basin, Oregon. Both regions have thousands of acres of irrigated alfalfa and hay and rely heavily on groundwater. In Diamond Valley, there was a 7% difference between the metered data and the OpenET estimates for water use, while Harney Basin showed a lower accuracy rate at a 17% difference. The researchers wanted to examine how the OpenET results would perform across different irrigation systems, with Diamond Valley relying on center-pivot sprinklers and Harney Basin utilizing a mix of flood irrigation and sprinklers.

"Our study shows that OpenET can really advance our understanding of agricultural water use, especially in basins without monitoring in place," Ott says. "Traditional methods often use an estimate of the maximum water use for a typical healthy field in a typical year, but lots of factors can bring that number down. Using satellite data gives a more realistic value."

In fact, by comparing the metered data and OpenET estimates, the study found that assumed values for water use in Diamond Valley were far higher than the amount of water actually used, says Sayantan "Monty" Majumdar, assistant research professor of hydrologic sciences and remote sensing at DRI and a lead author on the study. With information about the total amount of groundwater pumped to a field and the OpenET estimate of water used by the crop, the researchers also found that water use in the two study areas was highly efficient, with 90% of irrigation water used by the crop in Diamond Valley, compared to 83% in Harney Basin.

Ott, Majumdar, and the rest of the DRI OpenET team plan to expand this research to quantify the amount of water used in agriculture across Nevada as part of the Nevada Water Initiative. Nevada is the driest state in the nation and currently relies on estimates of water availability and use that are decades old, and the initiative will utilize advances in research methods and technology to provide a more robust assessment for informing water management moving forward. The project is a collaboration between DRI, the Nevada Division of Water Resources, and the USGS Nevada Water Science Center, as well as agricultural stakeholders across the state.

"The stakeholder engagement for this work is so important," Ott says. "Having grown up on a dairy farm myself, it was amazing to go into different parts of Nevada and see how the farmers work. One farmer graciously hosted me for a month while I was doing field surveys of meters and irrigation systems, and building those relationships is really important for our future work."
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Using 3D imaging to transform plastic waste recycling | ScienceDaily
In a global first, University of Waterloo researchers have used 3D imaging technology to understand the fine details of microplastics, paving the way for more effective methods of plastic waste recycling.


						
Micro and nanoplastics, tiny particles of plastic that come from the breakdown of larger plastic items, have become an exponentially worsening environmental crisis. Due to their difficulties in safely decomposing, plastic pollution poses significant threats to ecosystems, wildlife and human health.

Scientists have struggled to understand the exact process of how these micro and nanoplastics degrade, particularly at the micro and nanoscale, which has hampered efforts to mitigate their environmental impact. Observing and understanding how the fine details of microplastics function and how they break down are key to eradicating them from our environment.

In collaboration with the National Research Council (NRC), researchers leveraged 3D imaging technology inaddition to traditional 2D microscopy, allowing them to observe the degradation of micro and nanoplastics with unprecedented detail.

"Most microscope images provide a two-dimensional view, similar to a medical X-ray, which gives us some information but lacks depth," said William Anderson, a professor in Waterloo's Department of Chemical Engineering.

"However, 3D imaging is like a CT scan, offering far more detailed insights into the structure and degradation of microplastics. This level of detail has been incredibly challenging to achieve, but it's crucial for understanding what is happening at the surface of micro and nanoplastics and how degradation processes work."

The research group used a novel combination of physical and biological approaches to obtain their new visual data. They utilized a photocatalytic process, which treated micro and nanoplastics with UV light and a titanium oxide catalyst. As a result, the team could observe and analyze the degradation at a microscopic level.




"Using this methodology reveals not just that degradation is happening, but exactly how and where it's occurring on the surface of micro and nanoplastics, said chemical engineering professor Boxin Zhao, a University of Waterloo Endowed Chair in Nanotechnology. "This knowledge is crucial for developing more effective methods of breaking down plastics on the micro and nanoscales."

Anderson and Zhao, in collaboration with researchers from the Department of Chemical Engineering and the Department of Biology at Waterloo, are developing biocycling methods where microplastics could be used as a carbon source for bacteria. These bacteria would ingest microplastics and then excrete an environmentally friendly biopolymer that could be used to create new materials like plastic bags or packaging films.

This study has broader implications for Waterloo's research team, which is now forming a multidisciplinary plastics biocycling research initiative.

The collaboration underscores the importance of bringing together different fields of expertise to tackle complex environmental challenges. This research offers valuable insights that could pave the way for more effective methods of plastic waste recycling and contribute to a circular economy.
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Gravitational waves unveil previously unseen properties of neutron stars | ScienceDaily
A better understanding of the inner workings of neutron stars will lead to a greater knowledge of the dynamics that underpin the workings of the universe and also could help drive future technology, said the University of Illinois Urbana-Champaign physics professor Nicolas Yunes. A new study led by Yunes details how new insights into how dissipative tidal forces within double -- or binary -- neutron star systems will inform our understanding of the universe.


						
"Neutron stars are the collapsed cores of stars and densest stable material objects in the universe, much denser and colder than conditions that particle colliders can even create," said Yunes, who also is the founding director of the Illinois Center for Advanced Studies of the Universe. "The mere existence of neutron stars tells us that there are unseen properties related to astrophysics, gravitational physics and nuclear physics that play a critical role in the inner workings of our universe."

However, many of these previously unseen properties became observable with the discovery of gravitational waves.

"The properties of neutron stars imprint onto the gravitational waves they emit. These waves then travel millions of light-years through space to detectors on Earth, like the advanced European Laser Interferometer Gravitational-Wave Observatory and the Virgo Collaboration," Yunes said. "By detecting and analyzing the waves, we can infer the properties of neutron stars and learn about their internal composition and the physics at play in their extreme environments."

As a gravitational physicist, Yunes was interested in determining how gravitational waves encode information about the tidal forces that distort the shape of neutron stars and affect their orbital motion. This information also could tell physicists more about the dynamic material properties of the stars, such as internal friction or viscosity, "which might give us insight into out-of-equilibrium physical processes that result in the net transfer of energy into or out of a system," Yunes said.

Using data from the gravitational wave event identified as GW170817, Yunes, along with Illinois researchers Justin Ripley, Abhishek Hegade and Rohit Chandramouli, used computer simulations, analytical models and sophisticated data analysis algorithms to verify that out-of-equilibrium tidal forces within binary neutron star systems are detectable via gravitational waves. The GW170817 event was not loud enough to yield a direct measurement of viscosity, but Yunes' team was able to place the first observational constraints on how large viscosity can be inside neutron stars.

The study findings are published in the journal Nature Astronomy.

"This is an important advance, particularly for ICASU and the U. of I.," Yunes said. "In the '70s, '80s and '90s, Illinois pioneered many of the leading theories behind nuclear physics, particularly those connected to neutron stars. This legacy can continue with access to data from the advanced LIGO and Virgo detectors, the collaborations made possible through ICASU and the decades of nuclear physics expertise already in place here."

The University of Illinois Graduate College Dissertation Completion Fellowship and the National Science Foundation supported this study.
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        One of world's fastest ocean currents is remarkably stable, study finds
        Scientists found that the strength of the Florida Current, the beginning of the Gulf Stream system and a key component of the global Atlantic Meridional Overturning Circulation, or AMOC, has remained stable for the past four decades.

      

      
        Path to prosperity for planet and people if Earth's critical resources are better shared
        Earth will only remain able to provide even a basic standard of living for everyone in the future if economic systems and technologies are dramatically transformed and critical resources are more fairly used, managed and shared, according to an international research team.

      

      
        Avian flu found in wastewater of 10 Texas cities through virome sequencing
        Avian influenza A(H5N1) virus, which spread to cattle and infected 14 people this year, was detected using virome sequencing in the wastewater of 10 Texas cities.

      

      
        New map shows where landslides are most likely to occur in U.S.
        Landslides are a common hazard in the US. In fact, nearly 44% of the country could experience one, potentially catastrophically. Our new national landslide susceptibility map shows where they're most likely to happen.

      

      
        Biogeochemists make recommendations for tackling 'hidden' phosphorus
        As the world tries to mitigate agriculture's effect on the environment, much of the story can be found in the soils, which stores and cycles nutrient elements of carbon, nitrogen, and phosphorus. Biogeochemist are set to find answers, but, the challenge is first being able to accurately measure where phosphorus has accumulated in the <100 years since humans began to increase the amount of the nutrient element in the biosphere.

      

      
        Self-medicating gorillas and traditional healers provide clues for new drug discovery
        Four plants consumed by wild gorillas in Gabon and used by local communities in traditional medicine show antibacterial and antioxidant properties, researchers report.

      

      
        Newly discovered antimicrobial could prevent or treat cholera
        Researchers identified the first known microcin, a group of naturally produced antimicrobials, that targets the strains of bacteria that cause cholera.

      

      
        The Neanderthals may have become extinct because of their isolated lifestyle
        Neanderthal remains recently discovered in a cave in France support well-known theory of why the Neanderthals became extinct, researchers behind a new study say.

      

      
        Mirror, mirror, in my tank, who's the biggest fish of all?
        Researchers have demonstrated that bluestreak cleaner wrasse (Labroides dimidiatus) checked their body size in a mirror before choosing whether to attack fish that were slightly larger or smaller than themselves, saying it was the first time for a non-human animal to be demonstrated to possess some mental states that are elements of private self-awareness.

      

      
        Scientists expand the genetic alphabet to create new proteins
        It's a dogma taught in every introductory biology class: Proteins are composed of combinations of 20 different amino acids, arranged into diverse sequences like words. But researchers trying to engineer biologic molecules with new functions have long felt limited by those 20 basic building blocks and strived to develop ways of putting new building blocks -- called non-canonical amino acids -- into their proteins. Now, scientists have designed a new paradigm for easily adding non-canonical amino a...

      

      
        Breakthrough research sheds light on the hidden effects of stress on sperm
        A new study reveals that stress-induced changes in sperm motility occur after a stressful event, rather than during it and improves sperm performance. The discovery is essential in understanding how stress impacts the reproductive process to improve fetal development outcomes.

      

      
        Advancing power grounding systems: A novel predictive model for soil resistivity
        For the design of reliable power grounding systems for critical electrical infrastructure, soil resistivity investigation is crucial. However, soil resistivity depends on various geotechnical properties, necessitating the need for robust assessment methods. In a new study, researchers conducted a comprehensive investigation into the behavior and relationships between soil resistivity and key geotechnical parameters and developed a predictive model based on their findings. This model can lead to c...

      

      
        Carbohydrate polymers could be a sweet solution for water purification
        Water polluted with heavy metals can pose a threat when consumed by humans and aquatic life. Sugar-derived polymers from plants remove these metals but often require other substances to adjust their stability or solubility in water. Now, researchers report a sugar-like polymer that traps heavy metals within insoluble clumps for easy removal. In proof-of-concept tests, the polymer removed ionic cadmium and lead from river water spiked with these persistent contaminants.

      

      
        Microorganisms can travel long distances in the troposphere
        Analysis of air samples taken at altitudes of up to 3,000 meters above Japan has revealed the presence of a vast range of viable bacteria and fungi transported by air masses originating more than 2,000 kilometers away, in regions enriched with fertilizers and pesticides. The study reveals a new way in which human, animal and plant pathogens may travel to distant geographical regions.

      

      
        Risky play exercises an ancestral need to push limits
        Since their invention in the 1920s, jungle gyms and monkey bars have become both fixtures of playgrounds and symbols of childhood injury that anxious caretakers want removed. Anthropologists mark 100 years of the iconic playground equipment by arguing that risky play exercises a biological need passed on from apes and early humans for children to independently test and expand their physical and cognitive abilities in a context in which injury is possible but avoidable.

      

      
        Summer storms are stronger and more frequent over urban areas
        Summer storms are generally more frequent, intense and concentrated over cities than over rural areas, according to new, detailed observations of eight cities and their surroundings. The results could change how city planners prepare for floods in their cities, especially as urban areas expand and as climate change alters global weather patterns.

      

      
        Flightless parrot in New Zealand developed different feather colors to evade predatory birds
        Aotearoa New Zealand's flightless parrot, the k k p , evolved two different color types to potentially help them avoid detection by a now-extinct apex predator, researchers report.

      

      
        An antidiabetic helps the immune system recognize reservoirs of HIV
        Metformin, a drug used to treat type 2 diabetes, could help deplete the viral reservoir and eliminate it entirely in people living with HIV who receive antiretroviral therapy.

      

      
        Due to humans, Salish Sea waters are too noisy for resident orcas to hunt successfully
        New research has revealed how underwater noise produced by humans may help explain why southern resident orca populations have not recovered from historic lows. The team reports that underwater noise pollution -- from both large and small vessels -- forces northern and southern resident orcas to expend more time and energy hunting for fish. The din also lowers the overall success of their hunting efforts. Noise from ships likely has an outsized impact on southern resident orca pods, which spend m...

      

      
        Like father, like daughter
        When they become fathers, men who have an unhealthy, high-cholesterol diet can cause increased risk of cardiovascular disease, or CVD, in their daughters, a mouse study has found.

      

      
        Surprising hormone-related gene activity discovered in the early larval stage of the Malabar grouper
        Researchers have highlighted patterns of gene activation during Malabar grouper larval development, revealing an unusual early peak of activation of thyroid and corticoid genes during the early larval stage of these fish. Their paper shows that thyroid and corticoid genes are activated twice during larval development, once during the early larval stage and once during metamorphosis. This early activation has never been encountered in any fish species before, making the grouper case unique.

      

      
        Promoting horse welfare with an intestinal disease screening method
        Researchers are developing a promising method to support the diagnosis of inflammatory bowel diseases (IBD) in horses. Awareness of the prevalence of IBD in both humans and animals has increased in recent decades, and the need for effective and affordable diagnostic methods has become increasingly urgent.

      

      
        Methane emissions are rising faster than ever
        Methane concentrations in Earth's atmosphere increased at record speed over the past five years. At least two-thirds of annual methane emissions now come from human activities, including fossil fuel use, agriculture, and landfills and other waste.

      

      
        Developing bacteria to produce PET-like materials
        A research team developed a microbial strain that efficiently produces aromatic polyester using systems metabolic engineering.

      

      
        Innovative research unveils news path to ethanol production from CO2
        Researchers have introduced a novel method for converting the greenhouse gas carbon dioxide (CO2) into ethanol, a sustainable fuel. This significant advancement could pave the way for more environmentally friendly and economically viable alternatives to fossil fuels.

      

      
        Researchers identify new tools for anti-Acinetobacter drug development and AMR preparedness
        Researchers have engineered a library of strains that can be used to develop new antibacterial compounds to help address antimicrobial resistance (AMR) in Acinetobacter baumannii bacteria.

      

      
        Novel bone cancer therapy has 99% success rate, tests show
        Bioactive glasses, a filling material which can bond to tissue and improve the strength of bones and teeth, has been combined with gallium to create a potential treatment for bone cancer. Tests in labs have found that bioactive glasses doped with the metal have a 99 percent success rate of eliminating cancerous cells and can even regenerate diseased bones.

      

      
        Towards a better understanding of epigenetics and dynamic gene silencing and reactivation
        Epigenetics, the dynamic regulation of genetic expression, involves complex molecular mechanisms. While the process of gene silencing by methylating the H3K27 position in histones is understood, not much is known about how to turn on the silenced gene. To this end, researchers recently investigated the epigenetic behavior of a model plant organism. Their findings reveal a highly conserved family of proteins responsible for dynamic gene activation and de-activation, bolstering our knowledge of epi...

      

      
        Study identifies areas of Europe at risk from dengue fever due to spread of Asian tiger mosquito
        As Europe grapples with the growing threat of tropical diseases brought by the Asian tiger mosquito, new research is enabling scientists to accurately predict towns across the continent where there is a high risk of dengue fever.

      

      
        Researchers develop innovative method to simplify manufacturing process of cellular ceramics
        A study has developed an innovative method that overcomes the limitations of traditional additive manufacturing (3D printing), significantly simplifying and accelerating the production of geometrically complex cellular ceramics. This groundbreaking approach has the potential to revolutionize the design and processing of multifarious ceramic materials, opening up new possibilities for new applications in energy, electronics, and biomedicine, including robotics, solar cells, sensors, battery electr...

      

      
        What's really 'fueling' harmful algae in Florida's lake Okeechobee?
        Historically, Lake Okeechobee was thought to be impaired only by phosphorus, focusing efforts on reducing agricultural runoff. However, new comprehensive sampling across the Lake Okeechobee Waterway and its connected estuaries shows that toxic algal blooms also are driven by rising nitrogen levels from human waste and urban runoff. Increased nitrogen, worsened by extreme rainfall, significantly fuels bloom severity. Findings underscore the need for integrated nutrient management and improved wast...

      

      
        Deserts' biggest threat? Flooding
        A new study has found that the increase in soil erosion in coastal areas due to desertification is worsening flood impacts on Middle Eastern and North African port cities. The researchers focused their observations on the devastating 2023 floods in the city of Derna, Libya, which took the lives of more than 11,300 people and showed how the increase in soil erosion significantly contributed to the catastrophic toll of these unusual desert floods. The research was published almost a year after the ...

      

      
        Grim statistics on koala survival odds
        Records of koala admissions to veterinary hospitals in South East Queensland shows euthanasia was the most common outcome.

      

      
        Framing climate action as patriotic and status-quo friendly increases liberals' and conservatives' belief in climate change
        A new psychology study shows that framing the need to address climate change as patriotic and as necessary to preserve the American 'way of life' can increase belief in climate change and support for pro-environmental policies among both groups.

      

      
        Iron was life's 'primeval' metal
        Every living organism uses tiny quantities of metals to carry out biological functions, including breathing, transcribing DNA, turning food into energy, or any number of essential life processes.

      

      
        Cattle raised by Maasai farmers aren't the conservation villains they've been made out to be, study finds
        A new study has found the pastoral practices of the Indigenous Maasai people of Kenya had almost no discernible positive or negative effect on the ecological well-being of the Maasai Mara National Reserve.

      

      
        Green hydrogen: MXenes shows talent as catalyst for oxygen evolution
        The MXene class of materials has many talents. An international team has now demonstrated that MXenes, properly functionalized, are excellent catalysts for the oxygen evolution reaction in electrolytic water splitting. They are more stable and efficient than the best metal oxide catalysts currently available. The team is now extensively characterizing these MXene catalysts for water splitting at the Berlin X-ray source BESSY II and Soleil Synchrotron in France.

      

      
        New research illuminates the impact of surface properties on bacteria movement
        Scientists are studying how bacteria move across surfaces -- a process known as twitching motility. New findings led to the surprising discovery of the key role surface properties play in either enabling or preventing this movement.

      

      
        Giant fanged frog went unrecognized in Philippines because it was nearly identical to even larger species
        Researchers published findings describing a new species of fanged frog, named Limnonectes cassiopeia, from the Philippine island of Luzon.

      

      
        With AI, extreme microbe reveals how life's building blocks adapt to high pressure
        An assist from a Google Artificial Intelligence tool has helped scientists discover how the proteins of a heat-loving microbe respond to the crushing conditions of the planet's deepest ocean trenches, offering new insights into how these building blocks of life might have evolved under early Earth conditions.

      

      
        Now live: Living cells can be seen with infrared light
        Scientists captured clear images of biomolecules in single live cells in water for the first time using infrared (IR) transmission imaging. The IR technique enables researchers to measure the mass of biomolecules such as proteins in a cell. Using simple components, the method has the potential to speed up advances in biomanufacturing, cell therapy development and drug development.

      

      
        AI can slash indoor farming energy use
        Integrating artificial intelligence into today's environmental control systems could reduce energy consumption for indoor agriculture by 25% -- potentially helping to feed the world as its population rises, engineers have found.

      

      
        New research sinks an old theory for the doldrums, a low-wind equatorial region that stranded sailors for centuries
        During the Age of Sail, sailors riding the trade winds past the equator dreaded becoming stranded in the doldrums, a meteorologically distinct region in the deep tropics. For at least a century, scientists have thought that the doldrums' lack of wind was caused by converging and rising air masses. Now, new research suggests that the opposite may be true.

      

      
        Diagnostic tool identifies puzzling inflammatory diseases in kids
        RNA is expelled from cells via cell death or active release, and can then find its way into blood plasma. Medical researchers have now developed machine learning models that use these cell-free molecular RNA dregs to diagnose pediatric inflammatory conditions that are difficult to differentiate. The diagnostic tool can accurately determine if a patient has Kawasaki disease (KD), Multisystem Inflammatory Syndrome in Children (MIS-C), a viral infection or a bacterial infection, while simultaneously...

      

      
        Air pollution exposure in infancy may limit economic mobility in adulthood
        Higher exposure to fine particulate air pollution (PM2.5) during infancy was associated with lower economic earnings in adulthood, according to a new study. The association was most pronounced in the midwestern and southern U.S.

      

      
        Global study shows that most cities receive more rainfall than surrounding rural areas
        Researchers looked for evidence of precipitation anomalies in 1,056 cities across the globe and found that more than 60% of those cities receive more precipitation than their surrounding rural areas. This could have wide-ranging implications, the most serious of which is worsened flash flooding in densely built urban areas.

      

      
        Growing key biomethane crop on peat emits 3 times more CO2 than using natural gas
        There has been a rapid expansion in growing crops such as maize to produce biomethane as a cleaner alternative to fossil fuels, to help reach Net Zero. But some of this increased cultivation, on drained peat, is emitting three times more carbon dioxide than it is avoiding by not using natural gas, according to a new study.

      

      
        In search of new microscopy tools to observe how cells function
        Chemists discover how key contrast agent works, paving a way to create new markers needed for correlative microscopy that can image the structure and signaling of cells at the same time.

      

      
        Honeybees: Combinations of pesticides can be dangerous
        Dangerous mixtures: pesticides in combination can have unexpected effects on the development of honeybees. This is shown by a new study in which the last neonicotinoid still approved in the European Union was combined with two fungicides.

      

      
        Crown-of-thorns sea stars thrive in degraded coral habitats
        A new theory explains how juvenile crown-of-thorns sea stars (commonly known as starfish) can destabilize coral reefs. The 'degraded reef framework' explains how the loss of live coral, which crown-of-thorns starfish feed off, paradoxically benefits juvenile COTS. As live coral diminishes, these starfish accumulate in rubble habitats, which serve as juvenile nurseries.
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One of world's fastest ocean currents is remarkably stable, study finds | ScienceDaily
A new study by scientists at the Cooperative Institute for Marine and Atmospheric Studies (CIMAS), the University of Miami Rosenstiel School of Marine, Atmospheric, and Earth Science, NOAA's Atlantic Oceanographic and Meteorological Laboratory (AOML), and the National Oceanography Centre found that the strength of the Florida Current, the beginning of the Gulf Stream system and a key component of the global Atlantic Meridional Overturning Circulation, or AMOC, has remained stable for the past four decades.


						
There is growing scientific and public interest in the AMOC, a three-dimensional system of ocean currents that act as a "conveyer belt" to distribute heat, salt, nutrients, and carbon dioxide across the world's oceans. Changes in the AMOC's strength could impact global and regional climate, weather, sea level, precipitation patterns, and marine ecosystems.

In this research, measurements of the Florida Current were corrected for the secular change in the geomagnetic field to find that the Florida Current, one of the fastest currents in the ocean and an important part of the AMOC, has remained remarkably stable over the past 40 years.

The study published in the journal Nature Communications, the scientists reassessed the 40-year record of the Florida Current volume transport measured on a decommissioned submarine telecommunications cable in the Florida Straits, which spans the seafloor between Florida and the Bahamas. Due to the Earth's magnetic field, as salt ions in the seawater are transported by the Florida Current over the cable, a measurable voltage is induced in the cable. The cable measurements were analyzed together with measurements from regular hydrographic surveys that directly measure the Florida Current volume transport and water mass properties. In addition, the transport was inferred from cross-stream sea level differences measured by altimetry satellites.

"This study does not refute the potential slowdown of AMOC, it shows that the Florida Current, one of the key components of the AMOC in the subtropical North Atlantic, has remained steady over the more than 40 years of observations," said Denis Volkov, lead author of the study and a scientist at CIMAS which is based at the Rosenstiel School. "With the corrected and updated Florida Current transport time series, the negative tendency in the AMOC transport is indeed reduced, but it is not gone completely. The existing observational record is just starting to resolve interdecadal variability, and we need many more years of sustained monitoring to confirm if a long-term AMOC decline is happening."

Understanding the state of the Florida Current is very important for developing coastal sea level forecast systems, assessing local weather and ecosystem and societal impacts.

Since 1982, NOAA's Western Boundary Time Series (WBTS) project and its predecessors have monitored the transport of the Florida Current between Florida and the Bahamas at 27degN using a 120-km long submarine cable paired with regular hydrographic cruises in the Florida Straits. This nearly continuous monitoring has provided the longest observational record of a boundary current in existence. Beginning in 2004, NOAA's WBTS project partnered with the United Kingdom's Rapid Climate Change program (RAPID) and the University of Miami's Meridional Overturning Circulation and Heatflux Array (MOCHA) programs to establish the first trans basin AMOC observing array at about 26.5N.

The study was supported by NOAA 's Global Ocean Monitoring and Observing program (grant #100007298), NOAA's Climate Variability and Predictability program (grant #NA20OAR4310407), Natural Environment Research Council (grants #NE/Y003551/1 and NE/Y005589/1) and the National Science Foundation (grants #OCE-1332978 and #OCE-1926008).
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Path to prosperity for planet and people if Earth's critical resources are better shared | ScienceDaily
Earth will only remain able to provide even a basic standard of living for everyone in the future if economic systems and technologies are dramatically transformed and critical resources are more fairly used, managed and shared, according to an international research team including scientists from The Australian National University (ANU).


						
The report, published in The Lancet Planetary Health, outlines how cities and businesses have the power to play a crucial role and become the "stewards" of critical Earth systems by demonstrating how they can reduce their environmental impact on the planet. The report summarises key findings of phase one of Earth Commission, founded in 2019 with a team of 18 globally esteemed interdisciplinary scholars as commissioners, involving more than 40 researchers in various working groups.

The report builds on the Safe and Just Earth System Boundaries report published in Nature last year, which found that most of the vital limits within which people and the planet can thrive have been surpassed.

One of three lead authors, Distinguished Professor Xuemei Bai, from ANU, who led the working group on Translation, said that companies and cities have the means to act and drastically transform and reduce pressure on the planet.

"Companies and cities have a huge potential to make a difference, especially if they work towards the same goal, which is to ensure the planet can provide for everyone long-term," she said.

"They are more nimble and flexible than states, and can reduce their pressure on the planet by setting science-based targets in line with our findings."

Professor Stuart Bunn, from Griffith University, co-led one of the working groups, which focused on the boundaries of freshwater and nutrient pollution.




The report found the planet's ability to provide and protect is being stretched past its limits, although it remains possible for humans to escape poverty and harm caused by Earth's system change, if urgent action is taken.

It found the only way to provide for everyone and ensure societies, businesses and economies thrive without destabilising the planet is to reduce inequalities in how critical Earth system resources, such as freshwater and nutrients, are accessed and used, and how responsibilities, such as reducing carbon emission, are shared, alongside economic and technological transformation.

By 2050, unless urgent transformations are made, the researchers argue that Earth's climate will deteriorate to the point where there will be no "safe and just space" left.

That means that even if everyone on the planet only had access to the resources necessary for a basic standard of living in 2050, the Earth would still be outside the climate boundary.

The researchers say earth systems face the risk of crossing dangerous tipping points, which would cause further significant harm to people around the world unless energy, food and urban systems are urgently transformed.

The paper outlines a series of recommendations to ensure Earth's climate remains within this so-called "safe and just space."

* Firstly, a well-coordinated, intentional effort between policymakers, businesses, civil society and communities can push for changes in how we run the economy and find new policies and funding mechanisms that can address inequality whilst reducing pressure on nature and climate.




* Secondly, fundamental to the transformation is more efficient and effective management, sharing and usage of resources at every level of society including addressing the excessconsumption of some communities, which limits access to basic resources for those whoneed them the most.

* Thirdly, investment in sustainable and affordable technologies is essential to help us use fewer resources and to reopen the safe and just space for all, particularly where there is little or no space left.

The report has been published in The Lancet Planetary Health. It is co-authored by more than 60 leading natural and social scientists from across the globe.
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Avian flu found in wastewater of 10 Texas cities through virome sequencing | ScienceDaily
Avian influenza A(H5N1) virus, which spread to cattle and infected 14 people this year, was detected using virome sequencing in the wastewater of 10 Texas cities by researchers at UTHealth Houston and Baylor College of Medicine. The virome is the collection of viruses in a sample, in this case a wastewater sample.


						
The information was published in the New England Journal of Medicine.

Until March 2024, H5N1 had not been detected in 1,337 wastewater samples analyzed by the team. But from March 4 to July 15 (the end of data collection for this article), H5N1 was detected in 10 of 10 cities, 22 of 23 sites, and 100 of 399 samples. However, the abundance of H5N1 in wastewater samples collected over time did not correlate with influenza-related hospitalizations over the same time period, so the risk to the public was extremely low.

UTHealth Houston and Baylor established the wastewater testing program as part of the Texas Epidemic Public Health Institute (TEPHI).

The sequencing protocol used by the team can detect genetic changes that might indicate an adaptation of the virus to mammals, perhaps even humans. Lack of clinical burden in humans and genomic information suggested that the source of the virus load found in wastewater during that time span came from animal origins. But continued surveillance is critical for monitoring any evolutionary adaptations that would indicate the potential for it to jump to humans, the researchers concluded.

Lead authors of the journal letter were Michael J. Tisza, PhD, assistant professor of molecular virology and microbiology at Baylor; Blake Hanson, PhD, assistant professor in the Center for Infectious Diseases at UTHealth Houston School of Public Health; Eric Boerwinkle, PhD, director of TEPHI and the dean, Kozmetsky Family Chair in Human Genetics, and M. David Low Chair in Public Health of the School of Public Health; and Anthony W. Maresso, PhD, the Joseph L. Melnick Chair of Virology at Baylor. Boerwinkle and Hanson are also members of The University of Texas MD Anderson Cancer Center UTHealth Houston Graduate School of Biomedical Sciences.

The team detects viruses in wastewater by using a viral probe capture set targeting thousands of viral species or variants. Since May 2022, TEPHI has detected more than 400 human and animal viruses, several of which (SARS-CoV-2, influenza, and mpox) have correlated to clinical case data in the population.

Letter co-authors from UTHealth Houston included Kristina Mena, PhD, the Jane Dale Owen Chair in Environmental Health Protection; Anna Gitter, PhD; Fuqing Wu, PhD; Janelle Rios, MPH, PhD; and Jennifer Deegan, MPAff. From Baylor College of Medicine: Justin Clark, PhD; Li Wang, MD, PhD; Katelyn Payne, BS, Matthew Ross, PhD; Sara Javornik Cregeen, PhD; Juwan Cormier, PhD; Vasanthi Avadhanula, PhD; Austen Terwilliger, PhD; Pedro Piedra, MD; Joseph Petrosino, PhD. John Balliew, with the El Paso Water Utility, was also a co-author.
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New map shows where landslides are most likely to occur in U.S. | ScienceDaily
Landslides are a common hazard in the US. In fact, nearly 44% of the country could experience one, potentially catastrophically. Our new national landslide susceptibility map shows where they're most likely to happen.


						
The U.S. Geological Survey has released a new nationwide landslide susceptibility map that indicates nearly 44% of the U.S. could potentially experience landslide activity. The new assessment provides a highly detailed, county-by-county picture of where these damaging, disruptive and potentially deadly geologic hazards are more likely as well as areas where landslide hazards are negligible.

The new map will support risk-reduction and land-use planning efforts by showing where potentially unstable areas are so planners and engineers can better prioritize and mitigate future landslide hazards.

"This new national landslide susceptibility map addresses an important but difficult question: which areas across the entire U.S. are prone to landslides?" said Ben Mirus, USGS research geologist. "We are excited that it is now publicly available to help everyone be more prepared -- to be a more hazard-ready nation."

Previously, detailed landslide maps were only developed for a few areas of the U.S. where the landslide risks were considered high, but this map expands the assessment to include many other hazardous areas around the country where there was a limited understanding of landslide potential.

Mirus and team used an inventory of nearly 1 million previous landslides, high-resolution national elevation data from the USGS 3D Elevation Program, and advanced computing to build their comprehensive landslide susceptibility model. The resulting map of the contiguous U.S., Alaska, Hawaii, and Puerto Rico zeroes in on landslide locations by using much higher resolution data than existing continental and global landslide maps.

The new map can also be used to identify areas where more landslide mapping is needed and how the improvements can better inform landslide mitigation.
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Biogeochemists make recommendations for tackling 'hidden' phosphorus | ScienceDaily
As the world tries to mitigate agriculture's effect on the environment, much of the story can be found in the soils, which stores and cycles nutrient elements of carbon, nitrogen, and phosphorus. Biogeochemistssuch as Andrew Margenot, Associate Director of the Agroecosystem Sustainability Center, are set to find answers, but for Margenot and other biogeochemistry experts who specialize in studying phosphorus cycling, the challenge is first being able to accurately measure where phosphorus has accumulated in the <100 years since humans began to increase the amount of the nutrient element in the biosphere.


						
Margenot, an Associate Professor of Soil Science in the Department of Crop Sciences at the University of Illinois Urbana-Champaign, and other phosphorus experts from around the world published a position or synthesis piece (as opposed to a research study) in Global Change Biology, to lay a roadmap to understand phosphorus cycling in the Anthropocene: the new geological era ushered in by human activities.

Other investigators with the project include Leo Condron, a Professor of Biochemistry at Lincoln University in New Zealand; Genevieve Metson, an Associate Professor in the Department of Geography and Environment at the University of West Ontario; Philip Haygarth, a Professor at the Lancaster University Environment Centre in the United Kingdom; and Jordan Wade, Soil Health Assessment Lead at the Syngenta Group, headquartered in Basel, Switzerland; along with Ph.D. student Prince Agyeman from the Czech Republic and research scientist Shengnan Zhou and postdoctoral researcher Suwei Xu from the Margenot research group at Illinois.

"The goal is to look at all possible ways to try to measure legacy phosphorus. This is a comprehensive one-stop shopper overview of where it makes sense to measure and where it makes sense to not worry about. In the process, we identify the priorities and non-priorities and provide a unified vision of what we should do going forward."

The position paper focus on phosphorus in the "terrestrial aquatic continuum," the interplay of water and soil that interact at varying scales of space and time"A big part of our paper was emphasizing uncertainty," Margenot said. "This can be uncomfortable for policymakers because they have a need to make policy yesterday for tomorrow's problems.."

It may take a century for legacy phosphorus already loaded into stream channels and build up o in the soil to fully disseminate to the waterways, so identifying how much and where this residual P is located is an important need

"When it comes to legacy phosphorus that will impact water for the next 100 years or more, we don't even know the basics of where to start. However, there has to be a way to navigate the uncertainty: we don't want to be too brash, but we also cannot wait 50 years to determine what to do either."

In making recommendations for future phosphorus use, researchers can measure how much was added to the soil and how much was exported by biomass removal (e.g., harvest) or loss (e.g., leaching or erosion). Calculating the balance (what went in, minus what came out of a 'system' like a field, watershed or country) enables estimation of the quantify of residual P -- a positive mass balance.




The position paper also provide several case studies of legacy P using the two oldest continuous agriculture test plots in the World, the Rothamsted Experiment in Harpenden, England founded in 1843, and the University of Illinois Morrow Plots founded in 1876. Among the discoveries was that the accumulated phosphorus is generally located in the top 12 inches of the soil, and is often in a different form than when it was added to the soil. This last part was a key finding of the paper.

"We typically add phosphorus in inorganic form as phosphate, which is readily soluble in in water and thus may be at a high risk for loss," explains Margenot. "What we found is that even though we have a lot of phosphorus going on as phosphate, the amount that builds up doesn't persist in soil in the soluble phosphate form. It transforms into forms associated with organic matter, iron, and calcium. So we can't assume that the amount of phosphorus that was applied and not used (i.e., residual phosphorus), is there for the taking by the crop or potential loss to water."

In addition to comprehensively evaluating the problem, the consortium made several recommendations.

1) Researchers need to be better at validating estimates. "Oftentimes we don't measure the small input or the output amounts of phosphorus. Over time those gaps in the measurements amplify uncertainty," Margenot says.

2) Scientists often don't have sufficient information to form decent estimates.The group suggests an initiative where the private sector (e.g., soil testing labs) could work with researchers to make use of existing datasets.

3) There needs to be a uniform method of measuring the data. "In a lot of cases, basic measurements basically haven't been taken," Margenot says. "We need to couple complementary methods that are individually not great, but in combination are quite strong. While it can be overwhelming to figure out where the P has built up over the last 70 years, I think the important thing is to identify where it matters for different reasons of agronomic utilization and water quality impairment."

4) There needs to be an effort to discover the hot spots of legacy P so that resources could be prioritized to decrease the negative impacts of water quality. Margenot's group is already doing that in Illinois. "We don't need to map the entire state," Margenot says. "We know where there is a priority watershed because the USGS is measuring this."




The challenge according to the paper is to convince researchers and funders to allocate resources to provide data that will make a difference. "To get that last 5 percent of the data will cost you half of what it takes for other 95% of the data," Margenot notes.

The challenge for policymakers, according to Margenot, will be to explain that because the measurements of legacy P are estimates at this point, they should see the data as a living document. "The policies have to be plastic," he says.

"The global phosphorus has been more perturbed by human activities than nitrogen," Margenot notes. "We've about doubled the amount of nitrogen in circulation in the biosphere, but we have quadrupled it for phosphorus."
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Self-medicating gorillas and traditional healers provide clues for new drug discovery | ScienceDaily
Four plants consumed by wild gorillas in Gabon and used by local communities in traditional medicine show antibacterial and antioxidant properties, find Leresche Even Doneilly Oyaba Yinda from the Interdisciplinary Medical Research Center of Franceville in Gabon and colleagues in a new study publishing September 11 in the open-access journal PLOS ONE.


						
Wild great apes often consume medicinal plants that can treat their ailments. The same plants are often used by local people in traditional medicine.

To investigate, researchers observed the behavior of western lowland gorillas (Gorilla gorilla gorilla) in Moukalaba-Doudou National Park in Gabon and recorded the plants they ate. Next, they interviewed 27 people living in the nearby village of Doussala, including traditional healers and herbalists, about the plants that were used in local traditional medicine. The team identified four native plant species that are both consumed by gorillas and used in traditional medicine: the fromager tree (Ceiba pentandra), giant yellow mulberry (Myrianthus arboreus), African teak (Milicia excelsa) and fig trees (Ficus). They tested bark samples of each plant for antibacterial and antioxidant properties and investigated their chemical composition.

The researchers found that the bark of all four plants had antibacterial activity against at least one multidrug-resistant strain of the bacterium Escherichia coli. The fromager tree showed "remarkable activity" against all tested E.coli strains. All four plants contained compounds that have medicinal effects, including phenols, alkaloids, flavonoids, and proanthocyanidins. However, it's not clear if gorillas consume these plants for medicinal or other reasons.

Biodiverse regions, such as central Africa, are home to a huge reservoir of unexplored and potentially medicinal plants. This research provides preliminary insights about plants with antibacterial and antimicrobial properties, and the four plants investigated in this study might be promising targets for further drug discovery research -- particularly with the aim of treating multidrug-resistant bacterial infections.

The authors add: "Alternative medicines and therapies offer definite hope for the resolution of many present and future public health problems. Zoopharmacognosy is one of these new approaches, aimed at discovering new drugs."
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Newly discovered antimicrobial could prevent or treat cholera | ScienceDaily
More than a million people each year die from infections by pathogens that are resistant to antimicrobials, and the problem is growing. Meanwhile, the discovery of new antimicrobials that can help stem the tide has not kept pace.


						
Researchers at The University of Texas at Austin see promise in a class of natural antimicrobials called microcins, which are produced by bacteria in the gut and help them compete with rival bacteria. In a pair of recent papers, the researchers identify the first known microcin that targets the strains of bacteria that cause cholera and describe a method for finding microcins in bacterial genomes with the help of artificial intelligence.

"Imagine one day eating yogurt containing probiotic strains of bacteria that produce microcins to prevent or treat cholera, pathogenic E. coli, inflammatory bowel disease or colon cancer," said Bryan Davies, professor of molecular biosciences and a senior author on both papers. "The idea is to put in healthy bacteria that would then be able to continually make microcins in the gut to fight off the pathogen of interest."

The cholera research, published in Cell Host & Microbe, was led by Sun-Young Kim, a Ph.D. candidate at UT.

Cholera, the deadly diarrheal disease caused by Vibrio cholerae bacteria, causes severe dehydration and can kill in just a few hours. According to the World Health Organization, each year cholera is responsible for 21,000 to 143,000 deaths worldwide. Another type of gut bacteria is thought to trigger flare-ups of inflammatory bowel disease. And still another type of gut bacteria is associated with the progression of colon cancer. Each is a potential target for microcins.

Microcins are highly selective, meaning they usually target specific bacteria, unlike traditional antibiotics that broadly kill desirable and undesirable bacteria alike. This means they could potentially remove unwanted bacteria without disturbing the delicate balance of the human gut microbiome crucial to overall health. And because their mechanism of action is different from that of traditional antibiotics, they can still be effective against pathogens that have developed antibiotic resistance.

It's hard to locate microcins in a bacteria's genome because their genetic sequences are very short and diverse. So instead, the team began searching V. cholerae genomes for a larger protein called PCAT, which is associated with microcins and helps export them out of the bacteria that produces them so they can reach other bacteria. It's like when you use a landmark in your neighborhood to help friends find your house ("I'm two doors down from the fire station.").




The researchers found about two dozen candidate microcins, all from nonpathogenic strains of V. cholerae. They showed that one of these microcins, dubbed MvcC, kills pathogenic V. cholerae strains. In other words, it's a natural weapon that one bacterial strain uses to outcompete its close cousins.

"You have bacteria in your gut right now making microcins," Davies said. "They're a natural part of how your bacterial communities organize and compete."

So how do V. cholerae strains that produce microcins not poison themselves?

The researchers discovered that the strains of V. cholerae that produce microcins also produce a kind of antidote, called an immunity protease. They demonstrated that -- in mice whose guts were infected with pathogenic and nonpathogenic strains of V. cholerae -- the bacteria that expressed microcins outcompeted the strains that did not.

The researchers plan to continue the cholera work in three ways:
    	Mutating their anti-Vibrio microcin MvcC to be more lethal to V. cholerae and better able to resist degradation in the human body.
    	Developing combinations of different anti-Vibrio microcins to prevent the development of antimicrobial resistance.
    	Finding which microcin-producing bacterial strains are best at producing and delivering microcins to pathogens in the gut.

In a related paper that will be published soon in a peer-reviewed journal and is available as a preprint, the researchers describe a new AI-based approach to finding more candidate microcins. The approach uses protein LLMs -- biological analogs to the generative AI large language models behind chatbots such as ChatGPT -- to find sequences that are similar to known microcins. This is one of several AI-based approaches the team is experimenting with that they hope will lead to more microcin discoveries.

"Microcin biology is very unique and extremely understudied," said Claus Wilke, a UT professor of integrative biology and statistics and data sciences, and a co-author on the forthcoming paper. "And so, it's a good field to be in, where there's still a lot to be done and to be discovered."

This research was supported by The Welch Foundation, the National Institutes of Health, the U.S. Army Research Office, the Winkler Family Foundation and Tito's Handmade Vodka.
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The Neanderthals may have become extinct because of their isolated lifestyle | ScienceDaily
Neanderthal remains recently discovered in a cave in France support well-known theory of why the Neanderthals became extinct, researchers behind a new study say.


						
In recent years, researchers have offered different explanations for why modern humans survived and the Neanderthals became extinct some 40,000 years ago.

A new study from the Globe Institute at the University of Copenhagen supports one of the main hypotheses. The researchers behind the new study discovered Neanderthal remains of a male in a cave in southern France, and the discovery supports the hypothesis that the Neanderthals may have gone extinct because of their antisocial lifestyle.

"When we look at these genomes from Neanderthals, we see that they are quite inbred and therefore don't have much genetic diversity. They have been living in small groups for many generations. We know that inbreeding reduces genetic diversity in a population, which can be detrimental to their ability to survive if it occurs over a longer term," one of the researchers behind the new study, Associate Professor Martin Sikora from the Globe Institute, explains and adds:

"The newly found Neanderthal genome is from a different lineage than the other late Neanderthals previously studied. This supports the notion that social organization of Neanderthals was different to early modern humans who seemed to have been more connected."

In other words, compared to the Neanderthals, early modern humans were more likely to connect with other groups, which is an advantage if you want to survive.

"This is in the more speculative end, but even just the notion of being able to communicate more and exchange knowledge is something humans do that Neanderthals to some extend might not have done, due to their isolated lifestyles by organizing themselves in smaller groups. And that is an important skill to have. We see evidence of early modern humans in Siberia forming so-called mating networks to avoid issues with inbreeding, while living in small communities, which is something we haven't seen with Neanderthals," Postdoc Tharsika Vimala says.




DNA sheds light on the history of the Neanderthals

Researchers have found little Neanderthal DNA considering the substantial number of discovered Neanderthal remains across Eurasia. Some of the oldest Neanderthal DNA dates back to 120 thousand years ago and have been recovered from Neanderthals found in the Denisova Cave (Altai Mountains) and caves in Scladina (Belgium) and Hohlenstein-Stadel (Germany). In fact, the "new" Neanderthal genome is merely the fifth of its kind to be found in Western Europe with an age below 50 thousand years old.

"Our team in Copenhagen extracted DNA from his tooth, sequenced the DNA and analysed his nuclear genome, which is the DNA found within the core of the cells. The DNA was analysed along with other known Neanderthal genomes to understand their shared history," Martin Sikora says.

In addition, the researchers re-analysed the genome of another known late Neanderthal from France and found that this individual also carried ancestry from a distant Neanderthal lineage which is different from the 'new' genome. The findings tell us that multiple isolated communities might have been present in Western Europe up until their demise.

According to the researchers, the hypothesis is not new and has previously been found for Neanderthals living in the Altai Mountains which is naturally a more isolated area. Up until now they did not have the genomic evidence to confirm it for the Western European Neanderthals. The new discovery is therefore an important piece in the puzzle of Neanderthal history.

"It is something that we have talked about for a while. But we needed more evidence, and this is some of the evidence that we were looking for and needed to figure out how likely this hypothesis of them going extinct because of their isolated lifestyle is. We do, however, need much more genomic data to paint a better picture of their history," says Tharsika Vimala.

The study has been published in Cell Genomics.
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Mirror, mirror, in my tank, who's the biggest fish of all? | ScienceDaily
What if that proverbial man in the mirror was a fish? Would it change its ways? According to an Osaka Metropolitan University-led research group, yes, it would.


						
In what the researchers say in Scientific Reports is the first time for a non-human animal to be demonstrated to possess some mental states (e.g., mental body image, standards, intentions, goals) which are elements of private self-awareness, bluestreak cleaner wrasse (Labroides dimidiatus) checked their body size in a mirror before choosing whether to attack fish that were slightly larger or smaller than themselves.

The team of OMU Graduate School of Science student Taiga Kobayashi, Specially Appointed Professor Masanori Kohda, Professor Satoshi Awata, and Specially Appointed Researcher Shumpei Sogawa, and Professor Redouan Bshary of Switzerland's University of Neuchatel, were among the group that last year reported the cleaner wrasse could identify photographs of itself as itself, based on its face through mirror self-recognition.

This time, the cleaner wrasse's behavior of going to look in the mirror installed in a tank when necessary indicated the possibility that the fish were using the mirror to check their own body size against that of other fish and predict the outcome of fights.

"The results that fish can use the mirror as a tool can help clarify the similarities between human and non-human animal self-awareness and provide important clues to elucidate how self-awareness has evolved," doctoral candidate Kobayashi declared.

This study was financially supported by JST SPRING (JPMJSP2139 to T.K.), JSPS KAKENHI (23KJ1829 to T.K., 19F19713 and 20K20630 to M.K., 22H02703 to S.A., and 20K20154 to S.S.), Swiss Science Foundation (310030_192673 to R.B.), and an OCU Strategic Research Grant 2018-2019 (to M.K. and S.A.).
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Scientists expand the genetic alphabet to create new proteins | ScienceDaily
It's a dogma taught in every introductory biology class: Proteins are composed of combinations of 20 different amino acids, arranged into diverse sequences like words. But researchers trying to engineer biologic molecules with new functions have long felt limited by those 20 basic building blocks and strived to develop ways of putting new building blocks -- called non-canonical amino acids -- into their proteins.


						
Now, scientists at Scripps Research have designed a new paradigm for easily adding non-canonical amino acids to proteins. Their approach, described in Nature Biotechnologyon September 11, 2024, revolves around using four RNA nucleotides -- rather than the typical three -- to encode each new amino acid.

"Our goal is to develop proteins with tailored functions for applications in fields spanning bioengineering to drug discovery," says senior author Ahmed Badran, PhD, an assistant professor of chemistry at Scripps Research. "Being able to incorporate non-canonical amino acids into proteins with this new method gets us closer to that goal."

For a cell to produce any given protein, it must translate a strand of RNA into a string of amino acids. Every three nucleotides of RNA, called a codon, correspond to one amino acid. But many amino acids have more than one possible codon; for instance, RNA reading the sequences UAU and UAC both correspond to the amino acid tyrosine. It's the job of small molecules called transfer RNAs (tRNAs) to link each amino acid to its corresponding codons.

Recently, researchers aiming to add completely new amino acids to a protein have created strategies to reassign a codon. For instance, the UAU codon could be linked to a new amino acid by changing the tRNA for UAU; this would result in UAU being read by the cell as corresponding to a building block other than tyrosine. But at the same time, every instance of UAU in the cell's genome would need to become UAC, in order to prevent the new amino acid from being integrated into thousands of other proteins where it doesn't belong.

"Creating free codons by whole genome recoding can be a powerful strategy, but it can also be a challenging undertaking since it requires considerable resources to build new genomes," says Badran. "For the organism itself, it can be difficult to predict how such codon changes influence genome stability and host protein production."

Badran and his colleagues wanted to create an efficient plug-and-play strategy that would only incorporate the chosen non-canonical amino acid(s) into specific sites in a target protein, without disrupting the cell's normal biology or requiring the entire genome to be edited. That meant using tRNA that wasn't already assigned to an amino acid. Their solution: a four-nucleotide codon.




The team knew that in a few situations -- such as bacteria quickly adapting to resist drugs -- four-nucleotide codons had naturally evolved. So, in their new work, the researchers studied what caused cells to use a codon with four nucleotides rather than three. They discovered that the identities of the sequences nearby to the four-base codon were critical -- frequently used codons enhanced how the cell could read a four-nucleotide codon to incorporate a non-canonical amino acid.

Badran's group then tested whether they could alter the sequence of a single gene so that it had a new four-nucleotide codon that would be correctly used by the cell. The method worked: When the researchers surrounded a target site with three-letter, frequently used codons and maintained sufficient levels of the four-nucleotide tRNA, the cell incorporated any new amino acid that was attached to the corresponding four-letter tRNA. The research team repeated the experiment with 12 different four-nucleotide codons and then used the technique to design more than 100 new cyclic peptides -- called macrocycles -- with up to three non-canonical amino acids in each.

"These cyclic peptides are reminiscent of bioactive small molecules that one might find in nature," says Badran. "By capitalizing on the programmability of protein synthesis and the diversity of building blocks accessible by this approach, we can create new-to-nature small molecules that will have exciting applications in drug discovery."

He adds that, compared with previous approaches to non-canonical amino acid incorporation, this new method is easy to use since it involves altering only one gene rather than a cell's entire genome. Additionally, more non-canonical amino acids could be used in a single protein since there are more possible four-nucleotide codons than three-nucleotide ones.

"Our results suggest that one can now easily and effectively incorporate non-canonical amino acids at diverse sites in a wide array of proteins," says Badran. "We're excited about these possibilities for our ongoing work and to provide this capability to the broader community."

He notes that the technique could be used to re-engineer existing proteins -- or create entirely new ones -- that have utility in a range of sectors, including medicine, manufacturing and chemical sensing.

This work was supported by funding from the National Institutes of Health (DP5-OD024590), the Research Corporation for Science Advancement, the Sloan Foundation (G-2023-19625), the Thomas Daniel Innovation Fund (627163_1), an Abdul Latif Jameel Water and Food Systems Lab Grand Challenge Award (GR000141-S6241), a Breakthrough Energy Explorer Grant (GR000056), the Foundation for Food & Agriculture Research (28-000578), a Homeworld Collective Garden Grant (GR000129), the Army Research Office (81341- BB-ECP), the Hope Funds for Cancer Research (HFCR-23-03-01), a Skaggs-Oxford Scholarship and a Fletcher Jones Foundation Fellowship.
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Breakthrough research sheds light on the hidden effects of stress on sperm | ScienceDaily
A groundbreaking study led by researchers at the University of Colorado Anschutz Medical Campus reveals that stress-induced changes in sperm motility occur after a stressful event, rather than during it and improves sperm performance. The discovery is essential in understanding how stress impacts the reproductive process to improve fetal development outcomes.


						
The study was published today in Nature Communications.

Over the last five decades, there has been a notable decline in semen quality, which has coincided with environmental stressors. This new research identifies how stress affects the ability of sperm to move through a female's reproductive system to fertilize an egg (motility). Researchers observed changes in extracellular vesicles (EVs), small particles released from the male reproductive tract that play a role in sperm development and maturation. These changes occurred after the stressor had passed, not during the stress experience.

"Our findings show a significant, time-dependent increase in sperm motility following perceived stress which aligns with previous studies on changes in the microRNA in human sperm," said Tracy Bale, PhD, lead author and the Anschutz Foundation Endowed Chair in Women's Integrated Mental and Physical Health Research at the Ludeman Center at CU Anschutz. "This timing, where sperm function improves after stress, might be evolutionarily beneficial to increasing birth rates, particularly following challenging times like those experienced during the COVID pandemic."

Studies were conducted in both men and in animal models. In both cases, stress-induced EVs enhanced sperm motility and mitochondrial respiration, the chemical energy needed to power the cell's biochemical reactions.

"Imagine you have a car that's struggling to get up a steep hill. When the engine is stressed, the car becomes less efficient. However, with a little more gas, you can boost the overall performance for a smoother drive. Just as your car becomes more efficient under stress, with the right adjustments, cells improve their energy production and movement when stress-induced factors are present," said Nickole Moon, PhD, the paper's first author and student at CU Anschutz who is on the research team.

Since the results were the same in both humans and in animal models, the findings suggest that this could be a universal coping mechanism across species, which might offer insights into broader reproductive health implications.




While the study focused on males, researchers highlight the importance of exploring how stress affects both partners in the fertility process. In addition, the researchers are ultimately interested in how these differences impact fetal development, especially for the brain.

"The impact of stress on germ cells, fertility, and the mechanisms underlying the transmission of parental stress experiences across generations are not well understood," said Neill Epperson, MD, professor and chair of the CU Department of Psychiatry and Bale's partner on the studies. "By continuing to recruit participants for these trials and conducting thorough stress evaluations along with the work taking place in the lab, we aim to gain a deeper understanding of how past stressors may affect future offspring."

Bale reiterates how increasing awareness of how stress impacts reproduction is vital.

"As stress is a common part of daily life, understanding its effects on reproduction and development will be essential for improving fertility and addressing broader ecological impacts on endangered species," said Bale.

The team is conducting additional studies that focus on understanding how stress information is transmitted into EVs and how this influences fertilization. They are also exploring the impact on brain development. In addition, they will be launching a trial study to test this model and further investigate the relationship between EVs and sperm in seminal fluid.
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Advancing power grounding systems: A novel predictive model for soil resistivity | ScienceDaily
For the design of reliable power grounding systems for critical electrical infrastructure, soil resistivity investigation is crucial. However, soil resistivity depends on various geotechnical properties, necessitating the need for robust assessment methods. In a new study, researchers conducted a comprehensive investigation into the behavior and relationships between soil resistivity and key geotechnical parameters and developed a predictive model based on their findings. This model can lead to cost-effective and more reliable design of grounding systems.


						
Proper power grounding systems are necessary for maintaining the safety and reliability of critical electrical subsystem infrastructure, such as substations. Power grounding systems provide a low-resistance path for electrical fault currents to flow into the earth, preventing electrical shocks, fires, and damage to vital equipment. Investigation of soil resistivity is crucial for designing power grounding systems. For the most cost-effective and efficient grounding systems for electrical substations, it is imperative to carefully select sites with the lowest soil electrical resistivity. This also ensures optimal performance and safety. Therefore, accurate determination of soil resistivity is important, as inaccurate values can lead to faulty grounding systems.

The Electricity Generating Authority of Thailand has set criteria for the soil resistivity required for substations, with a threshold of less than 80 Ohm-meters. However, soil resistivity often fails to meet these requirements, highlighting the need for robust soil resistivity assessment methods. Many studies have investigated the relationship between soil resistivity and various geotechnical properties, emphasizing the influence of water content, unit weight of soil, salt content, clay content, and particle sizes. Despite these insights, there remains a need for a comprehensive predictive model that integrates the relationships between soil electrical resistivity and multiple geotechnical parameters.

To address this challenge, a research team, led by Professor Shinya Inazumi from the College of Engineering at Shibaura Institute of Technology, conducted a comprehensive investigation into the behavior and relationships between soil resistivity and geotechnical parameters in a controlled temperature and humidity environment. They also developed a predictive model based on their findings. Their study was made available online on August 08, 2024, and published in Volume 23 of the journal Results in Engineering in September 2024.

"At the heart of this study is the development of predictive models based on the relationship between soil electrical resistivity and key geotechnical properties. By developing robust correlation models, we aim to accurately predict soil resistivity under field conditions. This has significant implications for the design of grounding systems in electrical substations, particularly in regions with diverse soil types such as Thailand," says Prof. Inazumi.

In the study, the researchers measured 30 soil samples from various representative locations within the power grid substation in Thailand, using a controlled laboratory environment to establish a robust correlation of resistivity with each geotechnical parameter. Three index geotechnical properties were selected to correlate with soil electrical resistivity: water content, known to strongly influence resistivity; plasticity index, representing the clay content; and dry density, representing soil density without water. Results revealed a clear relationship between soil resistivity and water content, with resistivity increasing with decreasing water content. However, the correlation between resistivity and plasticity index or dry density was found to be less significant, which the researchers attributed to the dominant influence of water content.

To address this issue, they further utilized nonlinear multiple regression analysis to study the combined effects of water content and other soil parameters. The coefficient of determination (r2), which explains how well a model fits the observed data, for the correlation of soil electrical resistivity, water content, and plasticity index, was found to be 0.8281, and 0.7742 for the correlation between electrical resistivity, water content, and dry density. These strong correlations suggest that a combination of water content, plasticity index, and dry density provides a reliable predictive model for soil resistivity.

However, the team also acknowledged the limitation of this model, which can currently predict soil resistivity of only cohesive soils with fine particles. This is due to the limited variety of soil samples used in the study. Fortunately, this limitation can be easily addressed in future research by including a broader and more diverse set of soil samples.

"This study provides a method for optimizing substation grounding designs, which are critical for protecting equipment and personnel from electrical faults. The results can reduce the need for extensive soil testing and modifications, cutting costs while maintaining regulatory compliance. Beyond electrical applications, predictive models developed in the study could also be adapted for environmental monitoring," remarks Prof. Inazumi, highlighting the potential broader applications of their study.

Overall, this study breaks new ground in soil resistivity assessment, contributing to the cost-effective construction of ground systems for electrical substations and paving the way for safer and more reliable power supply, which is essential for stable economic growth.
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Carbohydrate polymers could be a sweet solution for water purification | ScienceDaily
Water polluted with heavy metals can pose a threat when consumed by humans and aquatic life. Sugar-derived polymers from plants remove these metals but often require other substances to adjust their stability or solubility in water. Now, researchers in ACS Central Science report a sugar-like polymer that traps heavy metals within insoluble clumps for easy removal. In proof-of-concept tests, the polymer removed ionic cadmium and lead from river water spiked with these persistent contaminants.


						
Some heavy metal ions can be toxic at high levels in drinking water. Methods for removing these contaminants, such as filtration, can be energy intensive and rely on metal-capturing membranes that clog quickly and must be replaced. To improve water purification, researchers have turned to plants. Plants defend their cells with a barrier of polysaccharides, made of macromolecules with repeating sugar units, that trap metal ions. For example, in a recent study, researchers used sticky polysaccharide extracts from okra and aloe to remove microplastics from wastewater. However, some polysaccharides dissolve in water, requiring additives to form insoluble gels for metal capture and removal. So, Cassandra Callmann and her research team at the University of Texas at Austin set out to design a single material with sugar-like structures and controllable water solubility to remove heavy metals from water.

The team constructed several polymers, each having a water-insoluble backbone with different water-soluble carbohydrates dangling from the repeating units like charms on a bracelet. In initial tests, the carbohydrate "charm" that attracted and bound ionic cadmium most efficiently contained a carboxylic acid group. Next, in tests of water spiked with ionic cadmium, the polymer with carboxylic acid formed visible clumps after three minutes, and the clumps could be filtered out. The clumps also redissolved, releasing the cadmium, by adjusting the acidity of the water. After three cycles of binding, clumping and redissolving, the polymer maintained the same metal-trapping efficiency, demonstrating its potential as a recyclable material.

As a proof-of-concept, the team next tested the carbohydrate-containing polymer on Colorado River water spiked with ionic cadmium and lead. The river sample contained substantially more ionic calcium, sodium and magnesium than the added metals. Over a 24-hour period, the polymer captured up to 20% and 45% of the added cadmium and lead, respectively, and minimal amounts of the other metal ions. The researchers say their new material is a promising step towards more efficient, reusable and selective materials for water purification.

The authors acknowledge funding from the Welch Foundation, the Cancer Prevention Research Institute of Texas and the National Institutes of Health.
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Microorganisms can travel long distances in the troposphere | ScienceDaily
Analysis of air samples taken at altitudes of up to 3,000 metres above Japan has revealed the presence of a vast range of viable bacteria and fungi transported by air masses originating more than 2,000 kilometres away, in regions enriched with fertilisers and pesticides. The study, published in Proceedings of the National Academy of Sciences (PNAS), reveals a new way in which human, animal and plant pathogens may travel to distant geographical regions. This research has been led by the Barcelona Institute for Global Health (ISGlobal), a centre supported by "la Caixa" Foundation, in collaboration with the Daniel Bravo Andreu Private Foundation (FPDBA).


						
Pathogens can be airborne, but little is known about the diversity of microbes that can survive at very high altitudes, where the conditions are harsh. "We know that above a certain point in the troposphere (called the planetary boundary layer), certain materials can be transported over long distances because the air in that region is isolated from the surface and there is less friction. But we did not suspect that viable microorganisms could be there also," says Xavier Rodo, ICREA researcher at ISGlobal.

"Our study is unique in that we performed 10 tropospheric flights to examine microbial diversity at high altitudes, while most studies have been performed only a few metres above the ground or the ocean," he adds.

Airborne microbes high above Japan

Using a Cessna aircraft, Rodo and an international team of colleagues conducted ten air surveys between 1,000 and 3,000 metres above Japan, starting from Chofu airport near Tokyo. All flights were planned to follow wind currents coming from mainland Asia in what are known as tropospheric bridges, which connect air from distant regions of the world; in this case, air that uplifts in mainland China and then descends over Tokyo due to typical winter weather conditions. For comparison, samples were also collected on the ground at Chofu. A total of 22 aerosol filter samples, collected during two periods (February and April, 2014), were analysed for their chemical and biological composition.

DNA sequencing allowed the research team to identify over 266 fungal and 305 bacterial genera associated with the aerosols, some of which are potentially pathogenic for humans, other animals or plants. For instance, bacterial species such as Escherichia coli, Serratia marcescens, Clostridium difficile, Clostridium botulinum, Haemophillus parainfluenzae, Acinetobacter baumannii and several Staphylococcus species were identified, as well as fungal species from genera such as Candida, Cladosporium and Malassezia, capable of causing disease in susceptible and immunocompromised individuals.

By culturing some of the samples, the researchers showed that bacteria collected from the air remained viable, and that some were resistant to commonly used antibiotics. "Surprisingly, the Micrococcus luteus strain isolated was resistant to multiple drugs, including carbapenems, glycopeptides, ciprofloxacin, and trimethoprim-sulfamethoxazole. Our findings suggest that antimicrobial resistance could spread over long distances via this previously unrecognised route," says Sofya Podzniakova, co-first author of the study.




Travelling thousands of kilometres

The association of these aerosols with certain elements such as zinc sulfate and potassium, commonly used in fertilizers and pesticides, suggests an agricultural origin, consistent with intensively farmed croplands in northeast China.

Finally, during the days sampled, flight and ground samples were very similar in terms of microbial diversity, which can be explained by air descending from high altitudes to the ground. The particle transport models, simulated by Roger Curcoll -currently a researcher at the Universitat Politecnica de Catalunya -- BarcelonaTech (UPC)- have corroborated both the possible transport of these particles from northeast China and the decline of tropospheric air masses to land in Japan.

"Our findings uncover a rich and unprecedented diversity of microbes that are dispersed by wind currents thousands of kilometres away from their sources by intense tunnels of wind that form high in the troposphere," says Rodo. "They represent a paradigm shift in our understanding of how human health can be affected by pathogens thriving in the environment, particularly in the air."

While the study does not prove a causal link between the presence of known human pathogens in aerosols and health effects, it does emphasise the need to further explore the spread of different microbial pathogens over long distances.
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Risky play exercises an ancestral need to push limits | ScienceDaily
With schools nationwide back in session, millions of children across the United States will clamber up the jungle gyms and hang from the monkey bars that have been a fixture of playgrounds since they were invented in the 1920s.


						
But in that time, the steel structures have also become a symbol of playground peril for many anxious parents and public officials who think they should be removed from parks and schoolyards to avoid the occasional bruises and broken bones.

A team of Dartmouth anthropologists takes a different view, marking 100 years since the jungle gym and monkey bars were patented by arguing that the iconic playground equipment and other forms of risky play exercise a biological need passed on from apes and early humans that may be critical to childhood development.

They write in the journal Evolution, Medicine, and Public Health that a trend toward "surplus safety" on playgrounds may come at the expense of children being allowed to independently test and expand their physical and cognitive abilities in a context in which injury is possible but avoidable.

"One of the ironies of modern parenting is that our children have never been physically safer and yet we have never been more worried about them. We need to consider the potential longer-term benefits of allowing them to engage in play where there is some level of risk so they can overcome challenges on their own and learn from it when it doesn't work out," says Zane Thayer, a co-author of the paper and associate professor of anthropology at Dartmouth.

"Generally, researchers have found that risky play helps children build resilience and confidence, skills that resonate throughout life," she says. "We focus on jungle gyms and monkey bars as an easy way for children to engage in risky and thrill-seeking play."

The researchers describe how the physiology -- and fossilized injuries -- of early humans show juveniles likely engaged in extensive swinging, climbing, jumping, and other risky play. The 3.3-million-year-old remains of a female Australopithecus afarensis child known as Selam exhibit shoulders, fingers, and feet adapted to climbing in trees and hanging from limbs, like modern apes. The 3.2-million-year-old skeleton of Lucy, an adult female of the same species, shows healed fractures thought to result from falls as high as 40 feet.




"Fossil evidence suggests that the children of early humans spent as much time in trees as adults did," says Luke Fannin, first author of the paper and a PhD candidate in the Ecology, Evolution, Environment and Society program in the Guarini School of Graduate and Advanced Studies.

"If you're spending all that time in trees as a juvenile, you need confidence, because falling from a tree can be devastating and possibly fatal for a large ape or hominin," he says. "We see in modern nonhuman primates that juveniles test the limits of what they can and can't do, what the risks are, and how to respond. That leads to the climbing skills we see in adults."

The Dartmouth researchers cite a 2014 study reporting that infant and juvenile chimpanzees spend 15% and 27% more time, respectively, climbing and swinging than adults, which enhances their dexterity, skill, and awareness of their own mass. Though lacking the dexterity of other primates, modern humans are still competent climbers, Fannin says. People in hunter-gatherer cultures have been known to climb as high as 150 feet into trees to collect food.

"The past and the present point to children gaining physical and experiential skills by exploring their boundaries through play," Fannin says. "Our physiology as children is still conducive to climbing, running, and jumping, as well as more easily recovering from injuries and short-distance falls."

"It's rare to see anthropology intersect so much with our daily lives," Fannin says. "People don't think about our ancestors very much, but play is a way that the past is reflected in the present."

Nathaniel Dominy, the Charles Hansen Professor of Anthropology and study co-author, says that Sebastian "Ted" Hinton, the Chicago lawyer who patented the jungle gym and monkey bars in 1923 and 1924, also saw that reflection.




In one of his patents, Hinton wrote that children have a "monkey instinct" to climb as a form of play and exercise. Hinton lived during a fervor for the outdoors in the early 20th century that led to the establishment of the National Park Service, the plotting of the Appalachian Trail, and the creation of Scouting.

But Hinton saw climbing as a vestige of our simian lineage before that link was formally established, Dominy says. The remains of the Taung Child, a 2.8-million-year-old Australopithecus africanus that provided the first physical link between modern humans and ape-like ancestors, weren't reported until 1925.

"Hinton was at the forefront of this cultural moment that embraced nature as essential to fitness, but it focused on bipedalism. Hinton described climbing as a product and necessity for childhood growth and development before we had the evidence for it," Dominy says.

"One hundred years later, jungle gyms and monkey bars are still very much part of the conversation around childhood play. But the voice of anthropologists is nowhere in this debate, and that's what we wanted to change," Dominy says. "Our work shows how evolutionary theory has the potential to inform research and practice in the public health domain."

Studies of hospital admissions show that jungle gyms and monkey bars result in more childhood fractures and hospital visits than any other playground equipment, the researchers report. But the risk of children being injured on a playground is relatively low.

The Dartmouth team cites a 2003 study that calculated the risk of playground injury at no more than 0.59 in 100,000, which is far less than injuries sustained through organized sports or even gym class. Another study found that 95% of children with playground injuries were treated and released between 2001-2013.

"Free play lets kids modulate activities to match their physical abilities and personal confidence," Fannin says. "The rules and guidelines of free play develop on much longer timescales than supervised and organized sports where adults set the rules and expectations. Kids getting injured in organized sports has a lot to do with the social context in which they occur."

But jungle gyms and monkey bars remain targets of efforts to make playgrounds safer, the researchers report. New York City removed them from most of their 862 public playgrounds in the 1980s and 1990s. While seven states have adopted the U.S. Consumer Product Safety Commission's safety guidelines for monkey bars into law, enforcement is difficult, the Dartmouth team found. Municipalities find it easier to just remove the structures.

"We share the concerns of parents, school administrators, and policymakers in wanting to make sure our kids are safe. However, we also must consider the long-term benefits of engaging in this type of play," Thayer says. "Risky play in which children challenge themselves is a normal part of our development, as it was for our ancestors."
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Summer storms are stronger and more frequent over urban areas | ScienceDaily
Summer storms are generally more frequent, intense and concentrated over cities than over rural areas, according to new, detailed observations of eight cities and their surroundings. The results could change how city planners prepare for floods in their cities, especially as urban areas expand and as climate change alters global weather patterns.


						
The new study finds that more storms form over urban areas and their boundaries than in surrounding areas, and that larger cities intensify rainfall more than smaller cities. The research was published in Earth's Future, an open-access AGU journal that publishes interdisciplinary research on the past, present and future of our planet and its inhabitants.

"Cities are expected to become more populated and increase in size in the coming decades," said Herminia Torello-Sentelles, an atmospheric scientist at the University of Lausanne and the study's lead author. "Being able to quantify urban flood risk is important for urban planning and when designing urban drainage systems."

The rain effect has been reported in studies of single cities, but the new research looked for trends and differences across multiple cities. Differences in urban rainfall patterns highlight the need to keep studying storm activity in cities across the globe, Torello-Sentelles said.

Taking cities by storm

Some storms have rain that falls evenly, like a sprinkler, while others drop rain in concentrated bursts, like a fire hose. The new study finds that cities can turn storms into fire hoses, dropping bursts of rainfall over small urban areas instead of spreading out the rain over a larger area. Those concentrated bursts of rainfall can exacerbate flood risks if city infrastructure cannot handle the deluge.

Most cities are producing more fire hose-like storms than rural areas. Cities are also spawning more storms than their surroundings, and bigger cities are generating stronger storms than smaller cities.




"It's not only intensity of rainfall that matters when you look at flood risk. It's also how it's distributed over space," Torello-Sentelles said. "If you have a very large amount of rainfall falling over a very small area, that can collapse the drainage system in an urban area."

Several factors could be causing urban storm creation and intensification, Torello-Sentelles said. Cities are generally warmer than their cool, moist and vegetation-dense surroundings, which could cause air to be drawn toward the cities and uplifted. That warm, uplifted air then condenses into rainclouds over urban centers.

Storms are also often formed as air is uplifted over mountain ranges, producing rain clouds at the mountains' peaks. Like mini mountain ranges, city skylines can create favorable environments for the uplift of airmasses and the creation of storms.

"You can think of a city like an obstacle," Torello-Sentelles said. "When a storm is moving toward it, the air can be lifted over and around it."

Aerosol pollution suspended in the atmosphere over cities may also either enhance or suppress rainfall.

The researchers used seven years of high-resolution weather data from eight cities in Europe and the United States (Milan, Italy; Berlin, Germany; London and Birmingham, United Kingdom; Phoenix, Arizona; Charlotte, North Carolina; Atlanta, Georgia; and Indianapolis, Indiana) to track summer storm formation and intensity in cities and their surroundings. The cities varied in size, climate and urban shape, but all are in relatively flat regions and far from large bodies of water -- factors which could influence local rainfall patterns.




The researchers tracked storm formation and evolution outside of and over cities and their boundaries, identifying the average direction, average intensity, maximum intensity and area of each storm.

They found that more storms overall formed over cities and their boundaries compared to nearby rural areas. Storms typically were most intense over city centers, or over the city edges as in Berlin and Birmingham. Larger cities had greater rainfall intensification than smaller cities: in smaller cities, rainfall intensified by 0.9% to 3.4%, while it increased from 5.2% to 11% in the largest cities compared to outlying areas. Some cities also had much higher rainfall intensification during specific times of the day.

Rainfall also became more spatially concentrated over urban areas by up to 15%. Concentrated bursts of rainfall can tax urban water management systems more than rainfall that is evenly distributed.

Strong storms increase urban flood risk

Increasingly large urban areas could generate and amplify more storms than their surroundings, even as climate change continues to intensify storms worldwide. The combined impact of urban growth and climate change could stress urban stormwater systems and lead to more frequent and severe floods.

While the researchers found some consistent trends across all cities, every city changed rainfall patterns in unique ways. For instance, while most of the cities had storms with stronger bursts of rainfall than their surroundings, Berlin and Charlotte had more dispersed rainfall. In Atlanta, storms intensified the most in the daytime hours, while storms in Birmingham only intensified overnight. And unlike the other six cities studied, Berlin and Phoenix did not have more storms initiate over the city than in surrounding areas.

These results highlight the need for individual city planning strategies and studies including more cities, Torello-Sentelles said. As the climate changes and the world urbanizes, individual cities will need to develop their own adaptation and mitigation strategies.

"We need to study a wider variety of cities so that we can generalize findings and determine which city characteristics have the largest effects on cities' rainfall-modifying potential," she said. "The mechanisms driving urban rainfall are quite complex, and we still need to research these processes more."
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Flightless parrot in New Zealand developed different feather colors to evade predatory birds | ScienceDaily
Aotearoa New Zealand's flightless parrot, the kakapo, evolved two different color types to potentially help them avoid detection by a now-extinct apex predator, Lara Urban at Helmholtz AI, Germany and colleagues from the Aotearoa New Zealand Department of Conservation and the Maori iwi Ngai Tahu, report in the open-access journal PLOS Biology, publishing September 10.


						
The kakapo (Strigops habroptilus) is a nocturnal, flightless parrot endemic to New Zealand. It experienced severe population declines after European settlers introduced new predators. By 1995 there were just 51 individuals left, but intense conservation efforts have helped the species rebound to around 250 birds. Kakapo come in one of two colors -- green or olive -- which occur in roughly equal proportions.

To understand how this color variation evolved and why it was maintained despite population declines, researchers analyzed genome sequence data for 168 individuals, representing nearly all living kakapo at the time of sequencing. They identified two genetic variants that together explain color variation across all the kakapo they studied. Scanning electron microscopy showed that green and olive feathers reflect slightly different wavelengths of light because of differences in their microscopic structure. The researchers estimate that olive coloration first appeared around 1.93 million years ago, coinciding with the evolution of two predatory birds: Haast's eagle and Eyles' harrier. Computer simulations suggest that whichever color was rarer would have been less likely to be detected by predators, explaining why both colors persisted in the kakapo population over time.

The results suggest that kakapo coloration evolved due to pressure from apex predators that hunted by sight. This variation has remained even after the predators went extinct, around 600 years ago. The authors argue that understanding the origins of kakapo coloration might have relevance to the conservation of this critically endangered species. They show that without intervention, kakapo color variation could be lost within just 30 generations, but it would be unlikely to negatively impact the species today.

Co-author and conservationist Andrew Digby adds, "By using a comprehensive genomic library for the species, we have explained how the current colour morphs of kakapo might be a result of pressure from extinct predators. Using genomics to understand the current significance of such characteristics is important as we seek to restore the mauri (life force) of kakapo by reducing intensive management and returning them to their former habitats."
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An antidiabetic helps the immune system recognize reservoirs of HIV | ScienceDaily
Researchers at Universite de Montreal's affiliated hospital research centre, the CRCHUM, say the discovery could help lessen and even eliminate viral loads in people undergoing antiretroviral therapy.


						
Metformin, a drug used to treat type 2 diabetes, could help deplete the viral reservoir and eliminate it entirely in people living with HIV who receive antiretroviral therapy, Canadian researchers say in a new study.

In 2021, a team led by immunologist Petronela Ancuta of Universite de Montreal's affiliated hospital research centre, the CRCHUM, showed that metformin, when taken for three months, improved patients' immunity and reduced the chronic inflammation usually associated with complications such as cardiovascular disease.

One reason these benefits are so effective is that metformin inhibits the activity of the mTOR (mechanistic target of rapamycin) molecule, which in turn slows down HIV replication in the cells of patients infected with the virus.

In the journal iScience, Ancuta and her student Augustine Fert, the study's first author and a recent Ph.D. holder, go further. They studied the molecular mechanisms of action of metformin on HIV replication in CD4 T lymphocytes, which are immune system cells that provide shelter for the virus.

In these reservoirs, HIV keeps on replicating, which contributes to the chronic inflammation by constantly activating the immune system.

"The results of our in vitro tests on cells from people living with HIV and treated with antiretroviral therapy caught us off guard at first," said Ancuta. "They were a bit surprising. We discovered that metformin had both a proviral and an antiviral effect. The drug helped boost the number of HIV-infected cells, while also stopping the virus from escaping the cell."

Antibodies to the rescue




Another benefit of metformin is that it overexpresses the BST2 protein, which acts as a kind of glue to keep virions clinging to the surface of HIV-infected cells. The immune system then spots them and can target them with antibodies.

"Together with my colleague Andres Finzi, we tested the ability of several broad-spectrum neutralizing anti-HIV antibodies to recognize viral reservoir cells after metformin exposure in vitro," said Ancuta. "Some of them recognized the virus very well, suggesting their ability to attract and trigger the destruction of infected cells by NK cells through a process of cellular cytotoxicity."

These recent scientific advances mean that the "shock-and-kill" eradication strategy, often used in the fight against HIV, can be foreseen in a different way, she added.

"In people living with HIV and treated with antiretroviral therapy, we could use metformin to reactivate the reservoir cells responsible for viral replication upon treatment interruption, in combination with antibodies that are already used clinically and well tolerated. These antibodies can then detect the rare infected cells and eliminate them."

In the next phase of her research, Ancuta plans to launch a clinical trial to validate her in vitro research results, in collaboration with Finzi and their CRCHUM colleague Nicolas Chomont, and Jean-Pierre Routy of the McGill University Health Centre Research Institute.

Before she can move forward with this strategy, she will test it in preclinical models.
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Due to humans, Salish Sea waters are too noisy for resident orcas to hunt successfully | ScienceDaily
The Salish Sea -- the inland coastal waters of Washington and British Columbia -- is home to two unique populations of fish-eating orcas, the northern resident and the southern resident orcas. Human activity over much of the 20th century, including reducing salmon runs and capturing orcas for entertainment purposes, decimated their numbers. This century, the northern resident population has steadily grown to more than 300 individuals, but the southern resident population has plateaued at around 75. They remain critically endangered.


						
New research led by the University of Washington and the National Oceanic and Atmospheric Administration has revealed how underwater noise produced by humans may help explain the southern residents' plight. In a paper published Sept. 10 in Global Change Biology, the team reports that underwater noise pollution -- from both large and small vessels -- forces northern and southern resident orcas to expend more time and energy hunting for fish. The din also lowers the overall success of their hunting efforts. Noise from ships likely has an outsized impact on southern resident orca pods, which spend more time in parts of the Salish Sea with high ship traffic.

"Vessel noise negatively impacts every step in the hunting behavior of northern and southern resident orcas: from searching, to pursuing and finally capturing prey," said lead author Jennifer Tennessen, a senior research scientist at the UW's Center for Ecosystem Sentinels, who began this study as a postdoctoral researcher with NOAA's Northwest Fisheries Science Center. "It shines a light on why southern residents in particular have not recovered. One factor hindering their recovery is availability and accessibility of their preferred prey: salmon. When you introduce noise, it makes it even harder to find and catch prey that is already hard to find."

Northern and southern resident orcas search for food via echolocation. Individuals transmit short clicks through the water column that bounce off other objects. Those signals return to orcas as echoes that encode information about the type of prey, its size and location. If the orcas detect salmon, they can initiate a complex pursuit and capture process, which includes intensified echolocation and deep dives to try to trap and capture fish.

The team -- which also includes scientists at Fisheries and Oceans Canada, Wild Orca, the Cascadia Research Collective and the University of Cumbria in the U.K. -- analyzed data from northern and southern resident orcas, whose movements were tracked using digital tags, or "Dtags." The cellphone-sized Dtags, which attach noninvasively just below an orca's dorsal fin via suction cups, collect data on three-dimensional body movements, position, depth and other environmental data including -- critically -- the sound levels at the whales' locations.

"Dtags are a critical innovation for us to understand firsthand the environmental conditions that resident orcas experience," said Tennessen. "They open a window into what orcas are hearing, their echolocation behavior and the very specific movements they initiate when they hunt for prey."

The researchers analyzed data from 25 Dtags placed on northern and southern resident orcas for several hours on specific days from 2009 to 2014. The team's deep dive into Dtag data showed that vessel noise, particularly from boat propellers, raised the level of ambient noise in the water. The increased noise interfered with the orcas' ability to hear and interpret information about prey conveyed via echolocation. For every additional decibel increase in maximum noise levels around orcas, the researchers observed:
    	An increased chance of male and female orcas searching for prey
    	A lower chance of females pursuing prey
    	A lower chance that both males and females would actually capture prey

Dtags also recorded "deep dive" hunting attempts by orcas. Out of 95 such attempts, most occurred in low or moderate noise. But six deep-hunting dives occurred in particularly loud settings, only one of which was successful.




The team found that noise had a disproportionately negative impact on females, who were less likely to pursue prey that had been detected during noisy conditions. Dtag data did not indicate the reason, though potential explanations include a reluctance to leave vulnerable calves at the surface while engaging prey in long chases that may not be fruitful, and the pressure for lactating females to conserve energy. Though southern resident orcas often share captured prey with one another, the impact of noise may contribute to nutritional stress among females, which previous research has linked to high rates of pregnancy failure among southern residents.

Reducing vessel speeds leads to quieter waters for the orcas. Both sides of the U.S.-Canada border include voluntary speed-reduction programs for vessels: the Echo Program, initiated in 2014 by the Vancouver Fraser Port Authority, and Quiet Sound, launched in 2021 for Washington state waters. But reducing noise is only one factor in saving southern resident orcas and helping northern residents continue to recover.

"When you factor in the complicated legacy we've created for the resident orcas -- habitat destruction for salmon, water pollution, the risk of vessel collisions -- adding in noise pollution just compounds a situation that is already dire," said Tennessen. "The situation could be turned around, but only with great effort and coordination on our part."

Co-authors on the paper are Marla Holt, Brad Hanson and Candice Emmons with NOAA's Northwest Fisheries Science Center; Brianna Wright and Sheila Thornton with Fisheries and Oceans Canada; Deborah Giles with Wild Orca and the UW's Friday Harbor Laboratories; Jeffrey Hogan with the Cascadia Research Collective; and Volker Deecke with the University of Cumbria. The research was funded by NOAA, Fisheries and Oceans Canada, the University of Cumbria, the Marie Curie Intra-European Fellowship, the University of British Columbia and the Natural Sciences and Engineering Research Council of Canada.
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Like father, like daughter | ScienceDaily
When they become fathers, men who have an unhealthy, high-cholesterol diet can cause increased risk of cardiovascular disease, or CVD, in their daughters, a University of California, Riverside-led mouse study has found.


						
The research, published in the journal JCI Insight, is the first to demonstrate this result seen only in female offspring.

CVD, the leading cause of death globally, is a group of disorders that affects the heart and blood vessels. Hypertension (high blood pressure) is a leading risk factor for CVD. In the United States, nearly 703,000 people died in 2022 from heart disease, the equivalent of one in every five deaths.

"It had been previously thought that sperm contribute only their genome during fertilization," said Changcheng Zhou, a professor of biomedical sciences in the School of Medicine and the study's lead author. "However, recent studies by us and others have demonstrated that environmental exposures, including unhealthy diet, environmental toxicants, and stress, can alter the RNA in sperm to mediate intergenerational inheritance."

Ribonucleic acid, or RNA, is present in all living cells. Bearing structural similarities to DNA, this nucleic acid is essential for most biological functions in living organisms and viruses.

"Men who plan to have children should consider eating a healthy, low-cholesterol diet and reducing their own CVD risk factors," Zhou said. "These factors appear to affect their sperm in influencing the health of their female offspring. Our study suggests the sperm passes this information to the next generation."

The study focused on atherosclerosis, a chronic inflammatory disease that is the leading cause of CVD. In atherosclerosis, plaque, a sticky substance made up of cholesterol, fat, and other substances in the blood, builds up in the walls of arteries. When the plaque hardens, it narrows the arteries, limiting blood flow to the body and reducing the supply of oxygen to tissues of vital organs.




Sperm contains an abundance of small non-coding RNA molecules, which are important for gene regulation and many cellular processes. When they are modified, their functions change significantly across various biological processes. The researchers found that the small RNA molecules in sperm of mice fed a high-cholesterol diet undergo alterations in response to exposure to the diet. They also found that the altered small RNA molecules can affect early gene expression in mouse embryonic stem cells.

Zhou explained that most studies have focused on the effects of maternal factors on offspring health. The impact of paternal exposures on offspring health has been largely overlooked, he said.

"It is challenging to study the impact of parental exposures on chronic disease development in their offspring because the experiments, in general, are time consuming and require more resources and careful planning," he said.

The researchers are not clear why only female offspring are affected with CVD. In their experiments, Zhou and his team fed male genetically engineered mice a high-cholesterol diet, which caused them to have hyperlipidemia, a disorder that, if left untreated, can lead to heart disease and stroke. These mice were then mated with female mice that were fed a regular, low-cholesterol diet. Their litter was also fed a low-cholesterol diet. The female offspring were found to have 2-3-fold increases in atherosclerosis.

"Our study contributes to understanding the etiology of chronic diseases originating from parental exposures," Zhou said. "We hope our findings stimulate investigations of the impact of paternal exposures on offspring cardiovascular health in humans."

Zhou was joined in the study by Rebecca Hernandez, Xiuchun Li, Junchao Shi, and Tejasvi R. Dave of UCR; Tong Zhou of the University of Nevada, Reno; and Qi Chen of the University of Utah, Salt Lake City.

The study was supported by grants to Zhou from the National Institutes of Health, or NIH. Hernandez was supported by an American Heart Association predoctoral fellowship. Dave was supported by a UCR mini grant for undergraduate research and creative activities.

To study sperm small RNA, the researchers used the PANDORA-seq method developed at UCR.
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Surprising hormone-related gene activity discovered in the early larval stage of the Malabar grouper | ScienceDaily
Researchers at the Okinawa Institute of Science and Technology (OIST)'s Marine Climate Change Unit and Marine Eco-Evo-Devo Unit have highlighted patterns of gene activation during Malabar grouper larval development, revealing an unusual early peak of activation of thyroid and corticoid genes during the early larval stage of these fish. Their paper, published in the journal eLife, is the first study to show that thyroid and corticoid genes are activated twice during larval development, once during the early larval stage and once during metamorphosis. This early activation has never been encountered in any fish species before, making the grouper case unique.


						
Groupers are meso-predators playing a crucial role in maintaining the balance and health of marine ecosystems. The Malabar grouper (Epinephelus malabaricus), known as Yaito-hata in Japanese, can grow up to 2 meters in length. However, their popularity and high economic value on the food market has led to overexploitation, with many species at risk of extinction. In response to this threat and to meet continued demand, grouper aquaculture farms have been established in Okinawa and other places in the world.

Grouper aquaculture in Okinawa 

"For me, the eco-culture aspect of this study was especially interesting; that these fish are being bred and sold here in Okinawa," Dr. Roger Huerlimann, lead author and molecular biologist in the Marine Climate Change Unit, said.

Research on breeding and raising young Malabar groupers began at the Ishigaki branch of the Okinawa Prefectural Fisheries and Ocean Research Center in 1992. The first successful breeding in Okinawa occurred in 1996. By 1997, the center had achieved the world's first large-scale breeding success, producing over 200,000 young fish. Currently, approximately 10 Malabar grouper fish farms operate in Okinawa.

RNA analysis reveals unusual hormone activation 

A genome is the complete set of genetic material in an organism. Scientists can study how a genome functions by examining the RNA produced by the genome under specific conditions or in certain cells -- a process called transcriptomic analysis. This allows them to identify which genes are activated at specific times during different developmental stages. The researchers examined how genes related to thyroid and corticoid hormones, as well as other biological processes, are expressed in the Malabar grouper during its larval development, which includes a very important step: metamorphosis.




After hatching, the larvae drift in the open ocean for about 60 days, before coming back to coastal environments. During this amazing journey, they experience a dramatic hormone-driven metamorphosis, including the regression of spines and the appearance of an adult-like pigmentation.

"Our genomic analysis clearly shows a high activation of thyroid and corticoid genes at the timing of metamorphosis. In groupers, metamorphosis corresponds with the appearance of an adult-like pigmentation and the disappearance of spines that the larvae have on the dorsal and pectoral fins," Dr. Huerlimann explained. "What was interesting is that we also found a surge in these genes at the very beginning of the larval development, which we've not seen before in other fish species."

Dr. Natacha Roux, a researcher at Centre de Recherches Insulaires et Observatoire de l'Environnement (CRIOBE) and former researcher in the Computational Neuroethology Unit at OIST, elaborated further: "We also measured thyroid hormone and corticoid levels in the larvae and saw an increase of both hormones at the beginning of the larval development, confirming the genomic analysis results. The reason of this activation is not known yet, but we hypothesize it may be linked to the development of larval spines, potentially helping in buoyancy and predator deterrence."

Both researchers emphasized that their findings were directly tied to the Motobu Town community's willingness to open their doors to the scientists, without which the project would not have been possible. This allowed the research team to set up a small laboratory in the Okinawa Prefectural Sea Farming Center for sampling and experiments.

Dr. Huerlimann aims to support sustainable aquaculture in Okinawa by helping local aquaculture farmers through his research: "Initially, our goal was to create a reference genome sequence as a foundation for further research," he explained. "But in the past three years, I've gone around talking to farmers to understand their challenges. Disease management is a significant issue, so I want to see how my research can help address this and other issues they face."
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Promoting horse welfare with an intestinal disease screening method | ScienceDaily
Researchers at the University of Jyvaskyla, Finland, are developing a promising method to support the diagnosis of inflammatory bowel diseases (IBD) in horses. Awareness of the prevalence of IBD in both humans and animals has increased in recent decades, and the need for effective and affordable diagnostic methods has become increasingly urgent. This study is the first to show an association between the gut microbiota composition and chronic types of IBD in horses.


						
Inflammatory bowel diseases (IBD) have become more common in both humans and animals. IBD is now a fairly common disease also in horses, causing serious welfare challenges such as weight loss, decreased performance, and pain-related behaviors. Symptoms can lead to premature retirement and even euthanasia of the horse. IBD is usually diagnosed by observing general symptoms and ultimately by endoscopy and examining a biopsy taken from the intestinal wall.

"Diagnosing IBD is also expensive for the owner and stressful for the horse, as it requires fasting, endoscopy and usually transportation to a horse hospital," explains Academy Research Fellow Silva Uusi-Heikkila from the University of Jyvaskyla. Furthermore, endoscopy is challenging because an adult horse has a long gastrointestinal tract and most of it remains unexplored during endoscopy for practical reasons.

Microbiota Composition Studied from Horse Fecal Samples

Researchers at the University of Jyvaskyla explored the opportunities to use the composition of the bacterial community, or microbiota, in horse fecal samples as a non-invasive diagnostic tool for IBD. Studies in other species, such as humans, have shown that the gut microbiota composition can be used to detect IBD and the progression of the disease. Based on this knowledge, researchers analyzed the microbiota composition of horse fecal samples to determine if that can indicate the presence of IBD.

"We observed differences in the composition of the gut microbiota between horses with IBD and healthy horses, explains Uusi-Heikkila. The relative abundances of certain bacterial groups were found to either increase or decrease in horses with IBD," she adds.

Artificial Intelligence Utilized in the Research

Using microbiota composition assessments, the researchers developed a machine learning model to predict IBD based on the microbiota species composition in fecal samples.




"This AI-based neural network model predicted IBD in the test samples with 100% accuracy," says Postdoctoral Researcher Tiina Savilammifrom the University of Jyvaskyla. The next step is to further test the model and to improve its performance with more samples, she adds.

Benefits of the New Diagnostic Method for Humans and Animals

The researchers' promising results suggest that in the future, analyzing the species composition of microbiota in fecal samples could become an accurate, cost-effective, and non-invasive method to support screening IBD in horses. This advancement could reduce the stress and financial burden associated with current diagnostic methods, benefiting both horses and their owners.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240910121042.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Methane emissions are rising faster than ever | ScienceDaily
The world has not hit the brakes on methane emissions, a powerful driver of climate change. More than 150 nations have pledged to slash by 30% this decade under a global methane pledge, but new research shows global methane emissions over the past five years have risen faster than ever.


						
The trend "cannot continue if we are to maintain a habitable climate," the researchers write in a Sept. 10 perspective article in Environmental Research Letters published alongside data in Earth System Science Data. Both papers are the work of the Global Carbon Project, an initiative chaired by Stanford University scientist Rob Jackson that tracks greenhouse gas emissions worldwide.

Atmospheric concentrations of methane are now more than 2.6 times higher than in pre-industrial times -- the highest they've been in at least 800,000 years. Methane emission rates continue to rise along the most extreme trajectory used in emission scenarios by the world's leading climate scientists.

The current path leads to global warming above 3 degrees Celsius or 5 degrees Fahrenheit by the end of this century. "Right now, the goals of the Global Methane Pledge seem as distant as a desert oasis," said Jackson, who is the Michelle and Kevin Douglas Provostial Professor in the Stanford Doerr School of Sustainability and lead author of the Environmental Research Letters paper. "We all hope they aren't a mirage."

More methane from fossil fuels, agriculture, and waste

Methane is a short-lived but highly potent greenhouse gas that comes from natural sources like wetlands and human or "anthropogenic" sources such as agriculture, fossil fuels, and landfills. During the first 20 years after release, methane heats the atmosphere nearly 90 times faster than carbon dioxide, making it a key target for limiting global warming in the near term.

Despite growing policy focus on methane, however, total annual methane emissions have increased by 61 million tons or 20% over the past two decades, according to the new estimates. Increases are being driven primarily by growth of emissions from coal mining, oil and gas production and use, cattle and sheep ranching, and decomposing food and organic waste in landfills.




"Only the European Union and possibly Australia appear to have decreased methane emissions from human activities over the past two decades," said Marielle Saunois of the Universite Paris-Saclay in France and lead author of the Earth System Science Data paper. "The largest regional increases have come from China and southeast Asia."

In 2020, the most recent year for which complete data are available, nearly 400 million tons or 65% of global methane emissions came directly from human activities, with agriculture and waste contributing about two tons of methane for every ton from the fossil fuel industry. According to the researchers, human-caused emissions continued to increase through at least 2023.

Assessing pandemic impacts

Our atmosphere accumulated nearly 42 million tons of methane in 2020 -- twice the amount added on average each year during the 2010s, and more than six times the increase seen during the first decade of the 2000s.

Pandemic lockdowns in 2020 reduced transport-related emissions of nitrogen oxides (NOx), which typically worsen local air quality but prevent some methane from accumulating in the atmosphere. The temporary decline in NOx pollution accounts for about half of the increase in atmospheric methane concentrations that year -- illustrating the complex entanglements of air quality and climate change.

"We're still trying to understand the full effects of COVID lockdowns on the global methane budget," said Jackson. "COVID changed nearly everything -- from fossil fuel use to emissions of other gases that alter the lifetime of methane in the atmosphere."

Quantifying humans' influence on methane from wetlands and waterways




The Global Carbon Project scientists have made an important change in their latest accounting of global methane sources and "sinks," which include forests and soils that remove and store methane from the atmosphere.

In previous assessments, they categorized all methane from wetlands, lakes, ponds, and rivers as natural. But the new methane budget makes a first attempt to estimate the growing amount of emissions from these types of sources that result from human influences and activities.

For instance, reservoirs built by people lead to an estimated 30 million tons of methane emitted per year, because newly submerged organic matter releases methane as it decomposes. "Emissions from reservoirs behind dams are as much a direct human source as methane emissions from a cow or an oil and gas field," said Jackson, who published a new book about methane and climate solutions titled Into the Clear Blue Sky: The Path to Restoring Our Atmosphere (Scribner) in July.

The scientists estimate that about a third of wetland and freshwater methane emissions in recent years were influenced by human-caused factors including reservoirs and emissions increased by fertilizer runoff, wastewater, land use, and rising temperatures.

After a summer when severe weather and heat waves have given a glimpse of the extremes predicted in our changing climate, the authors write, "The world has reached the threshold of 1.5C increases in global average surface temperature, and is only beginning to experience the full consequences."
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Developing bacteria to produce PET-like materials | ScienceDaily
Among various eco-friendly polymers, polyhydroxyalkanoates (PHA) stand out for their excellent biodegradability and biocompatibility. They decompose naturally in soil and marine environments and are used in applications such as food packaging and medical products. However, natural PHA produced to date has faced challenges meeting various physical property requirements, such as durability and thermal stability, and has been limited in its commercial application due to low production concentrations. In light of this, KAIST researchers have recently developed a technology that could play a crucial role in solving the environmental pollution problem caused by plastics.


						
KAIST (represented by President Kwang-Hyung Lee) announced on August 26th that a research team led by Distinguished Professor Sang Yup Lee from the Department of Chemical and Biomolecular Engineering, including Dr. Youngjoon Lee and master's student Minju Kang, has successfully developed a microbial strain that efficiently produces aromatic polyester* using systems metabolic engineering.

Aromatic polyester: A polymer containing aromatic compounds (specific carbon ring structures like benzene) and ester bonds.

In this study, the research team used metabolic engineering to enhance the metabolic flux of the biosynthetic pathway for the aromatic monomer phenyllactate (PhLA) in E. coli. They manipulated the metabolic pathway to increase the polymer fraction accumulated within the cells and employed computer simulations to predict the structure of PHA synthase and improve the enzyme based on the structure-function relationship.

Through subsequent fermentation optimization, the team achieved the world's highest concentration (12.3+-0.1 g/L) for the efficient production of poly (PhLA) and successfully produced polyester through a 30L scale fed-batch fermentation, demonstrating the possibility of industrial-level production. The produced aromatic polyesters showed enhanced thermal properties, improved mechanical properties, and potential for use as drug delivery carriers.

The research team also demonstrated that an exogenous phasin protein* plays a crucial role in increasing the intracellular polymer accumulation fraction, which is directly related to the economic feasibility and efficiency of non-natural PHA production. They improved PHA synthase using a rational enzyme design approach, predicting the three-dimensional structure of the enzyme through homology modeling (a method of predicting the three-dimensional structure of a new protein based on the structure of similar proteins) followed by molecular docking simulations (simulations that predict how well a monomer can bind to an enzyme) and molecular dynamics simulations (simulations that predict how molecules move and interact over time) to upgrade the enzyme into a mutant enzyme with enhanced monomer polymerization efficiency.

Exogenous phasin protein: Phasin is a protein related to PHA production, interacting with the cytoplasmic environment on the surface of granules of PHA, and playing a role in polymer accumulation and controlling the number and size of granules. In this study, genes encoding phasin proteins derived from various natural PHA-producing microorganisms were selected and introduced.

Dr. Youngjoon Lee, co-first author of the paper, explained, "The significance of this study lies in the fact that we have achieved the world's highest concentration of microbial-based aromatic polyester production using eco-friendly materials and methods. This technology is expected to play a crucial role in addressing the environmental pollution caused by plastics." Distinguished Professor Sang Yup Lee added, "This study, which presents various strategies for the high-efficiency production of useful polymers via systems metabolic engineering, is expected to make a significant contribution to solving climate change issues, particularly the recent plastic problem."

The research findings were published on August 21st in Trends in Biotechnology, published by Cell, an international academic journal.
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Innovative research unveils news path to ethanol production from CO2 | ScienceDaily

The article, entitled "Time-Resolved Operando Insights into the Tunable Selectivity of Cu-Zn Nanocubes during Pulsed CO2 Electroreduction," reveals how the team successfully used a combination of copper and zinc oxide to favor the catalytic reduction of CO2 into ethanol. Traditionally, this process has relied solely on copper-based catalysts operated under stationary reaction conditions, which do not ensure the best selectivity to ethanol. Pulsed CO2RR is known to change this but while it is a promising approach, the catalyst can suffer from stability issues due to the more demanding reaction conditions, which are detrimental to its performance.

This new research highlights the benefits of using pulsed electrochemical CO2 reduction (CO2RR) techniques. Moreover, the team discovered that by adding a zinc oxide shell to the copper oxide nanocubes, it is possible to increase the production of ethanol while minimizing unwanted by-products such as hydrogen. Especially it was possible to achieve similar, if not superior, results in ethanol production with respect to pure Cu catalysts, but with significantly less demanding reaction conditions. In the past, the oxidation process of the catalyst involved in pulsed CO2 reduction was found to lead to the loss of Cu atoms via oxidative dissolution in the liquid medium (electrolyte), reducing its effectiveness over time. On the contrary, the present study unveiled that a more durable electrocatalyst can be created by design through the deposition of a zinc oxide-coating on the copper nanocubes. Using the new catalysts, it is then the zinc component that primarily oxidizes, sparing the copper and thereby maintaining the catalyst's integrity and efficiency. This innovative approach therefore enhances the lifetime of the catalysts themselves under the dynamic reaction conditions optimized for the generation of alcohol products. The detailed information on the structure and composition of the catalytic material required for its optimization was obtained via operando Raman spectroscopy, a method with excellent sensitivity for the detection of adsorbed reaction intermediates.

This discovery not only supports the hypothesis that the metal oxidation state plays a crucial role in the reaction and that the active reaction species are created during the catalytic process, but also demonstrates a potential way to enhance the selectivity and efficiency of CO2 reduction to ethanol. It represents a significant step forward in understanding in the quest for sustainable energy solutions, offering a promising route for a green and cost-effective production of ethanol and other fuels from CO2.
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Researchers identify new tools for anti-Acinetobacter drug development and AMR preparedness | ScienceDaily
University of Liverpool researchers have engineered a library of strains that can be used to develop new antibacterial compounds to help address antimicrobial resistance (AMR) in Acinetobacter baumannii bacteria.


						
Acinetobacter baumannii (or A. baumannii) is a bacterial species commonly found in environmental settings such as water and soil. It is a known opportunistic pathogen that can cause serious infections, particularly in the bloodstream, urinary tract, lungs (resulting in pneumonia), or open wounds, especially in hospitalized or immunocompromised patients.

A. baumannii has been named as one of the top priority pathogens by the World Health Organization (WHO) and is the cause of most prevalent multi-drug resistant infections in healthcare settings. A. baumannii persists in hostile environments by readily forming biofilms -- clusters of microorganisms that stick to non-biological surfaces -- and utilising multiple resistance mechanisms to overcome exposure to antimicrobial agents and other environmental toxins. These properties have facilitated the global emergence of multiple drug-resistant and extremely drug-resistant phenotypes.

Described in a new study published in Antimicrobial Agents and Chemotherapy, the researchers have created the mutant strains using molecular engineering to insert various resistance motifs into A. baumannii bacteria.

The strains will facilitate the study of the pharmacodynamics and efficacy of anti-Acinetobacter compounds. This experimental platform is potentially useful for global preparedness to combat the ever-evolving threat of multi-and extremely drug-resistant A. baumannii infections.

Corresponding author Dr Vineet Dubey, Postdoctoral Research Associate at the University of Liverpool said: "This innovative approach offers a powerful tool to study the pharmacodynamics of novel therapeutics against A. baumannii. Our molecular constructs have demonstrated both stability and virulence in experimental models, ensuring robust and reliable data. The modularity of our system enables the exploration of emerging resistance mechanisms, including the ability to express multiple resistance genes, thereby facilitating the study of complex resistance networks in A. baumannii."
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Novel bone cancer therapy has 99% success rate, tests show | ScienceDaily
Bioactive glasses, a filling material which can bond to tissue and improve the strength of bones and teeth, has been combined with gallium to create a potential treatment for bone cancer.


						
Tests in labs have found that bioactive glasses doped with the metal have a 99 percent success rate of eliminating cancerous cells and can even regenerate diseased bones.

The research was conducted by a team of Aston University scientists led by Professor Richard Martin who is based in its College of Engineering and Physical Sciences.

In laboratory tests 99% of osteosarcoma (bone cancer) cells were killed off without destroying non-cancerous normal human bone cells. The researchers also incubated the bioactive glasses in a simulated body fluid and after seven days they detected the early stages of bone formation.

Gallium is highly toxic, and the researchers found that the 'greedy' cancer cells soak it up and self-kill, which prevented the healthy cells from being affected. Their research paper "Multifunctional Gallium doped bioactive glasses: a targeted delivery for antineoplastic agents and tissue repair against osteosarcoma" has been published in the journal Biomedical Materials.

Osteosarcoma is the mostly commonly occurring primary bone cancer and despite the use of chemotherapy and surgery to remove tumours survival rates have not improved much since the 1970s. Survival rates are dramatically reduced for patients who have a recurrence and primary bone cancer patients are more susceptible to bone fractures.

Despite extensive research on different types of bioactive glass or ceramics for bone tissue engineering, there is limited research on targeted and controlled release of anti-cancer agents to treat bone cancers.




Professor Martin said: "There is an urgent need for improved treatment options and our experiments show significant potential for use in bone cancer applications as part of a multimodal treatment.

"We believe that our findings could lead to a treatment that is more effective and localised, reducing side effects, and can even regenerate diseased bones.

"When we observed the glasses, we could see the formation of a layer of amorphous calcium phosphate/ hydroxy apatite layer on the surface of the bioactive glass particulates, which indicates bone growth." The glasses were created in the Aston University labs by rapidly cooling very high temperature molten liquids (1450 degrees C) to form glass. The glasses were then ground and sieved into tiny particles which can then be used for treatment.

In previous research the team achieved a 50 percent success rate but although impressive this was not enough to be a potential treatment. The team are now hoping to attract more research funding to conduct trials using gallium.

Dr Lucas Souza, research laboratory manager for the Dubrowsky Regenerative Medicine Laboratory at the Royal Orthopaedic Hospital, Birmingham worked on the research with Professor Martin. He added: "The safety and effectiveness of these biomaterials will need to be tested further, but the initial results are really promising.

"Treatments for a bone cancer diagnosis remain very limited and there's still much we don't understand. Research like this is vital to support in the development of new drugs and new methodologies for treatment options."
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Towards a better understanding of epigenetics and dynamic gene silencing and reactivation | ScienceDaily
One of the most fascinating discoveries in biology is that cells have mechanisms for dynamically regulating genetic expression. This ability to promote or restrict the transcription of specific genes without altering the DNA sequences themselves is essential to all forms of life, from single-cell organisms to the most complex plants and animal species.


						
While our understanding of these so-called epigenetic mechanisms is far from complete, remarkable progress has been made in this field with the understanding of the role of the Polycomb Repressive Complex 2 (PRC2). PRC2 is a protein that, in many plants, binds to specific DNA sequences called polycomb response elements (PREs) and applies a chemical mark to nearby histones (the structural support of DNA in the nucleus). Known as "trimethylation of H3K27 (H3K27me3)," this chemical modification prevents nearby genes from being converted into RNA and, in turn, into proteins, effectively silencing them. Despite this knowledge, however, scientists haven't yet understood how genes silenced by PRC2 can be turned back on.

In a recent study published in eLife, a research team from Nara Institute of Science and Technology (NAIST) in Japan sought to find answers to this puzzle. Led by Nobutoshi Yamaguchi, the team conducted extensive experiments on genetically modified Arabidopsis thaliana plants, revealing key parts of the complex epigenetic orchestra that goes on within these and many other organisms.

The researchers mostly focused on Set Domain-containing Protein 7 (SDG7), which is known to regulate the methylation of proteins in the cell cytosol (intracellular fluid). Preliminary experiments revealed that SDG7 is also present in the cell nucleus, which prompted the team to investigate further.

After an extensive series of analyses and measurements on mutant A. Thaliana cultures, the researchers uncovered a new role for SDG7. It turns out this protein also binds to PREs, competing with PRC2. Moreover, SDG7 can actually displace PRC2, preventing it from leaving the H3K27me3 mark. On top of this, SDG7 adds an active histone mark itself via the methylation of H3K36. After H3K36 methylation is in place, the protein pair SDG8 and Polymerase Associated Factor 1 (PAF1) spread this active mark across the gene's body, resulting in efficient gene activation.

In a way, the histone sites H3K27 and H3K36 can be interpreted as a "switch" that can dynamically turn on and turn off the expression of specific genes. "This simple and elegant antagonistic molecular switch between H3K27 and H3K36 methylation is ideally suited for epigenetic reprogramming during plant development," highlights Yamaguchi. "Since switching between H3K27 and H3K36 methylation has been seen in many flowering plants, the competitive mechanism between SDGs and PRC2 at PREs may be conserved across many plant species during for controlling development."

This study sheds light on the intricate epigenetic mechanisms that countless species of plants and animals may rely on, potentially paving the way for future breakthroughs in the agricultural, horticultural, and farming fields. "We believe our findings will be of broad general interest to plant biologists and epigeneticists, given the widespread role of epigenetic regulation in gene expression during development and environmental responses," concludes Yamaguchi.
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Study identifies areas of Europe at risk from dengue fever due to spread of Asian tiger mosquito | ScienceDaily
As Europe grapples with the growing threat of tropical diseases brought by the Asian tiger mosquito, a research breakthrough led by the UK Centre for Ecology & Hydrology (UKCEH) is enabling scientists to accurately predict towns across the continent where there is a high risk of dengue fever.


						
Global movement of people, trade and climate change, are now putting half the world's population are at risk of contracting dengue fever*. Commonly referred to as the 'bone breaker', the disease may cause severe muscle and joint pain, and in some cases can result in internal bleeding and death.

The spread of the Asian tiger mosquito (Aedes albopictus) has caused local outbreaks of dengue in France including Paris, as well as Italy and Spain, contracting the virus by biting returning travellers who were infected while abroad and then transmitting it to other people in the area.

Scientists expect this invasive mosquito species to eventually gain a foothold in the UK.

Improving disease prediction

Previous disease risk predictions indicated large regions, such as the whole of southern Europe, had a similar risk of local dengue cases over long timeframes, leaving local authorities uncertain whether their area was likely to be affected and action to prevent outbreaks was necessary.

But the UKCEH-led advanced high-resolution modelling divides Europe as well as eastern Asia and North America into 10km squares, providing daily risk assessments for each area. The new research involves a more detailed study of the entire life cycle of a mosquito, examining the impact of local climate and competition for food on species traits such as how long it lives and the number of eggs it lays. This provides more accurate assessments of where, when and for how long there are likely to be local dengue cases.




The new modelling has already correctly predicted the locations of several towns that have gone on to have their first dengue outbreaks this year including La Colle-sur-Loup, Baho and Montpellier-Perols in southern France, and Vila-seca, north-east Spain.

Dr Dominic Brass, an epidemiological modeller at UKCEH, who led the study, published in Nature Communications, says: "We predict that the parts of Europe most affected by dengue fever will continue to be southern France and northern Italy, due to a favourable climate, a stable mosquito population and the high number of travellers returning from tropical countries where the disease is prevalent.

"However, areas of risk are expanding northwards. Our ongoing research is modelling of the likely extent of future outbreaks in Europe under future climate change."

Guiding action

The study team, from UKCEH, University of Glasgow, University of Reading, and Biomathematics and Statistics Scotland, hopes its more accurate predictions will guide preventative measures in areas that are at risk of dengue outbreaks. Possible action includes checking areas where mosquitoes typically lay their eggs such as standing water, as happened at the Paris Olympics, as well as advising the public to protect themselves against bites.**

Study senior author Dr Steven White of UKCEH says: "Our novel modelling technique shows remarkable accuracy for identifying the seasonal patterns and mechanisms of the risk of dengue fever outbreaks, providing a valuable tool for authorities drawing up action plans to prevent and control the spread of the disease."

Rapid spread




In regions where Asian tiger mosquitoes are already established -- including 13 countries in Europe -- it is invaluable to know the times of year when there is greatest risk of a dengue fever outbreak, and how severe the risk is.

For other areas, it is useful to know what the disease risk would be if the species did arrive. This change can happen fairly quickly; Paris, for example, went from the first detection of the tiger mosquito in 2015 to having a dengue outbreak last year.

So far, the French capital is the most northerly place in Europe where there has been a local outbreak of dengue fever, and it also had a locally acquired (autochthonous) case of chikungunya disease in July after someone was bitten by an infected Asian tiger mosquito.

The UKCEH researchers say the modelling principles used in the dengue fever study can also be applied to other diseases transmitted by the tiger mosquito, such as chikungunya or Zika. They are currently drawing up risk maps for these diseases.

Asian tiger mosquito eggs have been found in south-east England, but the species has not yet become established in the UK. However, the research team warns this is likely to change in the future as the UK feels the effects of climate change.

*About dengue fever

Dengue is a viral infection for which there is no specific treatment, though symptoms can usually be treated by general medicines. Most people are either asymptomatic or have flu-like conditions but in some people get severe muscle and joint pain, and in some cases, it causes internal bleeding and can be fatal.

Since the beginning of 2024, over 12 million dengue cases and over 8,000 dengue-related deaths have been reported from 86 countries/territories, according to the ECDC. The total cases so far is already more than twice the number of cases reported throughout 2023

Globally, the disease is mainly spread by Yellow fever mosquito (Aedes aegypti), which transmits several viruses but is now largely absent from Europe.

Why are Asian tiger mosquitoes spreading?

Tiger mosquitoes are native to the tropical forests of south-east Asia but in the past 50 years have expanded their range to the Americas, Africa, the Middle East and Europe due the global movement of people and trade. Their eggs can become concealed within used tyres imported from Asia, and adult mosquitoes can be moved from one area to another by human transport.

A warmer climate in northern hemisphere countries means the mosquitoes' eggs are more likely to survive, thereby increasing populations, and hotter temperatures cause viruses to replicate faster.

What is being done to tackle the species and dengue fever?

Effective early diagnosis of conditions provides a warning about a local outbreak, so authorities can communicate the risks to the public.

**Personal measures to reduce the risk of bites include wearing clothes that cover most of the body as well as the use of mosquito repellent and screens over windows and doors. People in at-risk areas are advised be aware of potential mosquito breeding grounds, particularly standing water, including ensuring air conditioner drains are free of water, keeping bins covered to prevent them gathering rain and regularly changing water in birdbaths

Measures by local authorities to tackle dengue fever outbreaks when they occur include fumigation of potential mosquito breeding sites, open spaces and infected people's homes.

In Northern Europe, the focus is on preventing further expansion of Asian tiger mosquitoes through surveillance, particularly around container ports and other major goods corridors.
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Researchers develop innovative method to simplify manufacturing process of cellular ceramics | ScienceDaily
A study led by the School of Engineering of the Hong Kong University of Science and Technology (HKUST) has developed an innovative method that overcomes the limitations of traditional additive manufacturing (3D printing), significantly simplifying and accelerating the production of geometrically complex cellular ceramics. This groundbreaking approach has the potential to revolutionize the design and processing of multifarious ceramic materials, opening up new possibilities for new applications in energy, electronics, and biomedicine, including robotics, solar cells, sensors, battery electrodes, and bactericidal devices.


						
Cellular ceramics are widely used ceramic materials known for their stable performance, erosion resistance, and long service life. A research team led by Associate Professor YANG Zhengbao from the Department of Mechanical and Aerospace Engineering at HKUST designed a surface-tension-assisted two-step (STATS) processing strategy to fabricate cellular ceramics with programmed 3D cell-based configurations. This approach involves two key steps: (1) the preparation of cell-based organic lattices assisted by the additive manufacturing method to build the basic configurations, and (2) filling the precursor solution with the required constituent into the architected lattice.

One big challenge was controlling the liquid geometry. To address this, the team utilized surface tension, a natural phenomenon, to capture the precursor solution in architected cellular lattices. By leveraging the ability of surface tension to trap and pin fluids in prepared lattices, they successfully controlled the liquid geometry and managed to manufacture cellular ceramics with high precision.

The team further investigated the geometry parameters for the architected lattices assembled by unit cells and unit columns, both theoretically and experimentally, to guide the 3D fluid interface creation in arranged configurations. After drying and high-temperature sintering, the architected cellular ceramics were obtained. Using the new STATS approach, the ingredient synthesis was separated from architecture building, enabling the programmable manufacturing of cellular ceramics with various cell sizes, geometries, densities, meta-structures, and constituent elements. With high programmability, the method is applicable to both structural ceramics (e.g. Al2O3) and functional ceramics (e.g. TiO2, BiFeO3, BaTiO3).

To verify the superiority of the method, researchers also studied the piezoelectric performance of cellular piezoceramics. They found that the proposed approach could decrease the micropores and improve the local compactness in sintered cellular ceramics because of the significantly reduced organic component in the feedstock. This process benefits the manufacturing of globally porous and locally compact cellular piezoceramics, achieving a relatively high piezoelectric constant d33 (~ 200 pC N-1) even at a very high overall porosity (> 90%).

Prof. Yang revealed that the method was inspired by diatoms, which are algae commonly found in sediments or attached to solid substances in waters and serve directly and indirectly as food for many animals. Single-celled diatoms are distinctly characterized by their silica frustule, or external cell wall. Thanks to a genetically programmed biomineralization process, their frustules are constructed in highly precise structures that exhibit a variety of morphology, shape, geometry, pore distribution, and assembly.

"Our strategy overcomes the limitations of conventional manufacturing methods and enables the creation of programmable, geometrically complex ceramic architectures. This novel approach can help process numerous structural and functional cellular ceramics, contributing to applications involving filters, sensors, actuators, robotics, battery electrodes, solar cells, and bactericidal devices. Moreover, the philosophy of engineering fluid interface for solid fabrication also provides a new solution for combining interfacial processing with innovative manufacturing, enlightening the synergistic development of advanced design and intelligent materials," Prof. Yang elaborated.
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What's really 'fueling' harmful algae in Florida's lake Okeechobee? | ScienceDaily
Lake Okeechobee is the largest lake in Florida and the second largest in the Southeastern United States. Over the past two decades, blooms of blue-green algae (Microcystis) have emerged in the lake and have been flushed into nearby urban estuaries, causing serious environmental and public health issues.


						
Excess nutrients from industries, agriculture and urban development -- particularly nitrogen and phosphorus -- are well-known causes of harmful algal blooms worldwide. Historically, Lake Okeechobee has only been considered to be impaired for phosphorus, leading to targeted efforts aimed at reducing phosphorus runoff from agricultural sources in the watershed.

Now, new research marks a groundbreaking step in understanding and preserving this crucial ecosystem. Researchers from Florida Atlantic University's Harbor Branch Oceanographic Institute have conducted the first comprehensive sampling across the Lake Okeechobee Waterway in South Florida, which extends from the St. Lucie Estuary on the east coast to the Caloosahatchee River Estuary on the west coast.

To determine what's causing recent cyanobacterial blooms, researchers conducted two research cruises across the Lake Okeechobee Waterway and three sampling events of these blooms. They measured nitrogen isotopes in phytoplankton to see if human waste or fertilizers were involved.

Results of the study, published in the journal Harmful Algae, reveal that combatting harmful algal blooms in Lake Okeechobee requires managing both phosphorus and nitrogen, and that human waste played a role in influencing these Microcystis blooms. Findings also underscore the importance of rainfall and extreme rainfall events in driving these big blooms.

Inorganic nitrogen levels were elevated in urbanized estuaries and the Kissimmee River, which extends north through the Kissimmee Chain of Lakes to the greater Orlando area, and its water flows into Lake Okeechobee. Furthermore, the expanding urbanization in Orlando was identified as a contributing factor to the increasing prevalence of these blooms in Lake Okeechobee.

"Based on our study findings, strategies focused only on reducing phosphorus aren't sufficient," said Brian Lapointe, Ph.D., senior author and a research professor at FAU Harbor Branch. "To tackle toxic cyanobacterial blooms, we need to cut back on both nitrogen and phosphorus. Managing both nutrients is crucial because of their combined impact, which often lead to more severe and persistent harmful algal blooms. In urban areas like the St. Lucie and Caloosahatchee River watersheds, human waste is a major source of these nutrients."

Findings show key changes in Lake Okeechobee's algal conditions over the years. Nitrogen-to-phosphorus ratios, microcystins, and Microcystis cell counts in the lake are now higher than in previous decades. Phosphorus levels increased from 50 micrograms per liter in the mid-1970s to more than 100 micrograms per liter by the late 1990s. This rise in phosphorus supported the growth of harmful cyanobacteria like Dolichospermum, which began to outcompete other algae.




Sampling occurred from 2018 to 2021 and the cruises took place in 2019 and 2020. This approach provided a detailed, unified snapshot of conditions throughout the entire waterway at a single point in time or over a defined period, rather than isolated or sporadic sampling.

After the hurricanes of 2004-05, which led to significant losses in aquatic plants and fish, toxic Microcystis became more dominant in the lake during the warm, wet season from May to October. Similar major blooms occurred during 2013, 2016 and 2018. Because the research cruises took place in 2019 and 2020, which were relatively dry years, researchers did not observe any major Microcystis blooms in the St. Lucie or Caloosahatchee estuaries.

"It is during these rainfall events when major nitrogen loading occurs, which we now realize happened in 2013, 2016 and 2018," said Lapointe. "Big blooms appeared in the lake and estuaries following these extreme rain events."

Findings also show that the higher nutrients in the urbanized Caloosahatchee River Estuary and St. Lucie Estuary enhanced bloom formations in those locations. The nutrients -- ammonium, nitrate and phosphate -- are highly reactive, which is why the researchers observed thick "scum" on the water's surface in those estuaries.

"When water and Microcystis is released from Lake Okeechobee into the estuaries, the growth response is like 'Miracle Grow,'" said Lapointe. "We found the highest concentrations of ammonium, nitrate and phosphate in the estuaries. These nutrients are commonly associated with human waste. Specifically, we observed elevated nitrogen isotope levels, indicating that human waste is a significant source of this nitrogen."

Researchers also found significant variation in water conditions across different locations, affecting the spread and intensity of algal blooms. The biggest blooms were observed in the Pahokee Marina and Cape Coral, which were strongly affected by human waste.




"Evidence from the Florida Keys shows similar trends of nitrogen enrichment, and our research indicates that such changes may be happening throughout the entire watershed," said Lapointe.

Previously, water from the Lake Okeechobee watershed naturally flowed southward through the Everglades. However, changes to the water management system led to the creation of the Lake Okeechobee Waterway, which redirects lake water periodically. It is channeled eastward into the St. Lucie Estuary via the C-44 canal and westward into the Caloosahatchee River and Estuary through the C-43 canal.

"Microcystis blooms and their toxicity in Lake Okeechobee and the St. Lucie Estuary are influenced by nitrogen levels, and our study shows that nitrogen enrichment is increasing. It's crucial to reduce nitrogen to control harmful algal blooms along the lake's waterway and in the estuaries downstream," said Rachel Brewton, Ph.D., co-author and an assistant research professor at FAU Harbor Branch. "Given the high nitrogen load from the Upper Kissimmee River, cutting these inputs should be a top priority. Although Lake Okeechobee doesn't have a Total Maximum Daily Load established for nitrogen as it does for phosphorus, the St. Lucie and Caloosahatchee estuaries do, and recent plans for the lake's tributaries aim to address nitrogen reductions."

The impact of these blooms varies based on the size of the watersheds and the specific conditions of the receiving waters, such as their hydrology and chemistry.

"In the lab, we measured chlorophyll a, microcystins, and amounts of Microcystis and other phytoplankton by analyzing their cell concentrations and pigments in water samples," said Malcolm McFarland, Ph.D., co-author and an associate research professor at FAU Harbor Branch. "We used flow cytometry on water samples on board the research vessels to allow for analysis of live algal cells and avoid losses caused by preservation and storage."

Large lakes, rivers, estuaries and coastal areas are increasingly affected by these blooms, raising concerns that the growing frequency of harmful algal blooms and their associated toxins could further threaten drinking water supplies, recreational activities, tourism and fisheries in the future.

"These blooms don't only impact Florida's vital water resources but also have national implications for public health, environmental quality and economic well-being," said Lapointe. "Understanding these changes helps us address the challenges of safeguarding our waters and ensures clean, safe water for communities across the country."

This research supports the need for improved wastewater treatment and water storage north of Lake Okeechobee including the Lake Okeechobee Watershed Restoration Project and the Lake Okeechobee Component A Reservoir project spearheaded by the South Florida Water Management District.

Study co-author is Nicole Stockley, a former research engineer at FAU Harbor Branch.

This research was funded by the U.S. National Aeronautics and Space Administration (NASA) Water Resources Program (80NSSC19K1200). Additional support for this research was provided by the Florida Center for Coastal and Human Health, which was developed with a grant from and funded by the Harbor Branch Oceanographic Institute Foundation.
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Deserts' biggest threat? Flooding | ScienceDaily
A new study from the USC Viterbi School of Engineering researchers, along with researchers from the Institute de Physique du Globe de Paris at the University of Paris Cite, has found that the increase in soil erosion in coastal areas due to desertification is worsening flood impacts on Middle Eastern and North African port cities. The researchers focused their observations on the devastating 2023 floods in the city of Derna, Libya, which took the lives of more than 11,300 people and showed how the increase in soil erosion significantly contributed to the catastrophic toll of these unusual desert floods.


						
The research, published in Nature Communications, was published almost a year after the deadly flood happened on the September 10, 2023. The co-authors believe that their work sheds light on the alarming vulnerability that arid areas face given the rising frequency of extreme weather events due to climate change and the urgent need for advanced earth observations programs to monitor and characterize these areas.

Over the past decade, the North African Sahara, an area larger than the continental United States, has faced a dangerous combination of conditions; increasingly arid conditions which are interrupted by intense, coastal rainstorms. The source of such changes are as follows: increasing desertification has led to intensified droughts, and rainstorms in the region have increased in frequency due to the rising seawater temperature in the Eastern Mediterranean because of global warming. The paper's corresponding author, Essam Heggy, who is a research scientist in the Microwave Systems, Sensors, and Imaging Lab (MiXIL) within the Ming Hsieh Department of Electrical and Computer Engineering and a co-principal investigator at the USC Viterbi Center for Arid and Water Research Exploration (AWARE), says that together, these two extreme conditions are increasing soil erosion and generating deadly mud flows that are hard to control with the aging dams that exist in the area.

While some scholars believe that that droughts are the Sahara's deadliest threat, Heggy warns this is not the case. His collaborating paper,"Assessing flash flood erosion following Storm Daniel in Libya," he says, provides the evidence.

A year ago, in the Fall 2023, Storm Daniel also known as "Medicane Daniel" struck the eastern coast of Libya, causing unprecedented flash floods with a death toll of more than 11,300 people and large-scale infrastructure damages. (It has been suggested by the Yale Climate Connections that have flash floods of this nature have not been observed on the continent in over 100 years.)

The authors explain that Africa's deadliest flood in a century, which occurred in the desert, happened due to a combination of factors: unusually high precipitation, collapses in two flood control dams, and the failure of the city's "blue" or water infrastructure to regulate this extreme event. They suggest that sediment loading, resulting from surface erosion, increased the density of flowing water and exacerbated the catastrophic impact of the flash floods in the coastal cities of Derna and Susah, where 66% of Derna's, and 48% of Susah's urban surfaces experienced moderate-to-high damages.

Using a series of Sentinel-1A C-band orbital Synthetic Aperture Radar images, the researchers measured the changes in the returned signal coherence, which informed the changes in surface textural properties before and after the storm's occurrence. (These differences serve as a proxy for mapping flood erosion and assessing infrastructure damages.)

The researchers demonstrate that the flow within the streams was heavily loaded and thickened with eroded soils which increased the flow's destructive nature. This, in turn, contributed to the failure of two dams that were supposed to protect the city and residents of Derna.




Existing runoff flow models are valuable for estimating flood extents, says Heggy. However, he says they fall short of assessing surface erosion in deserts, which can have a devastating impact, as seen in Derna.

Radar satellites, Heggy says, overcome this limitation. "Improving the monitoring of arid watersheds using advanced radar satellites will be crucial for mitigating these devastating risks across several parts of the Sahara, Arabian Peninsula, and other deserts."

Jonathan Normand, a visiting graduate student at the USC AWARE Center and the first author of the paper says, "Today, you can post on social media from the middle of a desert thanks to the hundreds of communication satellites now orbiting Earth. Yet, researchers are still left with a limited number of satellites to grasp the complexities of Earth's dynamics and surface processes in deserts."

"The sequence of events that happened in Libya is one that can happen in many populous areas across North Africa and the Arabian Peninsula," warns Heggy and colleagues in a parallel study carried out with researchers from Morocco and Spain.

There are also added risk factors, notes Heggy: Storms are getting stronger, and cities are getting more populous and less organized in terms of policies to reduce development and increase disaster preparedness.

"The deadly floods of Derna's shows that regional policymakers in the Middle East and North Africa are not yet sufficiently listening to science, although the last two climate change conferences were hosted in the region. The deadliest enemy ahead is our own belief that these extremes are punctual events that will not repeat. Climate models tell us that they will hit back even stronger."
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Grim statistics on koala survival odds | ScienceDaily
Records of koala admissions to veterinary hospitals in South East Queensland shows euthanasia was the most common outcome, according to University of Queensland research.


						
PhD candidate Renae Charalambous and colleagues at UQ's Faculty of Science analysed the records of more than 50,000 koala sightings and hospital admissions between 1997 and 2019.

"Diseases like chlamydia make up almost 30 per cent of vet hospital admissions, followed by a multitude of threats stemming from habitat loss, including dog attack and motor vehicle strike," Ms Charalambous said.

"Only 25 per cent of koalas rescued and admitted to hospital went on to be released into suitable habitat.

"Many of the animals died before arriving at a vet hospital and those that did make it were often euthanised on the grounds of welfare, despite vets and carers doing their best to save them."

Koalas who'd been hit by cars made up nearly 20 per cent of overall admissions but were four times more likely to be found dead than treated by a vet and released.

"Those that made it to an animal hospital after car strike were almost three times more likely to be euthanised than released," Ms Charalambous said.




"Seven percent of the koalas admitted to hospital had been attacked by dogs but were twice as likely to be found dead, and if they were taken into care alive, they were twice as likely to be euthanised than released.

"These are pretty grim statistics so the future for koalas looks bleak."

The study also found adults, females, and those with chlamydia were at higher risk of being euthanised than released.

In February 2022, the conservation status of the iconic marsupial was changed from vulnerable to endangered in Queensland, after estimates their numbers had halved over the last decade.

Ms Charalambous said understanding these distinctive challenges was important to informing future conservation plans for east coast koalas.

"It's not too late to restore the region's healthy koala populations and this is a great opportunity to holistically address and minimise the threats they face," she said.

"I hope this research sheds light on policy gaps so decision makers can target intervention strategies to save the koalas we have left."

Ms Charalambous acknowledges the valuable contributions of UQ's Dr Kris Descovich and Dr Edward Narayan to the research.
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Framing climate action as patriotic and status-quo friendly increases liberals' and conservatives' belief in climate change | ScienceDaily
Conservatives and liberals may be at odds in their views on environmental issues, but a new psychology study shows that framing the need to address climate change as patriotic and as necessary to preserve the American "way of life" can increase belief in climate change and support for pro-environmental policies among both groups.


						
"Framing climate change action as a way to protect and preserve patriotic values and familiar ways of life can improve climate awareness and motivate action across the American political spectrum," says Katherine Mason, a New York University doctoral student and the lead author of the study, which appears in the Proceedings of the National Academy of Sciences (PNAS). "This approach encourages people to see climate action as a way to celebrate and sustain cherished cultural traditions, rather than having to relinquish or replace them."

The findings, which stem from an experiment involving 50,000 participants across 60 countries, showed such messaging had similar, though smaller, effects among liberals in some nations, including France and Chile, and among conservatives in Israel and Chile. However, it backfired among conservatives in other nations -- notably, Belgium, Germany, and Russia.

Overall, the results are at odds with much of today's pro-environment messaging, which often centers on doomsday scenarios, overhauling our socioeconomic system, or radically altering our consumption habits.

"It is crucial to avoid triggering...existential threats, insofar as these can motivate system defensiveness and backlash against pro-environmental initiatives," write the authors, who also included John Jost, a professor in NYU's Department of Psychology, and Madalina Vlasceanu, an NYU assistant professor at the time of the study and now at Stanford University.

In the PNAS study, participants were informed they would be asked to read some information, report on their beliefs and behaviors, and write a small paragraph. To ensure a common understanding of climate change, they were given the following definition: "Climate change is the phenomenon describing the fact that the world's average temperature has been increasing over the past 150 years and will likely be increasing more in the future."

Participants assigned to the control condition then read a literary passage from Charles Dickens' 1861 novel Great Expectations, which made no references to the climate. In the "framing" condition, participants read a message aimed at increasing feelings of connection to the existing social system, linking the nation's "way of life" to natural and cultural traditions and communicating that climate change poses a threat that requires patriotic, pro-environmental action to "protect and preserve" the national heritage "as it should be." The message, which was accompanied by photographs of cities, natural resources, people, and flags, was tailored to include country-specific terms.




Participants in the control and framing conditions were then asked to answer questions pertaining to belief in climate change, support for pro-environmental policies, and willingness to share climate information on social media.

Among US participants, those who read the patriotic/status quo message showed increased belief in climate change, more support for pro-environmental policies, and a greater willingness to share climate information on social media relative to the control group. Moreover, this message was similarly effective for conservatives and liberals.

"Climate change is a challenge that must urgently be tackled," says Mason. "Our approach tested the ways to communicate information about climate change that resonates with people's pre-existing values and beliefs. Crucially, these results suggest that messages aligning with preferences maintaining the status quo may improve climate awareness and action among not only conservatives -- whose attitudes are most in sync with such messages -- but also among liberals."

In the paper, the researchers offer a detailed analysis of findings from other nations, outlining similarities and differences from the US sample and possible reasons for them.

Katherine Mason was supported by the National Science Foundation Predoctoral Award at the time the research was conducted (DGE-2234660).




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240909160337.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Iron was life's 'primeval' metal | ScienceDaily
Every living organism uses tiny quantities of metals to carry out biological functions, including breathing, transcribing DNA, turning food into energy, or any number of essential life processes.


						
Life has used metals in this way since single-celled organisms floated in Earth's earliest oceans. Nearly half of the enzymes -- proteins that carry out chemical reactions in cells -- within organisms require metals, many of which are transition metals named for the space they occupy in the periodic table.

Now, a team of scientists from the University of Michigan, California Institute of Technology and University of California, Los Angeles, argue that iron was life's earliest, and sole, transition metal. Their study is published in the Proceedings of the National Academy of Sciences.

"We make a radical proposal: Iron was life's original and only transition metal," said Jena Johnson, assistant professor in the U-M Department of Earth and Environmental Sciences. "We argue that life only relied on metals that it could interact with, and the iron-rich early ocean would make other transition metals essentially invisible."

To probe this idea, Johnson joined UCLA professor Joan Valentine and Caltech researcher Ted Present.

A bioinorganic chemist, Valentine became interested in how earliest life evolved from being microscopic to the proliferation of complicated organisms there are today. Specifically, she wondered what metals were incorporated into enzymes during early life so that organisms could carry out necessary life processes. Repeatedly, she heard other researchers say that for the first half of Earth's history, the oceans were full of iron.

"You have to understand that in my field of biochemistry and bioinorganic chemistry, in medicine and in life, iron is a trace element. These are elements that are present only in small amounts," Valentine said. "When these guys told me that iron wasn't a trace element, that blew my mind."

Johnson, whose group studies iron formations and early ocean biogeochemistry, and Present were familiar with geologic evidence suggesting that early oceans were rich in iron -- specifically, an ion of iron called Fe(II). Fe(II) can be readily dissolved in water and would have been the primary metal found in oceans during the Archean Eon, a geologic time period that began about 4 billion years ago and ended about 2.5 billion years ago.




The end of the Archean Eon was marked by something called the Great Oxygenation Event. At this time, life evolved the ability to perform oxygen-producing photosynthesis. Over the next billion years, Earth's ocean transformed from an iron-rich, anoxic sea to today's oxygenated body of water, according to the researchers. This also oxidized Fe(II) into Fe(III), rendering it insoluble.

While Johnson and Present said geologists knew of iron's ubiquity on Earth during this time, it wasn't until they began talking with Valentine that they realized how great an impact iron might have had on early life.

To examine the potential impact, Present designed a model that updated predictions of the concentrations of certain metals, including iron, manganese, cobalt, nickel, copper and zinc, that could have been available in Earth's oceans when life began. The group was able to estimate the maximum concentration and availability of these elements for earliest life, he said.

"The thing that changed most dramatically as the Great Oxygenation Event occurred was not really the concentration of these other trace elements," Present said. "The thing that changed the most dramatically was a decrease in dissolved iron concentrations. The implications for what that meant for life and how it 'sees' elements in water hadn't really been wrestled with."

Once the group had determined what metals were available in early oceans, they explored which metals that simple biomolecules would bind to in these iron-rich solutions.

"We realized iron would have to do almost everything," Johnson said. "Biomolecules could capture magnesium and iron, but zinc's not getting in -- maybe nickel can get into some biomolecules in the right circumstances, but zinc's not competitive. Cobalt is invisible. Manganese is pretty invisible. This order of magnitude difference in the concentration of iron in oceans had this really tangible effect on what biomolecules can 'see' and bind from the environment."

To determine whether iron would work in metalloenzymes that currently rely on other metals, Valentine and Johnson dug into scientific literature to find out how life uses certain metals today. In each instance, they found examples of how iron or magnesium could be substituted in instead. While a metalloenzyme might use a certain kind of metal, such as zinc, they found that doesn't mean it's the only metal the enzyme can use.




"Zinc and iron is a really dramatic example because zinc is absolutely essential for life now," Valentine said. "The idea of life without zinc was really hard for me to think about until we dug into this and realized that as long as you have no oxygen around to oxidize your iron from Fe(II) to Fe(III), iron is often better than zinc in these enzymes."

Present said that once iron oxidized and was no longer as biologically available as it was before the Great Oxygenation Event, life had to find other metals to plug into its enzymes.

"Life, in the face of orders of magnitude more iron than other metals, couldn't know to evolve toward such a sophisticated way of managing them," Present said. "The fall of the abundance of iron forced life to manage these other metals to survive, but that also enabled new functions and the diversity of life we have today."
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Cattle raised by Maasai farmers aren't the conservation villains they've been made out to be, study finds | ScienceDaily
Bilal Butt knows how it sounds. The associate professor of sustainability and development at the University of Michigan understands that arguing to let cattle graze in a national park offends the sensibilities.


						
However, his team's research, published in the journal Proceedings of the National Academy of Sciences, and generations of knowledge from the Indigenous Maasai people of Kenya back it up.

The Maasai's pastoral practices had almost no discernible positive or negative effect on the ecological well-being of the Maasai Mara National Reserve.

This is important context for land that welcomes tourists while excluding Indigenous farmers, sometimes violently, said Butt, who works at U-M's School for Environment and Sustainability, or SEAS. He hopes his team's work will help reshape how people think about who gets to use land, for what, and where the beliefs that we use to answer those questions come from.

"There's this idea that seeing cows in the 'wilderness' is unnatural," Butt said. "But what's more unnatural: the people on safari in their 4-wheel drive Land Cruisers or cows eating grass?"

The Maasai Mara National Reserve was established to protect wildlife, yet it has seen populations shrink among its large, iconic herbivores, including zebras, impalas and elephants, over the last few decades.

Researchers and conservationists identified the Maasai practice of grazing their cattle on the protected land as a driver of those declines. Butt, however, has questioned the contexts under which these claims are made.




Throughout his education and training, he had seen how prevailing conservation theories and practices omitted the ancestral knowledge of people who had lived on the land long before the reserve was established in 1961.

"The more I learned, the more I came to reject what I was hearing," Butt said. "The knowledge wasn't coming from the people who lived here. It was coming from the Global North with very little knowledge of how the Maasai raise livestock and interact with the environment."

With support from a National Science Foundation CAREER Award, Butt and his team have been working to help assert this neglected knowledge's place in conservation science and policy. Too much of that has relied on interpreting experiments designed to approximate the real world at the expense of studying what was happening, he said.

"People always say the livestock are bad, but where is this idea coming from? It's coming from research that doesn't accurately understand how Indigenous people and their livestock interact with the landscape," Butt said. "We wanted to do something that was based in their lived reality."

For their latest publication, Butt and Wenjing Xu, who was a postdoctoral researcher at SEAS, focused on measuring and quantifying the impact of the Maasai's cattle grazing practices.

To do that, they surveyed 60 sites on the reserve every month for 19 months, making observations about cattle, wildlife, vegetation and soil. They also used ecological and statistical models to thoroughly quantify the impact of grazing cattle on these ecological features.




The work confirmed that cattle and large wild herbivores shared the same spaces, especially near the reserve's boundary. But the cattle's direct, measurable effect on the park's land and large herbivores was minimal.

Of the 11 species Butt and Xu studied, only buffalo showed evidence of being displaced by cattle and that effect was small enough to be characterized as "negligible."

Furthermore, although cattle perturbed soil quality and vegetation quantity, the effects were smaller than those from the natural activity of wild herbivores.

"There's a rush to criticize local people and what they do as necessarily detrimental. But that's not the case," Butt said. "If you think about this holistically -- one that looks at the issue ecologically, historically and culturally -- it's a very different message than the one we've been hearing. It's not about doom and gloom. It's about sustainability."
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Green hydrogen: MXenes shows talent as catalyst for oxygen evolution | ScienceDaily
The MXene class of materials has many talents. An international team led by HZB chemist Michelle Browne has now demonstrated that MXenes, properly functionalised, are excellent catalysts for the oxygen evolution reaction in electrolytic water splitting. They are more stable and efficient than the best metal oxide catalysts currently available. The team is now extensively characterising these MXene catalysts for water splitting at the Berlin X-ray source BESSY II and Soleil Synchrotron in France.


						
Green hydrogen is seen as one of the energy storage solutions of the future. The gas can be produced in a climate-neutral way using electricity from the sun or wind by electrolytic water splitting. While hydrogen molecules are produced at one electrode, oxygen molecules are formed at the other. This oxygen evolution reaction (OER) is one of the limiting factors in electrolysis. Special catalysts are needed to facilitate this reaction. Among the best candidates for OER catalysts are, for example, nickel oxides, which are inexpensive and widely available. However, they corrode quickly in the alkaline water of an electrolyser and their conductivity also leaves much to be desired. This is currently preventing the development of low-cost, high-performance electrolysers.

MXene as catalysts

A new class of materials could offer an alternative: MXenes, layered materials made of metals, such as titanium or vanadium, combined with carbon and/or nitrogen. These MXenes have a huge internal surface area that can be put to fantastic use, whether for storing charges or as catalysts.

An international team led by Dr Michelle Browne has now investigated the use of MXenes as catalysts for the oxygen evolution reaction. PhD student Bastian Schmiedecke chemically 'functionalised' the MXenes by docking copper and cobalt hydroxides onto their surfaces. In preliminary tests, the catalysts produced in this way proved to be significantly more efficient than the pure metal oxide compounds. What's more, the catalysts showed no degradation and even improved efficiency in continuous operation.

Measurements at BESSY II

Measurements at the BESSY II X-ray source, with Namrata Sharma and Tristan Petit, showed why this works so well: "We were able to use the Maxymus beamline there to find out how the outer surfaces of the MXene samples differ from the inside," explains Schmiedecke. The researchers combined scanning electron microscopy (SEM/TEM), X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), X-ray transmission microscopy (STXM) and X-ray absorption near-edge structure (XANES) to gain further insights into the material.

Outlook: observation under continuous load

"We have been able to show that MXenes have great potential for use as catalysts in electrolysers," says Michelle Browne. The collaboration with partner teams from Trinity College, Dublin, Ireland, and the University of Chemistry and Technology, Prague will continue. In addition to further chemical variations of MXene catalysts, the team also plans to test such catalysts in conventional electrolysers in continuous operation.
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New research illuminates the impact of surface properties on bacteria movement | ScienceDaily
As bacteria continue to become more resistant to antibiotics, it will be harder to treat bacterial infections, leading to more severe illnesses, longer hospital stays, and higher mortality rates.


						
As an undergraduate student at Virginia Tech, Megan O'Hara had a unique opportunity to study how bacteria move across surfaces -- a process known as twitching motility -- working under the mentorship of Zhaomin Yang, professor of biological sciences. This movement allows bacteria to rapidly colonize new surfaces including those of tissues and medical implants.

The findings of O'Hara's two-year research efforts led to the surprising discovery of the key role surface properties play in either enabling or preventing this movement. The study was recently published in mSphere, the primary open access journal by the American Society for Microbiology.

Twitching is powered by tiny structures called type IV pili (T4P). They are part of the weaponry of certain bacteria that allow them to infect and cause harm to humans. Unlike other forms of bacterial movement, such as swimming or swarming, twitching motility occurs on solid or semi-solid surfaces. Twitching motility is a form of motility associated with many bacteria that possess T4P, and some of these bacteria are antibiotic resistant.

The visualization of twitching motility via crystal violet stain. Photo courtesy of Megan O'Hara.

"We want to work with these pathogens that have high rates of antibiotic resistance, such as the ones determined by the World Health Organization, because they pose an increased risk to human health," said O'Hara, lead author of the study and who graduated in 2024 with a bachelor's degree in microbiology.

The World Health Organization cites antibacterial resistance as a top 10 threat for global health with an estimated 1.27 million deaths in 2019 directly attributed to drug-resistant infections globally. This number is predicted to rise to 10 million by 2050 if nothing intercedes this pace.




"Combating antibiotic research is really important and a hot area of research right now," O'Hara said. "And one way you can accomplish this is instead of killing the bacteria, you take away its weapons and armor such that they can no longer colonize or do harm to our body. They become losers in competition with the good bacteria that normally inhabit our body."

The study revealed an unexpected discovery as the researchers were able to determine that the function of T4P in motility was dependent on the properties of a surface. Their research indicated that bile salts and other detergents enhance bacterial twitching by changing the surface to be hydrophilic instead of affecting the biology of the bacterium. In other words, by manipulating the surface properties, the functionality of the T4P may be altered.

Megan O'Hara graduated in May after double majoring in microbiology with a dual degree in biomedical biological sciences and a minor in chemistry. In addition to receiving two awards from the Department of Biological Sciences, she was a Virginia Tech Presidential Scholar. Photo courtesy of Megan O'Hara.

"Learning about T4P is really important because it is what we call a critical virulence factor," O'Hara said. "And why we call it critical is because in many species, once you delete the T4P, the bacteria can no longer cause an infection."

O'Hara is now a first-year Ph.D. student in the biomedical sciences program at University of California San Diego. As an undergraduate and Virginia Tech Presidential Scholar, she received two awards from the Department of Biological Sciences, including the Buikema and Galway Undergraduate Research Award and the David Lyerly Summer Fellowship.

"I am proud of Megan's accomplishment as an undergraduate at Virginia Tech," said Yang. "She is the undergraduate of a professor's dream, smart, driven and independent. It is extraordinary to have an undergraduate as the leading author of a primary research paper."

The study was supported by the National Science Foundation and a pilot grant from the Center for Emerging Zoonotic and Arthropod-borne Pathogens at Virginia Tech, of which Yang is an affiliated faculty member.
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Giant fanged frog went unrecognized in Philippines because it was nearly identical to even larger species | ScienceDaily
Researchers from the University of Kansas have published findings in the journal Ichthyology & Herpetology describing a new species of fanged frog, named Limnonectes cassiopeia, from the Philippine island of Luzon.


						
Surprisingly, specimens of the new species have been collected a dozen times over the last 20 years, but all were mistakenly thought to be the juvenile version of the well-known, nearly identical (but not too closely related, it turns out) Luzon Giant Fanged Frog.

"They're called that because the males of some species have large, bony protuberances, like fangs, in their lower jaw -- it's pretty unique," said lead author Mark Herr, doctoral student at KU's Biodiversity Institute and Natural History Museum. "It's still a bit of a mystery, but it's become generally assumed that these fangs are used for male-to-male combat. The males' fangs are much larger than the females. These males have big heads, and a lot of these frogs can be huge -- some as large as chickens elsewhere in Southeast Asia."

At first, Herr identified Limnonectes cassiopeia while conducting a larger genetic survey of all Philippine fanged frogs, which includes a little over a dozen known species.

"I sequenced many of them to establish a good genetic dataset, allowing me to examine their patterns of relatedness," Herr said. "Many species were originally described, over the last century and a half, based solely on their physical appearance -- before modern genetic analysis was available. In Luzon, there were two known species of fanged frogs: Limnonectes macrocephalus, the large one, and a medium-sized one called Limnonectes woodworthi. However, I discovered a different group next to macrocephalus that appeared in the genetic data as a distinct branch."

Finding this third, previously unknown species in the fanged frog genetic data prompted Herr to begin physical scrutiny of museum specimens, bolstered and guided by the attention-grabbing genetics. He hoped to see if he could tell any part of their morphology apart from the Luzon Giant Fanged Frog, because the genetic analysis suggested they'd evolved rather independently.

Luckily, extensive work in the Philippines by Herr's KU faculty mentor Rafe Brown and previous generations of KU researchers meant there was an abundance of specimens at the KU Biodiversity Institute and Natural History Museum. Brown served as a co-author on the new paper along with KU master's student Hannah Som.




"I verified my genetic work to ensure there were no mistakes, and there were none," Herr said. "This led me to examine all the Limnonectes specimens from Luzon at the museum. We have hundreds of these frogs, and I carefully compared the 19 that had appeared in the new genetic cluster to those from the main cluster."

In straining to distinguish between physical traits of the two species, Herr said it was made easy to understand how they could be confused as the same species.

"I'm a herpetologist, I spend a lot of time looking at frogs -- I looked at these things for a couple of weeks, just staring at them, trying to see if I could see something, and I couldn't," Herr said. "I couldn't see any major difference. It's not like one group is conspicuously colored, or visibly striped and the other isn't."

Herr began detailed measurements of the fanged frog specimens.

"We have a bunch of standardized measurements that are designed to find differences between populations -- to see if differences reflect patterns of speciation," Herr said. "I ran comparisons among the populations, began to suspect they might represent different species, and then I delved further, with detailed comparisons of different characters against each other."

Finally, Herr arrived at his "big breakthrough" when he discovered the genetically distinct species all had smaller toe discs -- and they were white.




"The discs are important," Herr said. "Statistically, in comparison to their body size, they may have smaller toe pads. So, I took all the genetically identified specimens back out again and found the key character -- a simple physical trait that anyone can assess in the wild. If they catch one of these frogs, they can flip it over and tell right away. Not only are the toe pads smaller, but they're white. They're pale, completely unpigmented, which sets them apart from the primary species, Limnonectes macrocephalus, which has dark gray pigmented toe pads."

Herr said the unnoticed detail is even more remarkable because the frogs' home island is more densely populated than Great Britain.

"People from Luzon have been catching these frogs -- the whole group -- for 100-plus years," he said, adding they are part of the diet of several indigenous groups. "They have these white discs. ... but I thought: Who would look at that? Who would think about it? Because we have these genetic resources, I now know there's something different about these frogs. I knew I should go see if that's real. The frogs are genetically divergent; so, I thought, let's see if this single trait corresponds to a major difference in their overall physical makeup, their size and shape  -- the way the frogs appear in physical space."

Indeed, Herr was reminded of the five-star constellation Cassiopeia by the new species' five white toepads, naming the new species Limnonectes cassiopeia.

Another major difference became apparent to Herr in time -- the new Limnonectes cassiopeia species developed its characteristic big head earlier in its development, from juvenile to adult, than Limnonectes macrocephalus.

"Obviously, the giant macrocephalus frogs overlap in size because they all start out really tiny, and you wouldn't be able to tell," he said. "You'd just think these are all juvenile macrocephalus -- that's what everyone who had caught one had thought for the last 25 years. But I did some measurements to determine that once the males start to reach sexual maturity, they get these big, wider heads and develop huge fangs. Sometimes, when we consider their use of fangs for combat, we see some big male Limnonectes with scars on their heads, presumably injuries from fighting. And my analysis showed that the big heads start to show up on this new genetic cluster at an overall body smaller size."

Now that the new species has been recognized, Herr hopes to learn more about its behavior in the wild and how it differs from Limnonectes macrocephalus.

"Now that we know they're different, we can go out and watch them and study their natural history and detail. Maybe they're doing something totally different in the wild, you know?" he said. "That's exciting for me."
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With AI, extreme microbe reveals how life's building blocks adapt to high pressure | ScienceDaily
An assist from a Google Artificial Intelligence tool has helped scientists discover how the proteins of a heat-loving microbe respond to the crushing conditions of the planet's deepest ocean trenches, offering new insights into how these building blocks of life might have evolved under early Earth conditions.


						
The findings, newly published in PRX Life, will likely prompt further studies into the inner workings of proteins and life on other planets, and serve as a successful case study on how artificial intelligence was able to accelerate such research by decades.

"This work gives us a better idea of how you might design a new protein to withstand stress and new clues into what types of proteins would be more likely to exist in high-pressure environments like those at the bottom of the ocean or on a different planet," said Stephen Fried, a Johns Hopkins University chemist who co-led the research.

Fried's team subjected Thermus thermophilus --  a microorganism widely used in scientific experiments owing to its ability to withstand heat -- to lab-simulated pressures mimicking those of the Mariana Trench. The tests revealed some of its proteins resist those stress levels because they have a built-in flexibility with extra space between their atomic structures, a design that allows them to compress without collapsing.

The way a protein's building blocks, or amino acid chains, "fold" or organize into 3D structures determines their function. But these structures can be very sensitive to temperature, pressure, and other factors in the environment (as well as biochemical and genetic mishaps) that cause them to misfold into dysfunctional shapes.

The analysis shows 60% of the proteins in the bacteria resisted the pressure while the rest buckled under it and their shapes became deformed, specifically at points or sites known to be of important biochemical function. The insights could help explain how other organisms thrive under extreme pressures that would kill most living things.

"Life has obviously had an evolutionary drive to adapt to different environments over billions of years, but evolution can sometimes almost sound like a magical thing," Fried said. "Here, we really get down to the biophysics of how that happens and see it's because of a simple geometrical solution in the 3D arrangement of these proteins' building blocks."

The findings are a testament to the potential of artificial intelligence for scientific discovery, Fried said. By integrating the power of Google's AlphaFold tool, the team mapped the pressure-sensitive parts of T. thermophilus' entire set of proteins. The AI tool predicted the structure of the organism's more than 2,500 proteins, helping the team calculate the correlation between their configurations and their ability to resist pressure changes -- a feat that would have taken many decades to complete with direct measurements alone, Fried said.




Although the model organism is known for its ability to thrive around hot springs or hydrothermal vents instead of its ability to withstand deep ocean pressures, the findings could shed light on deep ocean life that is supremely understudied -- as well as unknown -- said author Haley Moran, a Johns Hopkins chemist who studies "extreme" organisms.

"A lot of people predict if we are going to find extraterrestrial life, we're going to find it deep in the ocean of some planet or moon. But we don't fully understand life in our own ocean, where there are many different species that don't just tolerate what would kill us, they love it and thrive in it," Moran said. "We are taking proteins, one of the building blocks of life, and putting them under these extreme conditions to see how they may adapt to push the bounds of life."

The findings also highlight how high-pressure tests could reveal additional molecular functions that remain hidden in other organisms. Until now, conventional thinking has been that pressure levels would need to be cranked up far beyond the ocean trench level to influence a protein's biochemistry, said author Richard Gillilan, a Cornell University chemist who helped devise the high-pressure experiments.

"We were really caught by surprise, but as we continued to double-check the numbers and examine individual molecular structures, we realized this was a treasure map," Gillilan said. "We have opened a door that will provide many new targets for structural and biophysical studies, perhaps even drug discovery."

The team will next move on to conduct experiments on other organisms, specifically those that thrive under high pressures in the deep ocean.

Other authors are Edgar Manriquez-Sandoval and Piyoosh Sharma of Johns Hopkins.

The research was supported by the National Science Foundation, NSF Division of Molecular and Cellular Biology, the National Institutes of Health, the National Institute of General Medical Sciences, the Albstein Foundation for Brain Research, and New York State's Empire State Development Corporation.
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Now live: Living cells can be seen with infrared light | ScienceDaily
To accelerate biotechnology innovations, such as the development of lifesaving drug therapies, scientists strive to develop faster, more quantitative and more widely available ways to observe biomolecules in living cells.


						
Researchers at the National Institute of Standards and Technology (NIST) have developed a new method that allows the use of infrared (IR) light to capture clear images of biomolecules inside cells, something that was previously not possible due to the tendency of the water in cells to absorb infrared radiation. The new method removes the obscuring effects of water in IR-based measurements and allows researchers to determine the amounts of key biomolecules in cells, such as the proteins that direct cell function. The ability to measure changes in living cells could speed up advances in biomanufacturing, cell therapy development, drug development and more.

Their findings have been published in Analytical Chemistry.

Infrared radiation is light that is just beyond what is visible to the human eye. Although we cannot see IR light, we can feel it as heat. In IR microscopy, a material of interest absorbs radiation from a range of wavelengths in the IR spectrum. Scientists measure and analyze the IR absorption spectrum of a sample, producing a set of "fingerprints" to identify molecules and other chemical structures. However, water, the most abundant molecule both inside and outside cells, absorbs infrared strongly and masks the infrared absorption from other biomolecules in cells.

One way to understand this optical masking effect is to compare it to when an airplane passes overhead next to the Sun. With the naked eye, it's hard to see the airplane because of the Sun, but if you use a special Sun-blocking filter, then you can easily see the airplane in the sky.

"In the spectrum, water absorbs infrared so strongly, and we want to see the absorption spectrum of proteins through the thick water background, so we designed the optical system to uncloak the water contribution and reveal the protein signals," said NIST chemist Young Jong Lee.

Lee developed a patented technique that uses an optical element to compensate for water absorption from IR. Called solvent absorption compensation (SAC), the technique was used with a hand-built IR laser microscope to image cells that support the formation of connective tissue, called fibroblast cells. Over a 12-hour observation period, researchers were able to identify groups of biomolecules (proteins, lipids and nucleic acids) during stages of the cell cycle, such as cell division. While this may seem like a long time, the method is ultimately faster than current alternatives, which require beam time at a large synchrotron facility.




This new method, called SAC-IR, is label-free, meaning it does not require any dyes or fluorescent markers, which can harm cells and also produce less consistent results across labs.

The SAC-IR method enabled NIST researchers to measure the absolute mass of proteins in a cell, in addition to nucleic acids, lipids and carbohydrates. The technique could help establish a foundation for standardizing methods for measuring biomolecules in cells, which could prove useful in biology, medicine and biotechnology.

"In cancer cell therapy, for example, when cells from a patient's immune system are modified to better recognize and kill cancer cells before being reintroduced back to the patient, one must ask, 'Are these cells safe and effective?' Our method can be helpful by providing additional insight with respect to biomolecular changes in the cells to assess cell health," said Lee.

Other potential applications include using cells for drug screening, either in discovery of new drugs or in understanding the safety and efficacy of a drug candidate. For example, this method could help to assess the potency of new drugs by measuring absolute concentrations of various biomolecules in a large number of individual cells, or to analyze how different types of cells react to the drugs.

The researchers hope to develop the technique further so it can measure other key biomolecules, such as DNA and RNA, with greater accuracy. The technique could also help provide detailed answers to fundamental questions in cell biology, such as what biomolecule signatures correspond with cell viability -- in other words, if the cell is alive, dying or dead.

"Some cells are preserved in a frozen state for months or years, then thawed for later use. We don't yet fully understand how best to thaw the cells while maintaining maximum viability. With our new measurement capabilities, we may be able to develop better processes for cell freezing and thawing by looking at their infrared spectra," said Lee.
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AI can slash indoor farming energy use | ScienceDaily
Integrating artificial intelligence into today's environmental control systems could reduce energy consumption for indoor agriculture by 25% -- potentially helping to feed the world as its population rises, Cornell University engineers have found.


						
The research published in Nature Food.

The world population is expected to grow to 9.7 billion people by 2050, according to the United Nations. This growth, combined with climate change and urbanization, requires fixes for the flaws in the world's current food production systems, the researchers said.

Indoor farming methods, such as plant factories with artificial lighting, are less vulnerable to climate change, but they're energy intensive and require careful resource management to be sustainable.

"Existing environmental control systems are not smart enough," said Fengqi You, professor in energy systems engineering at Cornell.

By using AI techniques like deep reinforcement learning and computational optimization, the scientists analyzed lettuce cultivated in indoor agriculture facilities within eight diverse locales -- Los Angeles, Chicago, Miami, Seattle, Milwaukee, Phoenix, Fargo, North Dakota and Ithaca, New York throughout the U.S. -- as well as Reykjavik, Iceland and Dubai, United Arab Emirates.

AI reduces energy use by optimizing lighting and climate regulation systems. Energy use dropped to 6.42 kilowatt hours per kilogram fresh weight (energy needed or used to produce one kilogram of indoor-grown lettuce) from 9.5 kilowatt hours per kilogram fresh weight, in places that use non-AI technology. The researchers found that for warmer areas, such as Dubai or the southern U.S., AI reduced energy usage to 7.26 kilowatt hours per kilogram fresh weight, down from 10.5 kilowatt hours per kilogram fresh weight.

Low ventilation during light periods (16 hours of simulated sunlight) and high ventilation during dark periods (eight hours that simulate night) provided an energy-efficient solution for optimal indoor carbon dioxide levels for photosynthesis, oxygen for respiration and plant growth, and balanced other ventilation requirements.

"This is a very similar concept to smart homes," You said. "We want to be comfortable at home while reducing energy use; so do crops. This work focuses on a smart system to make food production optimal, sustainable and lower the carbon footprint. That's what AI does very well. We can save quite a bit if we use AI to optimize the artificial lighting and other energy systems carefully."

Financial support for this research was provided by the U.S. Department of Agriculture (National Institute of Food and Agriculture); the Natural Sciences and Engineering Research Council of Canada; and the Eric and Wendy Schmidt AI in Science Postdoctoral Fellowship (Cornell).
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New research sinks an old theory for the doldrums, a low-wind equatorial region that stranded sailors for centuries | ScienceDaily
During the Age of Sail, sailors riding the trade winds past the equator dreaded becoming stranded in the doldrums, a meteorologically distinct region in the deep tropics. For at least a century, scientists have thought that the doldrums' lack of wind was caused by converging and rising air masses. Now, new research suggests that the opposite may be true.


						
"The idea of what causes the doldrums came from a time where we didn't know a lot about how air actually moves in the tropics," said Julia Windmiller, an atmospheric scientist at the Max Planck Institute for Meteorology and the study's author. "We have forgotten about the doldrums to such a degree that nobody has taken the trouble of thinking through this original argument again."

Instead, Windmiller proposes that low wind speeds throughout the doldrums are created by large areas of sinking air that diverge at the surface, creating clear and windless days. Her explanation challenges the conventional explanation for the tropical, oceanic phenomenon that has stranded sailors, inspired poets and largely slipped out of scientific literature.

Traditionally, areas of low to no wind around the equator have been explained by converging and rising air masses. And while those air masses do create low-pressure, slow-wind areas at the surface, that idea can only explain the doldrums' extended regions of low winds when many areas of convergence are averaged together over days or weeks. On the shorter timescales, converging air masses do not cover enough area to create large windless regions that can last for days -- the doldrums.

The research was published in Geophysical Research Letters, an open-access AGU journal that publishes high-impact, short-format reports with immediate implications spanning all Earth and space sciences.

Deciphering the doldrums

The doldrums, also known as the Intertropical Convergence Zone, was named by early 19th century sailors marooned at sea by bouts of little or no wind. The term, originally defined as a period of despondency or depression, has come to describe the sometimes-stormy, sometimes-calm equatorial region. The oceanic area was even referenced in Samuel Taylor Coleridge's 1834 poem, "The Rime of the Ancient Mariner":

Day after day, day after day, We stuck, nor breath nor motion; As idle as a painted ship Upon a painted ocean.




The Intertropical Convergence Zone is usually characterized as a region of converging trade winds and rising air masses near the equator. The air masses, warmed by equatorial heat, float up like balloons, form clouds and whip up storms over the equator. They then sink back down at approximately 30 degrees North and South of the equator, completing what is known as Hadley Cell circulation. This pattern of converging and rising air near the equator has traditionally been accepted as the cause for the doldrums, as pockets of low to no winds are generally created under rising air masses.

However, little modern research has focused on proving the root cause of the doldrums. The accepted explanation for the doldrums could not be completely correct, Windmiller said, unless the regions of uplifting air were averaged over time.

"There's this fascinating break in reasoning because this upward circulation of air doesn't work for short time scales and large areas of still wind," said Windmiller. "To some degree, because we've historically forgotten about the doldrums, this flaw in the logic never really came up."

Windmiller analyzed Intertropical Convergence Zone meteorological data for the Atlantic Ocean between 2001 and 2021 and buoy data ranging from 1998 to 2018 to define the edges of the Intertropical Convergence Zone and investigate low wind speed events in the region. Low wind speed events are characterized by winds blowing slower than three meters per second, or five knots, for at least six hours. Windmiller examined the data on multi-day, hourly and minute-by-minute timescales, and considered how the low wind speed events evolved over time.

She found that low wind speed events coincided with clear weather conditions, lowered air temperatures and a lack of precipitation: conditions that point to sinking air masses diverging at the surface rather than rising air masses. Windmiller also found that low wind speed events mainly happen in the inner regions of the Intertropical Convergence Zone, and that they only occur on average in about 5% of the region at any given time (but can occur as often as 21% of the time in the eastern Atlantic during the Northern Hemisphere's summer). Low wind speed locations also varied based on the season and region of the Atlantic Ocean.

"Most of the air inside the Intertropical Convergence Zone is actually going down rather than up," said Windmiller. "It's not just on average that we have low wind speeds in this region, but that we have these moments in time when the wind has just gone away over very large areas."

Her idea is supported not just by scientific evidence, but by the next verse in Coleridge's poem, which famously describes a ship's stranding in a windless, rainless region within the doldrums:




Water, water, every where, And all the boards did shrink; Water, water, every where, Nor any drop to drink.

Upending an old explanation

For years, Windmiller has queried other atmospheric scientists about the doldrums: What really causes the wind to occasionally disappear around the equator?

"They would start to explain this upward circulation of air, but as they were explaining it, they often realized it didn't actually make sense," said Windmiller. "I was always surprised. It's such a basic phenomenon, so why wouldn't we have a theory for it?"

Some questions do remain. Windmiller is not certain what causes the Intertropical Convergence Zone's large regions of sinking air. While most of the air in the tropics is slowly sinking, that effect alone may not be strong enough to cause the doldrums. Other possible causes include large convective systems that leave downdrafts in their wakes, or humidity gradients that cause local air to cool and sink, she said.

And while modern mariners are unlikely to be stranded in the doldrums thanks to diesel engines, understanding the doldrums' true cause could still have present-day impacts. New, high-resolution climate models struggle to simulate regions of low wind speeds, so better understanding the doldrums could improve model predictions of precipitation and wind patterns.

"We can no longer explain these low wind speed events in the way we've done before," said Windmiller. "I hope that this is something that people will see and read, and realize that the explanation is really upside down from what we've had."
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Diagnostic tool identifies puzzling inflammatory diseases in kids | ScienceDaily
RNA is expelled from cells via cell death or active release, and can then find its way into blood plasma. A Cornell University-led collaboration has developed machine learning models that use these cell-free molecular RNA dregs to diagnose pediatric inflammatory conditions that are difficult to differentiate.


						
The diagnostic tool can accurately determine if a patient has Kawasaki disease (KD), Multisystem Inflammatory Syndrome in Children (MIS-C), a viral infection or a bacterial infection, while simultaneously monitoring the patient's organ health.

Inflammatory diseases are a particular threat to children because the symptoms -- such as fever and rash -- are generic, and the patients often get misdiagnosed. If not properly treated, MIS-C can cause swelling in the heart, lungs, brain and other organs. Similarly, KD -- the primary cause of acquired heart disease in children -- can lead to cardiac aneurysms and heart attack. A cell-free RNA-based test would be the first molecular diagnostic tool that clinicians can use to catch these inflammatory conditions at the crucial early stage in children.

The team's paper published in Proceedings of the National Academy of Sciences. The Cornell team was led by Iwijn De Vlaminck, associate professor of biomedical engineering and co-senior author of the paper. The lead author is Conor Loy, currently an Ignite Fellow for New Ventures.

The findings stem from a previous collaboration that began four years ago and used next-generation sequencing to characterize the severe cases of COVID-19 and MIS-C in children that spiked during the pandemic. Initially, De Vlaminck and Loy were focused on the potential of using cell-free DNA to investigate the diseases, but they found themselves increasingly interested in cell-free RNA, because of the rich information content it provides. While cell-free RNA has been shown to be an effective biomarker for pregnancy and cancer, it's not as well studied as cell-free DNA.

"When you analyze RNA in plasma, what you're looking at is RNA from dying cells, and also RNA that's been released from cells anywhere in the body," Loy said. "This gives you a huge advantage. In inflammatory conditions, there's lots of cell death. Cells are, in some cases, exploding and their RNA gets released into plasma. By isolating that RNA and sequencing it, we can discover biomarkers for disease and backtrack where the RNA is coming from to measure cell death."

The collaborators studied 370 plasma samples from pediatric patients with a range of inflammatory conditions. The team converted the RNA to DNA, then conducted DNA sequencing that analyzed the protein-coding regions of the genome. Loy spent a year experimenting with machine-learning algorithms to find disease signatures in the samples, basically creating a pipeline of different tools to make sense of cell-free RNA.

Beyond developing an accurate model for diagnosis, the researchers also demonstrated that cell-free RNA sequencing can be used to quantify injury to specific tissues and organs, including the liver, heart, endothelium, nervous system and the upper respiratory tract.

"I think a lot of the novelty and the technical innovation, the engineering, is in the data analysis," De Vlaminck said. "We're able to quantify how much of the RNA is coming from different organs. How much is coming from the liver, or epithelial cells in the vascular system. By quantifying the sources, we can also learn about injury processes that are likely immune-related but happening in vascularized tissues."

The research was supported by the NIH's National Institute of Child Health and Human Development.
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Air pollution exposure in infancy may limit economic mobility in adulthood | ScienceDaily
Higher exposure to fine particulate air pollution (PM2.5) during infancy was associated with lower economic earnings in adulthood in a new study from Harvard T.H. Chan School of Public Health, Harvard John A. Paulson School of Engineering and Applied Sciences, and European University of Rome. The association was most pronounced in the midwestern and southern U.S.


						
"This study takes a big step toward filling the knowledge gap on the crucial link between environmental factors and long-term economic outcomes," said corresponding author Francesca Dominici, Clarence James Gamble Professor of Biostatistics, Population, and Data Science at Harvard Chan School and faculty director of the Harvard Data Science Initiative. "The findings suggest that air pollution can have lasting impacts beyond health effects -- and that these impacts vary across regions and populations."

The study will be published on September 9 in The Proceedings of the National Academy of Sciences.

The study builds upon previous investigations of the relationship between PM2.5 exposure and economic opportunity by using more granular data as well as state-of-the-art causal inference methods to adjust for socioeconomic and demographic confounders. The researchers analyzed data on PM2.5 exposure and economic earnings from 86% of all U.S. census tracts -- small statistical subdivisions of a county -- from 1980 to 2010. They focused on people born from 1978-83, looking at their mean earnings in 2014-15 when they were between the ages of 31-37. To measure economic mobility, they used a statistic called absolute upward mobility (AUM), which is defined as the mean income rank in adulthood of children born to families in the 25th percentile of the national income distribution.

The study found that the higher a person's exposure in infancy to PM2.5, the lower their earnings in adulthood. Nationwide, on average, an increase in PM2.5 exposure by one microgram per cubic meter (mg/m3) in 1982 was associated with a 1.146% lower AUM in 2015. The study also found that PM2.5 exposure had an outsize impact on AUM in specific regions of the U.S., particularly in the Midwest and South.

"Our findings underscore the necessity of implementing stringent air quality standards nationally," said co-lead author Luca Merlo, researcher at European University of Rome. "They also suggest the necessity of locally tailored interventions to mitigate air pollution and of integrated policies that address both environmental and economic inequalities."

Sophie-An Kingsbury Lee, a student at Harvard John A. Paulson School of Engineering and Applied Sciences, was a co-lead author.

The study was funded by the National Institutes of Health (grants R01MD012769, R01ES028033, 5R01AG060232, R01ES030616, R01AG066793, 1R01ES029950, RF1AG07437201A1, R01MD016054, R01ES034373, RF1AG080948, RF1AG071024, R01ES34021, 1U24ES035309, P30ES000002) and the Alfred P. Sloan Foundation (grant G-2020-13946).
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Global study shows that most cities receive more rainfall than surrounding rural areas | ScienceDaily
The effect of urbanization on temperature is relatively well-known: cities are often measurably warmer than their surrounding rural areas. This is called the urban heat island effect. What fewer people know is that the urban heat island has a twin counterpart with similarly important consequences: the urban precipitation anomaly, where the presence of urban development measurably affects the amount of rainfall in an area.


						
In a new study published in Proceedings of the National Academy of Sciences, researchers at The University of Texas at Austin looked for evidence of precipitation anomalies in 1,056 cities across the globe and found that more than 60% of those cities receive more precipitation than their surrounding rural areas. In some cases, the difference can be significant. For instance, researchers found that Houston, on average, will receive almost 5 inches more rain per year than its surrounding rural areas.

This could have wide-ranging implications, the most serious of which is worsened flash flooding in densely built urban areas.

Variation in urban rainfall is something scientists have known about for several decades, but never at a global scale. Previous studies only looked at certain cities and storm cases, said study author Xinxin Sui, a doctoral student at the Cockrell School of Engineering. For this paper, she and other researchers poured over precipitation datasets from satellites and radar systems, examining daily precipitation anomalies for these 1,056 cities from 2001 to 2020.

"In general, we found that over 60% of these global cities have more rainfall (than the surrounding countryside). Then we compared with different climate zones and found that if the local climate is hotter, if it's wetter, then it may have a larger rainfall anomaly compared to the cities in cooler and dryer places," Sui said.

In addition to Houston, the list of large cities with the largest precipitation anomalies include Ho Chi Minh, Vietnam; Kuala Lumpur, Malaysia; Lagos, Nigeria; and the Miami-Fort Lauderdale-West Palm Beach metropolitan area.

Study author Dev Niyogi, a professor at both the Jackson School of Geosciences and Cockrell School of Engineering, explained that urban areas tend to take rain from one location and concentrate it in another, much like a sponge that is being squeezed.




"If you were to pinch one part of the sponge, you would have water coming down more forcefully from one side," he said. "The amount of water you have in the sponge is the same, but because now you have that dynamic sort of squeezing the atmosphere, you have more ability to take the water out from that location."

Although it's less common, some urban areas actually receive less rainfall than their surrounding rural counterparts. This typically occurs in cities situated in valleys and lowlands, where precipitation patterns are controlled by nearby mountains. The cities where this is most pronounced include Seattle, Washington; Kyoto, Japan; and Jakarta, Indonesia.

There are several reasons why most cities receive more rainfall than their rural neighbors. Co-author Liang Yang, professor at the Jackson School, said one key factor is the presence of tall buildings, which block or slow down wind speeds. This leads to a convergence of air toward the city center.

"The buildings further enhance this convergence by slowing the winds, resulting in a stronger upward motion of air. This upward motion promotes the condensation of water vapor and cloud formation, which are critical conditions for producing rainfall and precipitation," Yang said.

Researchers found that population has the largest correlation with urban precipitation anomalies compared to other environmental and urbanization factors. This is because larger populations typically create denser and taller urban areas, along with more greenhouse gas emissions, and therefore more pronounced heat, Niyogi said.

This phenomenon has implications for all cities heading into a future of climate change, said Yang, who described how the increased chances of rainfall in cities combined with the impervious surfaces that make up their urban environments can be a recipe for flash flooding.

"Combining these two factors means we must develop innovative ways to prepare for flash flooding," Yang said.
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Growing key biomethane crop on peat emits 3 times more CO2 than using natural gas | ScienceDaily
There has been a rapid expansion in growing crops such as maize to produce biomethane as a cleaner alternative to fossil fuels, to help reach Net Zero. But some of this increased cultivation, on drained peat, is emitting three times more carbon dioxide than it is avoiding by not using natural gas, according to a study by the UK Centre for Ecology & Hydrology (UKCEH).


						
The researchers also estimate the area of UK peatland used for cultivating maize, which is then put through an anaerobic digester to produce biomethane, has tripled since 2015. But they say the emissions resulting from draining these carbon-rich wetlands for agricultural use have been widely overlooked.

The analysis, funded by the Department for Environment, Food and Rural Affairs (Defra), focuses on maize and the UK but the study team points out that any cultivation on deep drained peat will result in large amounts of greenhouse gas emissions. Its significant findings highlight the need to consider soil carbon losses relating to all bioenergy crops grown on drained peat, anywhere in the world, in order to enable better decision-making over green energy.

"Biomethane is an important renewable energy source, but it seems unwise to use drained peatland primarily for generating bioenergy in areas where this leads to higher CO2 emissions than the fossil fuel it replaces," says Professor Chris Evans of UKCEH, who led the research, published in Nature Climate Change.

Draining our carbon stores

While the burning of any gas to produce energy emits greenhouse gases, the principle behind the production of biomethane is that the carbon released during combustion was recently removed from air via photosynthesis, so does not add additional CO2 into the atmosphere.

However, significantly more carbon is emitted from drained peatlands than is avoided by not using natural gas. This is because drainage of these wetlands to enable crops or trees to grow releases carbon that has been locked up in their soils for hundreds of years. This released carbon is exposed to atmospheric oxygen, forming CO2 and resulting in significant amounts of additional greenhouse gas.




While every cubic metre of natural gas burned emits the equivalent of 2kg of CO2, UKCEH's field flux measurements show the soil carbon lost through cultivating maize for biogas production on drained peatland results in emissions of up to 6kg per cubic metre of biomethane produced.

That figure does not include the additional greenhouse gas emissions resulting from application of fertilisers on maize fields, harvesting and transport of the crop, or from production of the biomethane.

Big increase in production

The study estimates UK area of drained peat soils for all maize cultivation rose from around 6,000 ha in 2015 to over 11,000 ha in 2021, while the proportion of the crop grown for bioenergy, as opposed to food, increased from 20% to 34% -- representing a three-fold increase overall.

The researchers point out their findings do not imply that all forms of bioenergy production on drained peat soils will lead to increased emissions. For example, growing dedicated biomass crops on agricultural peatlands managed with higher water levels -- paludiculture -- is a potentially promising method of mitigating climate change.

Professor Evans says that compared to taking land out of food production entirely for biomethane production, it is less damaging to use maize as a 'break crop' -- plants included within crop rotation systems to reduce the risk of weeds, pests and diseases. This would have commercial value and help to offset some of the CO2 emissions associated with food production on peat.




The researchers add that maize grown on a mineral soil has less impact on the long-term soil carbon balance, and the overall process on these non-peat areas may therefore be more effective in reducing emissions.

Improving decision-making

UK production of biomethane has increased four-fold since 2000, largely driven by government financial support for biogas production to support energy sector decarbonisation, including the Green Gas Support Scheme and prior to that, the Renewable Heat Incentive.

Dr Rebecca Rowe of UKCEH, a co-author of the study, says: "The transition to net zero won't be completely smooth. Along with the successes, there will be failures and unintended consequences.

"Our role, as scientists, is to support the Government, land managers and industry by providing them with the best up-to-date knowledge on the impacts of their actions so they can make informed decisions about energy crop production and land use.

"This is about working together to ensure a sustainable future."
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In search of new microscopy tools to observe how cells function | ScienceDaily
Two labs at the University of Utah's Department of Chemistry joined forces to improve imaging tools that may soon enable scientists to better observe signaling in functioning cells and other molecular-scale processes central to life.


						
The Noriega and Hammond labs, with complementary expertise in materials chemistry and chemical biology, made critical discoveries announced this month in the Journal of the American Chemical Society that could advance this goal. Their joint project was kickstarted through a team development grant from the Utah's College of Science and the 3i Initiative to encourage faculty with different research interests to work together on big-picture problems.

"We're trying to develop a new kind of imaging method, a way to look into cells and be able to see both their structural features, which are really intricate, while also capturing information about their activity," co-author Ming Hammond said. "Current methods provide high-resolution details on cellular structure but have a challenging 'blind spot' when it comes to function. In this paper, we study a tool that might be applied in electron microscopy to report on structure and function at the same time."

Biological samples often need "markers," or molecules that are the source of detectable signals, explained co-author Rodrigo Noriega. A widely used type of markers are flavoproteins which, when photoexcited, trigger a chemical reaction that yields metal-absorbing polymer particles whose high contrast in electron microscopy is easily seen.

"Previous work focused on the markers without the materials they generate, but our study incorporates the materials chemistry steps in the model," said Noriega, who was named a Sloan Research Fellow this year under a program that recognizes early-career scientists whose research has the potential to revolutionize their fields.

Scientists had long assumed that a mechanism involving singlet oxygen generation, a special kind of reactive oxygen species, was at play. However, the University of Utah team found that electron transfer between the photoexcited marker and the polymer building blocks is the main contributor to the process.

"We're studying a tool that other people have used a lot as the basis for this new kind of imaging, and everyone thought that it worked a certain way," Hammond said, "but our photophysical studies revealed a surprising mechanism." This previously overlooked electron transfer pathway generates reactive species that yield the desired source of contrast for electron microscopy, without the need for singlet oxygen.




This new information could help scientists improve the design of these markers, according to Noriega and Hammond. The collaborative team, for example, has built upon these results to expand the number and types of polymer building blocks employed, as well as using markers that are poor singlet oxygen sources but are excellent electron transfer partners, and growing contrast agents in environments that were not feasible before.

"Beyond their use in electron microscopy, what these markers allow you to do is obtain two images from the same sample, one using light microscopy and another one with electron microscopy, and this sort of multilayer image contains much more information than either of them alone," Noriega said. This method, called correlative microscopy, is like the different layers in Google Maps, Noriega explained.

These advances may enable scientists to better understand cell signaling, one of the fundamental processes of life, and not just within individual cells, but among communities of cells.

"Cells use chemicals to communicate with each other. That's their language, how they know whether their neighbors are friendly or antagonistic. It's how they work together, compete, and even disguise themselves within a community," Hammond said. Mapping these chemical signals between groups of cells in a complex spatial arrangement requires them to detect activity levels within the context of the sample structure. "We would love to be able to see their communication, but we also want to see their neighborhood."
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Honeybees: Combinations of pesticides can be dangerous | ScienceDaily
Honeybees are social insects. Their colony only survives as a community, and healthy new generations are very important. It is therefore not surprising that honeybees invest significant care and resources into their offspring: nurse bees feed the young larvae with a food juice made from nectar and pollen which they produce in a gland in their head. However, pollen, in particular, can contain residues of various insecticides and other pesticides. It is therefore very likely that bee larvae are exposed to a complex mixture of chemicals.


						
What impact do insecticides authorised in the EU have on the development of honeybees, on their own and in combination with fungicides, especially in concentrations found in the environment? Researchers from the Biocenter of Julius-Maximilians-Universitat (JMU) Wurzburg in Bavaria, Germany, have investigated this question. Their findings have been published in the scientific journal Environmental Pollution.

The effects of pesticide combinations at low environmentally relevant doses have otherwise been rarely investigated. "As our study shows, this is urgently needed because the agents can interact and reinforce each other's effects," explains PhD student Sarah Manzer, first author of the study. It is also possible that interactions occur at low concentrations only and not at high concentrations, and vice versa. "There are large knowledge gaps which we have now been able to reduce with another piece of the puzzle," says the JMU researcher.

The Experiments: Feeding the Bee Larvae

The researchers reared honeybees in the laboratory and mixed various pesticides into their food -in concentrations that occur in the environment and in ten times higher doses.

The JMU team fed the honeybee larvae with the last neonicotinoid still authorised in the EU, acetamiprid -- an insecticide used against the oilseed rape beetle and other sucking insects. All other neonicotinoids, which have been previously used, are now banned because they proofed to be harmful to bees. The researchers also fed a mixture of the fungicides boscalid and dimoxystrobin to the honeybee larvae as well as a combination of the neonicotinoid and the two fungicides.

The higher concentration of the neonicotinoid alone led to a significantly higher mortality of the larvae: 90.4% survived in the control group and only 79.8% in the neonicotinoid group. Sarah Manzer was also able to determine negative long-term effects: adult honeybees that had ingested the neonicotinoid as larvae died significantly earlier than the bees in the control group. They reached a median age of 26 days, compared to 31 days of the control honeybees. In the environmentally relevant concentration, however, the neonicotinoid had no effect on survival rates.




If the larval food contained the two fungicides only, no effect on the mortality of the insects was detected. However, the bees were lighter after hatching from the pupal stage than those in the control group. Further research will have to show whether this is relevant for their further development and behaviour.

Neonicotinoid Shows Complex Mixed Toxicity with Fungicides

The researchers were surprised when they fed the larvae with mixtures of the chemicals: the lower neonicotinoid dosage in combination with the fungicides led to a significantly increased mortality of the adult bees with a median age of 27 days compared to the age of 31 days for the bees in the control group. The otherwise harmless amount of neonicotinoid thus becomes dangerous in combination with the fungicides. "This is an alarming finding, as honeybees come into contact with many different pesticides due to their large flight radius," says Sarah Manzer.

And another unexpected effect occurred after feeding with the mixture: the higher neonicotinoid dosage -- which had harmful effects on its own -- showed no effect on bee mortality when combined with the fungicides.

Solitary Wild Bees May be More Affected

The combined effects found by the researchers could have an impact on the entire bee colony as their next generation could be harmed. In addition, solitary wild bees could be particularly affected due to the more direct pesticide effects, whereas honeybees in their large colonies could buffer the effects of pesticides to a certain extent.

According to the Wurzburg scientists, further experiments are crucial to gain an even better understanding of the effects of pesticide mixtures.
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Crown-of-thorns sea stars thrive in degraded coral habitats | ScienceDaily
Research into one of the most persistent coral predators on the Great Barrier Reef has revealed a troubling paradox in reef ecosystems: the crown-of-thorns starfish (COTS) appears to thrive in the very conditions of coral degradation it helps create.


						
This work, from Professor Maria Byrne at the University of Sydney and marine science researcher Dr Kennedy Wolfe, sheds light on the interactions between coral health and the population dynamics of COTS, offering critical insights for conservation efforts.

Professor Byrne from the School of Life and Environmental Sciences at the University of Sydney said: "This research reinforces our understanding that resilient species have the upper hand when adjusting to altered habitats. Unfortunately, in the case of the Great Barrier Reef, one of these resilient species -- the crown-of-thorns starfish -- is one of its most persistent coral predators."

Coral reefs, often referred to as the "rainforests of the sea," are vital ecosystems that support a diverse array of marine life. However, these ecosystems are under severe threat from various stressors, including climate change, pollution and overfishing. Among the most significant challenges are outbreaks of COTS, which can decimate coral populations and lead to widespread reef degradation.

This study, published in the Marine Environmental Research journal, proposes a "degraded reef hypothesis," to better understand how COTS remain so persistent, despite extensive efforts to manage their impact.

The degraded reef framework explains how the loss of live coral, which crown-of-thorns starfish feed off, paradoxically benefits juvenile COTS. As live coral diminishes, these starfish accumulate in rubble habitats, which serve as juvenile nurseries.

This accumulation of juveniles-in-waiting can promote a pulsed emergence of COTS as they transition into coral-eating adults when corals start to recover. This exacerbates the cycle of coral loss and reef degradation.




"Our previous research has shown that juvenile COTS can wait for just the right moment to emerge in large numbers; sometimes up to six years," Professor Byrne said.

Professor Byrne and Dr Wolfe's research emphasises that the very conditions that lead to coral degradation -- such as heatwaves, cyclones and pollution -- create favourable environments for COTS to thrive. This resilience poses a significant challenge for reef management and conservation strategies, as efforts to restore coral health may inadvertently support the proliferation of these destructive starfish.

"Our findings reveal a critical feedback loop in reef ecosystems," said Dr Wolfe, who started his research career as a PhD student at the University of Sydney.

"COTS populations may thrive as coral reefs degrade, leading to further coral loss. This cycle not only threatens corals but also the range of species that depend on healthy reefs for survival," he said.

Professor Byrne said: "This feedback loop explains repeated outbreaks on the Great Barrier Reef, despite exhaustive management through manual culling."

These findings underscore the need for a multifaceted approach to coral reef conservation that addresses the root causes of degradation while also considering broad ecological dynamics at play.

Professor Byrne said: "Effective management strategies must account for the resilience of crown-of-thorns starfish and their ability to exploit degraded habitats. These coral predators are a symptom of ongoing environmental impact."

By understanding the relationship between coral health and COTS populations, conservationists can develop targeted interventions that mitigate the impacts of these starfish. This may include habitat restoration efforts that focus on enhancing coral resilience, as well as strategies to manage nutrient runoff and sedimentation.

This latest study adds to the impressive work that Professor Byrne and her team have undertaken, which has improved our understanding of how the crown-of-thorns starfish is able to persist as a pest species on the Great Barrier Reef.
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        Path to prosperity for planet and people if Earth's critical resources are better shared
        Earth will only remain able to provide even a basic standard of living for everyone in the future if economic systems and technologies are dramatically transformed and critical resources are more fairly used, managed and shared, according to an international research team.

      

      
        Clinical trials inappropriately excluding people of African/Middle Eastern descent, new research shows
        Many clinical trials of new cancer drugs may be inappropriately excluding some people with Duffy-null phenotype, a trait found predominantly in people of African or Middle Eastern descent, researchers report in a new study.

      

      
        Sterilization rates among women rose after U.S. Supreme Court abortion ruling
        Researchers found an increase in surgical sterilization among women after the U.S. Supreme Court overturned the constitutional right to abortion.

      

      
        Brain-wide decision-making dynamics discovered
        Neuroscientists have revealed how sensory input is transformed into motor action across multiple brain regions in mice. The research shows that decision-making is a global process across the brain that is coordinated by learning. The findings could aid artificial intelligence research by providing insights into how to design more distributed neural networks.

      

      
        Flexibility of containers, and how fast they drain
        A new article examines how the flexibility of containers affect how fast they drain.

      

      
        Variety is the spice of learning, memory study suggests
        Researchers found that older adults learned a memory task best after practicing multiple related tasks, suggesting that diverse cognitive training supports mental sharpness as we age.

      

      
        Methane emissions are rising faster than ever
        Methane concentrations in Earth's atmosphere increased at record speed over the past five years. At least two-thirds of annual methane emissions now come from human activities, including fossil fuel use, agriculture, and landfills and other waste.

      

      
        Conscientiousness, not willpower, is a reliable predictor of success
        According to two psychologists, the field of psychological science has a problem with the concept of self-control. It has named self-control both a 'trait' -- a key facet of personality involving attributes like conscientiousness, grit and the ability to tolerate delayed gratification -- and a 'state,' a fleeting condition that can best be described as willpower. These two concepts are at odds with one another and are often confused, the authors report.

      

      
        Early exposure to diverse faces helps babies overcome prejudices later in life
        Babies who have more diverse social contacts in the first years of their life can get over their prejudices more easily by the age of 17, according to new research.

      

      
        What's really 'fueling' harmful algae in Florida's lake Okeechobee?
        Historically, Lake Okeechobee was thought to be impaired only by phosphorus, focusing efforts on reducing agricultural runoff. However, new comprehensive sampling across the Lake Okeechobee Waterway and its connected estuaries shows that toxic algal blooms also are driven by rising nitrogen levels from human waste and urban runoff. Increased nitrogen, worsened by extreme rainfall, significantly fuels bloom severity. Findings underscore the need for integrated nutrient management and improved wast...

      

      
        Framing climate action as patriotic and status-quo friendly increases liberals' and conservatives' belief in climate change
        A new psychology study shows that framing the need to address climate change as patriotic and as necessary to preserve the American 'way of life' can increase belief in climate change and support for pro-environmental policies among both groups.

      

      
        Cattle raised by Maasai farmers aren't the conservation villains they've been made out to be, study finds
        A new study has found the pastoral practices of the Indigenous Maasai people of Kenya had almost no discernible positive or negative effect on the ecological well-being of the Maasai Mara National Reserve.

      

      
        Belief in academic ability key factor in academic success for low-income students
        A strong belief in their own academic ability can help children from low-income families defy the odds and achieve academic success, according to new research.

      

      
        COVID-19 lockdowns prematurely aged teenage brains, study shows
        New research has found that lockdowns during the COVID-19 pandemic resulted in unusually accelerated brain maturation in adolescents. This maturation was more pronounced in females.

      

      
        Air pollution exposure in infancy may limit economic mobility in adulthood
        Higher exposure to fine particulate air pollution (PM2.5) during infancy was associated with lower economic earnings in adulthood, according to a new study. The association was most pronounced in the midwestern and southern U.S.

      

      
        'Out-of-body' research could lead to new ways to promote social harmony
        Out-of-body experiences, such as near-death experiences, can have a 'transformative' effect on people's ability to experience empathy and connect with others, new research explains.

      

      
        Protecting just 0.7% of world's land could help save a third of most unique and endangered species
        Conservation efforts directed towards just 0.7% of the world's land mass could help protect one third of the world's threatened and unique tetrapod (four-limbed vertebrate) species.

      

      
        Five lessons to level up conservation successfully
        Conservation needs to scale successfully to protect nature. A new paper takes lessons from around the world to show how that might be done.

      

      
        New RSV vaccine for older adults can result in individual and societal cost savings, benefits
        Vaccination against respiratory syncytial virus for adults over 60 is likely cost-effective by preventing illness, hospitalizations, lost quality of life and deaths, according to new research.
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Path to prosperity for planet and people if Earth's critical resources are better shared | ScienceDaily
Earth will only remain able to provide even a basic standard of living for everyone in the future if economic systems and technologies are dramatically transformed and critical resources are more fairly used, managed and shared, according to an international research team including scientists from The Australian National University (ANU).


						
The report, published in The Lancet Planetary Health, outlines how cities and businesses have the power to play a crucial role and become the "stewards" of critical Earth systems by demonstrating how they can reduce their environmental impact on the planet. The report summarises key findings of phase one of Earth Commission, founded in 2019 with a team of 18 globally esteemed interdisciplinary scholars as commissioners, involving more than 40 researchers in various working groups.

The report builds on the Safe and Just Earth System Boundaries report published in Nature last year, which found that most of the vital limits within which people and the planet can thrive have been surpassed.

One of three lead authors, Distinguished Professor Xuemei Bai, from ANU, who led the working group on Translation, said that companies and cities have the means to act and drastically transform and reduce pressure on the planet.

"Companies and cities have a huge potential to make a difference, especially if they work towards the same goal, which is to ensure the planet can provide for everyone long-term," she said.

"They are more nimble and flexible than states, and can reduce their pressure on the planet by setting science-based targets in line with our findings."

Professor Stuart Bunn, from Griffith University, co-led one of the working groups, which focused on the boundaries of freshwater and nutrient pollution.




The report found the planet's ability to provide and protect is being stretched past its limits, although it remains possible for humans to escape poverty and harm caused by Earth's system change, if urgent action is taken.

It found the only way to provide for everyone and ensure societies, businesses and economies thrive without destabilising the planet is to reduce inequalities in how critical Earth system resources, such as freshwater and nutrients, are accessed and used, and how responsibilities, such as reducing carbon emission, are shared, alongside economic and technological transformation.

By 2050, unless urgent transformations are made, the researchers argue that Earth's climate will deteriorate to the point where there will be no "safe and just space" left.

That means that even if everyone on the planet only had access to the resources necessary for a basic standard of living in 2050, the Earth would still be outside the climate boundary.

The researchers say earth systems face the risk of crossing dangerous tipping points, which would cause further significant harm to people around the world unless energy, food and urban systems are urgently transformed.

The paper outlines a series of recommendations to ensure Earth's climate remains within this so-called "safe and just space."

* Firstly, a well-coordinated, intentional effort between policymakers, businesses, civil society and communities can push for changes in how we run the economy and find new policies and funding mechanisms that can address inequality whilst reducing pressure on nature and climate.




* Secondly, fundamental to the transformation is more efficient and effective management, sharing and usage of resources at every level of society including addressing the excessconsumption of some communities, which limits access to basic resources for those whoneed them the most.

* Thirdly, investment in sustainable and affordable technologies is essential to help us use fewer resources and to reopen the safe and just space for all, particularly where there is little or no space left.

The report has been published in The Lancet Planetary Health. It is co-authored by more than 60 leading natural and social scientists from across the globe.
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Clinical trials inappropriately excluding people of African/Middle Eastern descent, new research shows | ScienceDaily
Many clinical trials of new cancer drugs may be inappropriately excluding some people with "Duffy-null phenotype," a trait found predominantly in people of African or Middle Eastern descent, researchers at Dana-Farber Cancer Institute and Queen Mary University of London report in a new study.


						
The Duffy-null phenotype results in relatively lower levels of white blood cells called neutrophils when measured in the blood. This is not because they have less neutrophils overall, but because they are more frequently located in other body tissues. Tests that restrict clinical trial eligibility to patients with certain blood levels of neutrophils may therefore be unfairly discriminating against patients who could potentially benefit from trial therapies.

The failure to account for Duffy-null phenotype also means that recommendations for many standard cancer drugs inappropriately call for less-effective doses for some individuals, researchers say.

Tests that count neutrophils in a blood sample are performed to ensure that patients can safely be treated with chemotherapy or other anti-cancer drugs. Levels of neutrophils, white blood cells that kill bacteria and other foreign microbes, are often reduced by cancer drugs, potentially raising the risk of infection. For patients to qualify for a clinical trial or a standard dose of many cancer drugs, their neutrophil levels need to be above a certain threshold to ensure they will retain enough of these cells following treatment.

The threshold was established by studies conducted primarily in patients of European descent who rarely have the Duffy-null phenotype. Many healthy people with the Duffy-null phenotype (mostly people of African and Middle Eastern ancestry), however, normally have lower levels of neutrophils in their blood and relatively higher levels in their other tissues.

"Natural variation in neutrophil counts between people of different ancestry has been historically described by the inaccurate and now-outdated diagnosis 'benign ethnic neutropenia,'" says Stephen Hibbs of Queen Mary University of London, who led the study, published today by JAMA Network Open, and for which Dana-Farber's Andrew Hantel, MD is senior author. "But since this variation was discovered to be caused by the Duffy null phenotype, we need to re-examine the ways in which neutrophil count misinterpretation can affect patient care."

"People with the Duffy-null phenotype are equally able to fight off infections compared to others," Hantel says. "The concern is that they've been excluded from clinical trials because the neutrophil blood levels that are normal for them can fall below the cut-off points for trial participation. In this study, we explored the extent to which this occurs."

The researchers examined participation criteria for 289 major phase III trials of drugs for the five most prevalent cancers in the United States and United Kingdom: prostate, breast, colorectal, and lung cancer, and melanoma. The drugs included chemotherapy agents, targeted therapies, and hormonal therapies (which generally don't decrease neutrophil levels).




They found that 76.5% of the trials excluded patients whose blood neutrophil counts were in the normal range for people with the Duffy-null phenotype. The trials with the highest exclusion rate -- 86.4% -- were for patients with colorectal cancer. Even trials of hormonal cancer therapies -- which generally don't decrease neutrophil levels -- had a significant exclusion rate.

The researchers also examined the extent to which clinical trial protocols require that drug doses be modified for patients with lower neutrophil counts.

"The treatment guidelines set by the National Comprehensive Cancer Network, or NCCN, are based on the clinical trials in which those drugs were tested," Hantel explains. "If a trial stipulates that the dosage should be lowered or delayed if a patient's blood neutrophil count is below a certain level, doctors often use those modifications once the drug is approved as standard therapy. We know that in many cases, survival rates are lower for patients who receive lowered or delayed doses."

The researchers reviewed 71 clinical trials that led to NCCN recommended treatment regimens. They found that more than half required reducing the drug dose, delaying its administration, or stopping it if a participant's neutrophil count fell below a level that was still normal for people with the Duffy null phenotype. When they looked at recommended changed based on individual Food and Drug Administration labels for each therapy used, a similar rate of dose changes was seen.

"The effect of these recommendations is to inappropriately reduce the intensity of treatment for patients who would likely tolerate regular doses," Hantel says.

Based on their findings, the researchers recommend that clinical trials of cancer drugs allow entry to patients with lower, but normal-for-them neutrophil counts. "Everyone being screened for trial entry should be tested for the Duffy-null phenotype. If they are Duffy-null and their counts are in the reference range for that group, they should be admitted," Hantel remarks.




For current and future trials, the same principle should be used in determining whether trial participants require lower or delayed doses: people with Duffy-null phenotype whose neutrophils are in their healthy range should be eligible for full doses of the study drug. For trials that have already been completed, follow-up studies are needed to determine if administering full doses to people with Duffy-null phenotype and lower neutrophils counts are safe and effective, researchers say.

"Health inequity in cancer treatment and research has many causes, and some are more difficult to address than others. Neutrophil criteria for clinical trials and dose modifications are a hidden contributor to inequity that can be rectified. Now, action to amend these criteria is needed to ensure Duffy-null patients are not disadvantaged," said Hibbs.

The study was funded by the National Institutes of Health, the American Society for Clinical Oncology, and the Wellcome Trust.
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Sterilization rates among women rose after U.S. Supreme Court abortion ruling | ScienceDaily
Surgical sterilization rates among women increased in the United States after a 2022 Supreme Court ruling (Dobbs v. Jackson Women's Health) overturned the constitutional right to abortion, found researchers at Columbia University Vagelos College of Physicians and Surgeons. The study was published Sept. 11 in JAMA.


						
Surgical sterilization -- tying, cutting, or removing the fallopian tubes -- is a highly effective but essentially irreversible method of preventing pregnancy.

Before the Supreme Court decision, the rate of surgical sterilization in the United States had declined from a peak in the mid-1970s as effective reversible contraceptive methods became more accessible.

The study looked at the use of surgical sterilization before and after the Dobbs decision among roughly 4.8 million women in 36 states and Washington, D.C.

In the first month after the ruling, sterilization rates in all states included in the study increased from stable rates in the prior year and a half.

In the six months after the ruling, surgical sterilizations continued to rise by 3% per month in states where abortion was banned after Dobbs. A similar but not statistically significant trend was seen in states that limited access to abortion after Dobbs; no further increase was seen in states that protected abortion access.

"Our study suggests that the Dobbs ruling and subsequent state laws banning or limiting access to abortion may affect a woman's choice of contraception," says Xiao Xu, a health outcomes researcher who led the study. "The findings also warrant attention because tubal sterilization is an irreversible method of contraception."

More information

The study, "Tubal Sterilization Rates by State Abortion Laws after the Dobbs Decision," was published Sept. 11 in JAMA.

All authors: Xiao Xu (Columbia), Ling Chen (Columbia), Vrunda B. Desai (Yale), Cary P. Gross (Yale), Craig Evan Pollack (Johns Hopkins), Peter E. Schwartz (Yale), and Jason D. Wright (Columbia).
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Brain-wide decision-making dynamics discovered | ScienceDaily
Neuroscientists have revealed how sensory input is transformed into motor action across multiple brain regions in mice. The research, conducted at the Sainsbury Wellcome Centre at UCL, shows that decision-making is a global process across the brain that is coordinated by learning. The findings could aid artificial intelligence research by providing insights into how to design more distributed neural networks.


						
"This work unifies concepts previously described for individual brain areas into a coherent view that maps onto brain-wide neural dynamics. We now have a complete picture of what is happening in the brain as sensory input is transformed through a decision process into an action," explained Professor Tom Mrsic-Flogel, Director of the Sainsbury Wellcome Centre at UCL and corresponding author on the paper.

The study, published today in Nature, outlines how the researchers used Neuropixels probes, a state-of-the-art technology enabling simultaneous recordings across hundreds of neurons in multiple brain regions, to study mice taking part in a decision-making task. The task, developed by Dr Ivana Orsolic at SWC, allowed the team to distinguish between sensory processing and motor control. The researchers also revealed the contribution of learning through studying animals trained in the task and comparing them to naive animals.

"We often make decisions based on ambiguous evidence. For example, when it starts to rain, you have to decide how high frequency the raindrops need to be before you open your umbrella. We studied this same ambiguous evidence integration in mice to understand how the brain processes perceptual decisions," explained Dr Michael Lohse, Sir Henry Wellcome Postdoctoral Fellow at SWC and joint first author on the paper.

Mice were trained to stand still while they watched a visual pattern moving on a screen. To receive a reward, the mice had to lick a spout when they detected a sustained increase in the speed of movement of the visual pattern. The task was designed so that the speed of the movement was never constant, instead it continuously fluctuated. The timing of the increase in the average speed also changed from trial to trial so that the mice could not simply remember when the sustained increase occurred. Thus, the mice had to constantly pay attention to the stimulus and integrate information to work out whether the increase in the speed had happened.

"By training the mice to stand still, the data analysis we could perform was much cleaner and the task allowed us to look at how neurons track random fluctuations in speed before the mice made an action. In trained mice, we found that there is no single brain region that integrates sensory evidence or orchestrates the process. Instead, we found neurons that are sparsely but broadly distributed across the brain link sensory evidence and action initiation," explained Dr Andrei Khilkevich, Senior Research Fellow in the Mrsic-Flogel lab and joint first author on the paper.

The researchers recorded from each mouse multiple times and collected data from over 15,000 cells across 52 brain regions in 15 trained mice. To look at learning, the team also compared the results to recordings from naive mice.




"We found that when mice don't know what the visual stimulus means, they only represent the information in the visual system in the brain and a few midbrain regions. After they have learned the task, cells integrate the evidence all over the brain," explained Dr Lohse.

In this study, the team only looked at naive animals and those that had fully learned the task, but in future work they hope to uncover how the learning process occurs by tracking neurons over time to see how they change as mice begin to understand the task. The researchers are also looking to explore whether specific areas in the brain act as causal hubs in establishing these links between sensations and actions.

A number of additional questions raised by the study include how the brain incorporates an expectation of when the speed of visual pattern will increase such that animals only react to the stimulus when the information is relevant. The team plan to study these questions further using the dataset they have collected.

This study was funded by Wellcome awards (217211/Z/19/Z and 224121/Z/21/Z) and by the Sainsbury Wellcome Centre's Core Grant from the Gatsby Charitable Foundation (GAT3755) and Wellcome (219627/Z/19/Z).
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Flexibility of containers, and how fast they drain | ScienceDaily
As Rohit Velankar, now a senior at Fox Chapel Area High School, poured juice into a glass, he could feel that the rhythmic glug, glug, glug was flexing the walls of the carton.


						
Rohit pondered the sound, and wondered if a container's elasticity influenced the way its fluid drained. He initially sought the answer to his question for his science fair project, but it spiraled into something more when he teamed up with his father, Sachin Velankar, a professor of chemical and petroleum engineering at the University of Pittsburgh Swanson School of Engineering.

They set up an experiment in the family's basement and their findings were published in their first ever paper together as father and son.

"I became quite invested in the project myself as a scientist," Sachin Velankar said. "We agreed that once we started on the experiments, we'd need to take it to completion."

The Science Behind the Glug

Rohit's first experiments found deli containers with rubber lids emptied faster than those with plastic lids.

"Glugging occurs because the exiting water tends to reduce the pressure within the bottle," Velankar said. "When the container is highly flexible, like the bags that hold IV fluids or boxed wine, the container may be able to dispense fluid without glugging. But there are other types of flexible bottles out there, so surely their elasticity must affect its draining."

They created their own ideal acrylic bottles with rubber lids using tools available at Fox Chapel Area High School's makerspace. A sensor was placed near a hole at the bottom of each bottle to measure the pressure oscillations with each glug. The Velankars were able to simulate flexibility by adjusting the diameter of the hole, confirming that flexible bottles drain faster, but with bigger, more infrequent glugs.
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Variety is the spice of learning, memory study suggests | ScienceDaily
When Ilber Manavbasi attempts a tricky piano riff, he rehearses more than the notes on the page.


						
"I practice in diverse conditions and contexts. I practice hungry, tired, angry and happy. I practice different songs at different speeds and sometimes with different pianos," said Manavbasi, a graduate student researcher at the Beckman Institute for Advanced Science and Technology. "It's the variety of practice that makes me a better performer."

Variety may also make us better learners, according to recent research conducted by Manavbasi and his colleagues at the University of Illinois Urbana-Champaign.

The researchers observed that varied practice, not repetition, primed older adults to learn a new working memory task. Their findings, which appear in the journal Intelligence, propose diverse cognitive training as a promising whetstone for maintaining mental sharpness as we age.

"People often think that the best way to get better at something is to simply practice it over and over again, but robust skill learning is actually supported by variation in practice," said lead investigator Elizabeth A. L. Stine-Morrow, a Beckman researcher and professor emerita of educational psychology at Illinois.

"While the importance of diversity in practice has been well established in the area of motor learning, our study demonstrated that this principle applies to the development of mental skills as well," she said.

In their 1978 study, Kerr and Booth found that children who practiced tossing a beanbag at a target from a set distance were less likely to hit their marks than children who had practiced throwing from several different distances. On a larger scale, researchers have observed varied preparation to beget high-level performance in athletics and academics alike.




"World-class athletes who specialize in one sport are more likely to have had early experience with multiple sports than their national-class counterparts, and Nobel laureates are more likely to have more early study and work experiences outside of their discipline compared to nationally acclaimed award winners," Stine-Morrow said.

She wondered how this concept translates to cognitive training. If learning were a sport, does a diverse training regimen raise the level of play?

The researchers narrowed their focus to working memory, or the cognitive ability to hold one thing in mind while doing something else.

"We chose working memory because it is a core ability needed to engage with reality and construct knowledge," Stine-Morrow said. "It underpins language comprehension, reasoning, problem-solving and many sorts of everyday cognition."

Because working memory often declines with aging, Stine-Morrow and her colleagues recruited 90 Champaign-Urbana locals aged 60-87.

At the beginning and end of the study, researchers assessed the participants' working memory by measuring each person's reading span: their capacity to remember information while reading something unrelated. The researchers asked participants to read and comprehend a series of logical and illogical sentences (e.g., "Headwear worn by royalty is called a crown," or "An animal with orange and black stripes is a zebra"), each paired with a letter of the alphabet. Participants who recalled the letters in the correct order generally have a stronger working memory, the researchers said.




Between the reading span assessments, participants completed four weeks of cognitive training. For the first two weeks, participants trained on one of four practice regimens: the reading span task itself, a new working memory activity, multiple working memory activities and a control task unrelated to working memory. For the latter two weeks, all participants practiced a variation of the reading span task.

The participants who practiced with multiple working memory activities showed the most improvement on the reading span assessment from beginning to end, outperforming those who had rehearsed the reading span task for all four weeks.

Though ultimately the most improved, the mixed practice group was not immediately outperforming the others, the researchers noticed.

"They needed to work for it," Stine-Morrow said. "Mixed practice did not directly lead to better performance; it led to better learning. That group was the slowest to improve on the reading span task, but they ultimately reached the highest peak."

One reason that varied practice may promote skill development is because of the principle of mutualism, or "mutual growth among closely related abilities," Stine-Morrow said.

These results provide early evidence for the concept of mutualism and show promise for improving working memory later in life.

"With this study, we have demonstrated the broad principle of mutualism through the small lens of how it applies to working memory," Stine-Morrow said. "If you scale up this principle and combine it with different kinds of skills, that could demonstrate broader effects."

Because of limitations caused by the COVID-19 pandemic, participants used their home computers and iPads provided by the research team to complete all portions of the study remotely.

"We are grateful to the folks in the Chambana community who support our research, especially in this case, where they had to fit these activities into their lives over the course of four weeks. Most people thought the activities were challenging, but fun, and treated them as a game they wanted to win," Stine-Morrow said.
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Methane emissions are rising faster than ever | ScienceDaily
The world has not hit the brakes on methane emissions, a powerful driver of climate change. More than 150 nations have pledged to slash by 30% this decade under a global methane pledge, but new research shows global methane emissions over the past five years have risen faster than ever.


						
The trend "cannot continue if we are to maintain a habitable climate," the researchers write in a Sept. 10 perspective article in Environmental Research Letters published alongside data in Earth System Science Data. Both papers are the work of the Global Carbon Project, an initiative chaired by Stanford University scientist Rob Jackson that tracks greenhouse gas emissions worldwide.

Atmospheric concentrations of methane are now more than 2.6 times higher than in pre-industrial times -- the highest they've been in at least 800,000 years. Methane emission rates continue to rise along the most extreme trajectory used in emission scenarios by the world's leading climate scientists.

The current path leads to global warming above 3 degrees Celsius or 5 degrees Fahrenheit by the end of this century. "Right now, the goals of the Global Methane Pledge seem as distant as a desert oasis," said Jackson, who is the Michelle and Kevin Douglas Provostial Professor in the Stanford Doerr School of Sustainability and lead author of the Environmental Research Letters paper. "We all hope they aren't a mirage."

More methane from fossil fuels, agriculture, and waste

Methane is a short-lived but highly potent greenhouse gas that comes from natural sources like wetlands and human or "anthropogenic" sources such as agriculture, fossil fuels, and landfills. During the first 20 years after release, methane heats the atmosphere nearly 90 times faster than carbon dioxide, making it a key target for limiting global warming in the near term.

Despite growing policy focus on methane, however, total annual methane emissions have increased by 61 million tons or 20% over the past two decades, according to the new estimates. Increases are being driven primarily by growth of emissions from coal mining, oil and gas production and use, cattle and sheep ranching, and decomposing food and organic waste in landfills.




"Only the European Union and possibly Australia appear to have decreased methane emissions from human activities over the past two decades," said Marielle Saunois of the Universite Paris-Saclay in France and lead author of the Earth System Science Data paper. "The largest regional increases have come from China and southeast Asia."

In 2020, the most recent year for which complete data are available, nearly 400 million tons or 65% of global methane emissions came directly from human activities, with agriculture and waste contributing about two tons of methane for every ton from the fossil fuel industry. According to the researchers, human-caused emissions continued to increase through at least 2023.

Assessing pandemic impacts

Our atmosphere accumulated nearly 42 million tons of methane in 2020 -- twice the amount added on average each year during the 2010s, and more than six times the increase seen during the first decade of the 2000s.

Pandemic lockdowns in 2020 reduced transport-related emissions of nitrogen oxides (NOx), which typically worsen local air quality but prevent some methane from accumulating in the atmosphere. The temporary decline in NOx pollution accounts for about half of the increase in atmospheric methane concentrations that year -- illustrating the complex entanglements of air quality and climate change.

"We're still trying to understand the full effects of COVID lockdowns on the global methane budget," said Jackson. "COVID changed nearly everything -- from fossil fuel use to emissions of other gases that alter the lifetime of methane in the atmosphere."

Quantifying humans' influence on methane from wetlands and waterways




The Global Carbon Project scientists have made an important change in their latest accounting of global methane sources and "sinks," which include forests and soils that remove and store methane from the atmosphere.

In previous assessments, they categorized all methane from wetlands, lakes, ponds, and rivers as natural. But the new methane budget makes a first attempt to estimate the growing amount of emissions from these types of sources that result from human influences and activities.

For instance, reservoirs built by people lead to an estimated 30 million tons of methane emitted per year, because newly submerged organic matter releases methane as it decomposes. "Emissions from reservoirs behind dams are as much a direct human source as methane emissions from a cow or an oil and gas field," said Jackson, who published a new book about methane and climate solutions titled Into the Clear Blue Sky: The Path to Restoring Our Atmosphere (Scribner) in July.

The scientists estimate that about a third of wetland and freshwater methane emissions in recent years were influenced by human-caused factors including reservoirs and emissions increased by fertilizer runoff, wastewater, land use, and rising temperatures.

After a summer when severe weather and heat waves have given a glimpse of the extremes predicted in our changing climate, the authors write, "The world has reached the threshold of 1.5C increases in global average surface temperature, and is only beginning to experience the full consequences."
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Conscientiousness, not willpower, is a reliable predictor of success | ScienceDaily
According to two psychologists, the field of psychological science has a problem with the concept of self-control. It has named self-control both a "trait" -- a key facet of personality involving attributes like conscientiousness, grit and the ability to tolerate delayed gratification -- and a "state," a fleeting condition that can best be described as willpower. These two concepts are at odds with one another and are often confused, the authors report.


						
"Self-control is a cherished quality. People who have lots of it are celebrated and seen as morally righteous," wrote University of Toronto psychology professor Michael Inzlicht and University of Illinois Urbana-Champaign psychology professor Brent Roberts in a review in the journal Current Opinion in Psychology. Many studies find that people who score highly on various measures of conscientiousness do better than their peers academically and financially and tend to live healthier lives.

This led psychologists to conflate momentary willpower with the other characteristics that make conscientious people successful, the researchers said.

"We assumed that highly conscientious people simply engage their willpower more often than their less-conscientious peers," Roberts said. "But this is not the case. Conscientious people do not control themselves more than others. In fact, studies have shown that they spend less time restraining wayward desires. This was a surprise when it was discovered more than a decade ago."

The misguided emphasis on willpower led to interventions designed to increase it, with the goal of also strengthening conscientiousness. This approach occasionally yielded some positive short-term results, the researchers said. But in the long term, such changes tend to erode.

"People usually revert to their baseline levels of willpower and conscientiousness," Inzlicht said. "Willpower is generally fragile, unreliable and weak."

The science strongly suggests that other aspects of "trait self-control" are more likely to contribute to the lifelong benefits associated with this trait, Inzlicht said.




"Perhaps it's their industriousness or organizational skills," he said. "Or maybe it's their ability to persist in pursuit of a goal."

"We wonder if we should abandon the term 'self-control' when referring to traits and instead refer to conscientiousness," the researchers wrote. "Consider the alternative universe if we had settled on the name 'planfulness' or 'consideration of future consequences.'"

"Success in life might be the result of engaging less in day-to-day willpower and more in cold calculation before a temptation is ever met," they said. "Maybe conscientiousness is explained not by exerting willpower, but by avoiding the need to exert it in the first place."

Ultimately, Inzlicht and Roberts wrote, they aim to "highlight the need for a broader conceptualization of self-control in psychological research and interventions."

Roberts also is an affiliate of the Carl R. Woese Institute for Genomic Biology at the U. of I.

The Social Sciences and Humanities Research Council of Canada and the Natural Sciences and Engineering Council of Canada supported this work.
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Early exposure to diverse faces helps babies overcome prejudices later in life | ScienceDaily
Babies who have more diverse social contacts in the first years of their life can get over their prejudices more easily by the age of 17. That's according to research by neuroscientist Saskia Koch of the Donders Institute and Radboud University.


						
When people have stereotypes in their minds, it can influence their behavior. Koch: "When you make an assumption about the person sitting across from you, it can influence how you interact with that person. Think about the difference between how you would talk to a child or an adult."

For her research, Koch used data from the Nijmegen longitudinal study. In this study, young people are followed from infancy. Teenagers still participating in that study were given a new task, but first they looked at how often they went to day care as babies. "We assumed that children who went to day care more often had more diverse social contacts: they saw different nannies, but also met different children, from all walks of life." Then, as 17-year-olds, the same children were given the task of playing a game.

Game

In the game, they had to play together with another person they could not see. Both players had the goal of locating an object on a gameboard. Only the 17-year-old knew where the object was. Without communicating verbally, the 17-year-olds had to make this location clear to the other. Koch: "They had to come up with communicative patterns that would help the other person find the object. This could for example be done by making certain movements."

For one game, the 17-year-olds were told they were playing with a 5-year-old and for another game they learned they were dealing with an adult, while in reality it was the same person each time. Initially, the 17-year-olds adjusted their communicative patterns when they thought they were interacting with the child by placing more emphasis on their movements. How quickly they abandoned this pattern depended on how much time they spent in day care. Koch: "We saw that 17-year-olds who had come into contact with many different people as infants were more likely to get over a stereotype. They did not linger long in the idea that they were playing with a child, by moving more slowly. They found out in the interaction that the 'child' was also very good and relied more often on that interaction. They then based their play on that."

Letting go of stereotypes

According to the researcher this means that babies who have had more diverse social interactions can more easily let go of a stereotype later in life. They are more sensitive to social interaction and can more quickly let go of the image they have in their minds of their peers. Koch: "Gaining many diverse social experiences early in life allows us to adapt better to the needs of our partners in social interaction."
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What's really 'fueling' harmful algae in Florida's lake Okeechobee? | ScienceDaily
Lake Okeechobee is the largest lake in Florida and the second largest in the Southeastern United States. Over the past two decades, blooms of blue-green algae (Microcystis) have emerged in the lake and have been flushed into nearby urban estuaries, causing serious environmental and public health issues.


						
Excess nutrients from industries, agriculture and urban development -- particularly nitrogen and phosphorus -- are well-known causes of harmful algal blooms worldwide. Historically, Lake Okeechobee has only been considered to be impaired for phosphorus, leading to targeted efforts aimed at reducing phosphorus runoff from agricultural sources in the watershed.

Now, new research marks a groundbreaking step in understanding and preserving this crucial ecosystem. Researchers from Florida Atlantic University's Harbor Branch Oceanographic Institute have conducted the first comprehensive sampling across the Lake Okeechobee Waterway in South Florida, which extends from the St. Lucie Estuary on the east coast to the Caloosahatchee River Estuary on the west coast.

To determine what's causing recent cyanobacterial blooms, researchers conducted two research cruises across the Lake Okeechobee Waterway and three sampling events of these blooms. They measured nitrogen isotopes in phytoplankton to see if human waste or fertilizers were involved.

Results of the study, published in the journal Harmful Algae, reveal that combatting harmful algal blooms in Lake Okeechobee requires managing both phosphorus and nitrogen, and that human waste played a role in influencing these Microcystis blooms. Findings also underscore the importance of rainfall and extreme rainfall events in driving these big blooms.

Inorganic nitrogen levels were elevated in urbanized estuaries and the Kissimmee River, which extends north through the Kissimmee Chain of Lakes to the greater Orlando area, and its water flows into Lake Okeechobee. Furthermore, the expanding urbanization in Orlando was identified as a contributing factor to the increasing prevalence of these blooms in Lake Okeechobee.

"Based on our study findings, strategies focused only on reducing phosphorus aren't sufficient," said Brian Lapointe, Ph.D., senior author and a research professor at FAU Harbor Branch. "To tackle toxic cyanobacterial blooms, we need to cut back on both nitrogen and phosphorus. Managing both nutrients is crucial because of their combined impact, which often lead to more severe and persistent harmful algal blooms. In urban areas like the St. Lucie and Caloosahatchee River watersheds, human waste is a major source of these nutrients."

Findings show key changes in Lake Okeechobee's algal conditions over the years. Nitrogen-to-phosphorus ratios, microcystins, and Microcystis cell counts in the lake are now higher than in previous decades. Phosphorus levels increased from 50 micrograms per liter in the mid-1970s to more than 100 micrograms per liter by the late 1990s. This rise in phosphorus supported the growth of harmful cyanobacteria like Dolichospermum, which began to outcompete other algae.




Sampling occurred from 2018 to 2021 and the cruises took place in 2019 and 2020. This approach provided a detailed, unified snapshot of conditions throughout the entire waterway at a single point in time or over a defined period, rather than isolated or sporadic sampling.

After the hurricanes of 2004-05, which led to significant losses in aquatic plants and fish, toxic Microcystis became more dominant in the lake during the warm, wet season from May to October. Similar major blooms occurred during 2013, 2016 and 2018. Because the research cruises took place in 2019 and 2020, which were relatively dry years, researchers did not observe any major Microcystis blooms in the St. Lucie or Caloosahatchee estuaries.

"It is during these rainfall events when major nitrogen loading occurs, which we now realize happened in 2013, 2016 and 2018," said Lapointe. "Big blooms appeared in the lake and estuaries following these extreme rain events."

Findings also show that the higher nutrients in the urbanized Caloosahatchee River Estuary and St. Lucie Estuary enhanced bloom formations in those locations. The nutrients -- ammonium, nitrate and phosphate -- are highly reactive, which is why the researchers observed thick "scum" on the water's surface in those estuaries.

"When water and Microcystis is released from Lake Okeechobee into the estuaries, the growth response is like 'Miracle Grow,'" said Lapointe. "We found the highest concentrations of ammonium, nitrate and phosphate in the estuaries. These nutrients are commonly associated with human waste. Specifically, we observed elevated nitrogen isotope levels, indicating that human waste is a significant source of this nitrogen."

Researchers also found significant variation in water conditions across different locations, affecting the spread and intensity of algal blooms. The biggest blooms were observed in the Pahokee Marina and Cape Coral, which were strongly affected by human waste.




"Evidence from the Florida Keys shows similar trends of nitrogen enrichment, and our research indicates that such changes may be happening throughout the entire watershed," said Lapointe.

Previously, water from the Lake Okeechobee watershed naturally flowed southward through the Everglades. However, changes to the water management system led to the creation of the Lake Okeechobee Waterway, which redirects lake water periodically. It is channeled eastward into the St. Lucie Estuary via the C-44 canal and westward into the Caloosahatchee River and Estuary through the C-43 canal.

"Microcystis blooms and their toxicity in Lake Okeechobee and the St. Lucie Estuary are influenced by nitrogen levels, and our study shows that nitrogen enrichment is increasing. It's crucial to reduce nitrogen to control harmful algal blooms along the lake's waterway and in the estuaries downstream," said Rachel Brewton, Ph.D., co-author and an assistant research professor at FAU Harbor Branch. "Given the high nitrogen load from the Upper Kissimmee River, cutting these inputs should be a top priority. Although Lake Okeechobee doesn't have a Total Maximum Daily Load established for nitrogen as it does for phosphorus, the St. Lucie and Caloosahatchee estuaries do, and recent plans for the lake's tributaries aim to address nitrogen reductions."

The impact of these blooms varies based on the size of the watersheds and the specific conditions of the receiving waters, such as their hydrology and chemistry.

"In the lab, we measured chlorophyll a, microcystins, and amounts of Microcystis and other phytoplankton by analyzing their cell concentrations and pigments in water samples," said Malcolm McFarland, Ph.D., co-author and an associate research professor at FAU Harbor Branch. "We used flow cytometry on water samples on board the research vessels to allow for analysis of live algal cells and avoid losses caused by preservation and storage."

Large lakes, rivers, estuaries and coastal areas are increasingly affected by these blooms, raising concerns that the growing frequency of harmful algal blooms and their associated toxins could further threaten drinking water supplies, recreational activities, tourism and fisheries in the future.

"These blooms don't only impact Florida's vital water resources but also have national implications for public health, environmental quality and economic well-being," said Lapointe. "Understanding these changes helps us address the challenges of safeguarding our waters and ensures clean, safe water for communities across the country."

This research supports the need for improved wastewater treatment and water storage north of Lake Okeechobee including the Lake Okeechobee Watershed Restoration Project and the Lake Okeechobee Component A Reservoir project spearheaded by the South Florida Water Management District.

Study co-author is Nicole Stockley, a former research engineer at FAU Harbor Branch.

This research was funded by the U.S. National Aeronautics and Space Administration (NASA) Water Resources Program (80NSSC19K1200). Additional support for this research was provided by the Florida Center for Coastal and Human Health, which was developed with a grant from and funded by the Harbor Branch Oceanographic Institute Foundation.
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Framing climate action as patriotic and status-quo friendly increases liberals' and conservatives' belief in climate change | ScienceDaily
Conservatives and liberals may be at odds in their views on environmental issues, but a new psychology study shows that framing the need to address climate change as patriotic and as necessary to preserve the American "way of life" can increase belief in climate change and support for pro-environmental policies among both groups.


						
"Framing climate change action as a way to protect and preserve patriotic values and familiar ways of life can improve climate awareness and motivate action across the American political spectrum," says Katherine Mason, a New York University doctoral student and the lead author of the study, which appears in the Proceedings of the National Academy of Sciences (PNAS). "This approach encourages people to see climate action as a way to celebrate and sustain cherished cultural traditions, rather than having to relinquish or replace them."

The findings, which stem from an experiment involving 50,000 participants across 60 countries, showed such messaging had similar, though smaller, effects among liberals in some nations, including France and Chile, and among conservatives in Israel and Chile. However, it backfired among conservatives in other nations -- notably, Belgium, Germany, and Russia.

Overall, the results are at odds with much of today's pro-environment messaging, which often centers on doomsday scenarios, overhauling our socioeconomic system, or radically altering our consumption habits.

"It is crucial to avoid triggering...existential threats, insofar as these can motivate system defensiveness and backlash against pro-environmental initiatives," write the authors, who also included John Jost, a professor in NYU's Department of Psychology, and Madalina Vlasceanu, an NYU assistant professor at the time of the study and now at Stanford University.

In the PNAS study, participants were informed they would be asked to read some information, report on their beliefs and behaviors, and write a small paragraph. To ensure a common understanding of climate change, they were given the following definition: "Climate change is the phenomenon describing the fact that the world's average temperature has been increasing over the past 150 years and will likely be increasing more in the future."

Participants assigned to the control condition then read a literary passage from Charles Dickens' 1861 novel Great Expectations, which made no references to the climate. In the "framing" condition, participants read a message aimed at increasing feelings of connection to the existing social system, linking the nation's "way of life" to natural and cultural traditions and communicating that climate change poses a threat that requires patriotic, pro-environmental action to "protect and preserve" the national heritage "as it should be." The message, which was accompanied by photographs of cities, natural resources, people, and flags, was tailored to include country-specific terms.




Participants in the control and framing conditions were then asked to answer questions pertaining to belief in climate change, support for pro-environmental policies, and willingness to share climate information on social media.

Among US participants, those who read the patriotic/status quo message showed increased belief in climate change, more support for pro-environmental policies, and a greater willingness to share climate information on social media relative to the control group. Moreover, this message was similarly effective for conservatives and liberals.

"Climate change is a challenge that must urgently be tackled," says Mason. "Our approach tested the ways to communicate information about climate change that resonates with people's pre-existing values and beliefs. Crucially, these results suggest that messages aligning with preferences maintaining the status quo may improve climate awareness and action among not only conservatives -- whose attitudes are most in sync with such messages -- but also among liberals."

In the paper, the researchers offer a detailed analysis of findings from other nations, outlining similarities and differences from the US sample and possible reasons for them.

Katherine Mason was supported by the National Science Foundation Predoctoral Award at the time the research was conducted (DGE-2234660).
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Cattle raised by Maasai farmers aren't the conservation villains they've been made out to be, study finds | ScienceDaily
Bilal Butt knows how it sounds. The associate professor of sustainability and development at the University of Michigan understands that arguing to let cattle graze in a national park offends the sensibilities.


						
However, his team's research, published in the journal Proceedings of the National Academy of Sciences, and generations of knowledge from the Indigenous Maasai people of Kenya back it up.

The Maasai's pastoral practices had almost no discernible positive or negative effect on the ecological well-being of the Maasai Mara National Reserve.

This is important context for land that welcomes tourists while excluding Indigenous farmers, sometimes violently, said Butt, who works at U-M's School for Environment and Sustainability, or SEAS. He hopes his team's work will help reshape how people think about who gets to use land, for what, and where the beliefs that we use to answer those questions come from.

"There's this idea that seeing cows in the 'wilderness' is unnatural," Butt said. "But what's more unnatural: the people on safari in their 4-wheel drive Land Cruisers or cows eating grass?"

The Maasai Mara National Reserve was established to protect wildlife, yet it has seen populations shrink among its large, iconic herbivores, including zebras, impalas and elephants, over the last few decades.

Researchers and conservationists identified the Maasai practice of grazing their cattle on the protected land as a driver of those declines. Butt, however, has questioned the contexts under which these claims are made.




Throughout his education and training, he had seen how prevailing conservation theories and practices omitted the ancestral knowledge of people who had lived on the land long before the reserve was established in 1961.

"The more I learned, the more I came to reject what I was hearing," Butt said. "The knowledge wasn't coming from the people who lived here. It was coming from the Global North with very little knowledge of how the Maasai raise livestock and interact with the environment."

With support from a National Science Foundation CAREER Award, Butt and his team have been working to help assert this neglected knowledge's place in conservation science and policy. Too much of that has relied on interpreting experiments designed to approximate the real world at the expense of studying what was happening, he said.

"People always say the livestock are bad, but where is this idea coming from? It's coming from research that doesn't accurately understand how Indigenous people and their livestock interact with the landscape," Butt said. "We wanted to do something that was based in their lived reality."

For their latest publication, Butt and Wenjing Xu, who was a postdoctoral researcher at SEAS, focused on measuring and quantifying the impact of the Maasai's cattle grazing practices.

To do that, they surveyed 60 sites on the reserve every month for 19 months, making observations about cattle, wildlife, vegetation and soil. They also used ecological and statistical models to thoroughly quantify the impact of grazing cattle on these ecological features.




The work confirmed that cattle and large wild herbivores shared the same spaces, especially near the reserve's boundary. But the cattle's direct, measurable effect on the park's land and large herbivores was minimal.

Of the 11 species Butt and Xu studied, only buffalo showed evidence of being displaced by cattle and that effect was small enough to be characterized as "negligible."

Furthermore, although cattle perturbed soil quality and vegetation quantity, the effects were smaller than those from the natural activity of wild herbivores.

"There's a rush to criticize local people and what they do as necessarily detrimental. But that's not the case," Butt said. "If you think about this holistically -- one that looks at the issue ecologically, historically and culturally -- it's a very different message than the one we've been hearing. It's not about doom and gloom. It's about sustainability."
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Belief in academic ability key factor in academic success for low-income students | ScienceDaily
A strong belief in their own academic ability can help children from low-income families defy the odds and achieve academic success, according to new research from Trinity College Dublin.


						
The study, led by Jillian Sheehan and Dr Kristin Hadfield, School of Psychology, focused on the academic resilience of children from low-income backgrounds, particularly in mathematics. The research drew on data from 1,715 children participating in the Growing Up in Ireland longitudinal study, following them across three waves of the dataset.

Poverty can put children at a significant disadvantage academically, with many lagging in academic performance, facing lower chances of completing secondary or higher education and receiving worse marks in State exams, according to the authors.

However, this new research reveals that, despite these challenges, many children living in poverty excel in school. This study, recently published in the British Journal of Developmental Psychology, offers fresh insights into the factors driving their success.

Key findings of the research include:
    	Adolescents from low-income families with lower socioemotional and behavioural difficulties and a strong intellectual self-concept (belief in their own academic abilities) had better maths performance.
    	Lower levels of parent-child conflict, higher parental educational expectations for the child, and greater parental education also emerged as significant predictors of better maths performance.
    	Attending a school that is not part of the DEIS program was associated with better maths performance.

Dr Kristin Hadfield, Assistant Professor in the School of Psychology, commented: "Success in school can be a young person's main avenue to break a cycle of disadvantage. By understanding the diverse factors that shape academic resilience, we can develop targeted interventions to empower young people from low-income backgrounds and enhance their educational outcomes."

"In particular our findings suggest that strategies addressing young people's belief in their own abilities, as well as their emotional and behavioural issues, could be important in enhancing academic resilience."

Lead author on the study Jillian Sheehan said: "Coming from a disadvantaged area in the Northside of Cork city and having attended what is now a DEIS school, this research holds great significance for me. The harsh reality is that academic achievement within our current educational framework is influenced by factors far beyond a child's internal characteristics. Our research underscores the pivotal roles of parents, teachers, educators, researchers, and policymakers in the pursuit of educational equity in this country."

"Our research is timely, offering valuable insights for policymakers, educators, and families as they strive to close the achievement gap and support all students in reaching their full potential. The findings underscore the importance of a comprehensive, multisystemic approach to supporting the academic success of youth from disadvantaged backgrounds."
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COVID-19 lockdowns prematurely aged teenage brains, study shows | ScienceDaily
During the COVID-19 pandemic, governments around the world implemented restrictive measures -- such as stay-at-home orders and school closures -- to mitigate the spread of the respiratory illness. It's been well-documented that this disruption of daily routines and social activities had a negative impact on the mental health of adolescents.


						
Adolescence, the period of transition between childhood and adulthood, is marked by dramatic changes in emotional, behavioral and social development. It's also a time when a sense of self-identity, self-confidence and self-control are developed. The pandemic reduced social interaction for teenagers and led to documented reports of anxiety, depression and stress, especially for girls.

New research from the University of Washington, published online Sept. 9 in the Proceedings of the National Academy of Sciences, found the pandemic also resulted in unusually accelerated brain maturation in adolescents. This maturation was more pronounced in girls. When measured in terms of the number of years of accelerated brain development, the mean acceleration was 4.2 years in females and 1.4 years in males.

"We think of the COVID-19 pandemic as a health crisis," said Patricia Kuhl, senior author and co-director of the UW Institute for Learning & Brain Sciences (I-LABS), "but we know that it produced other profound changes in our lives, especially for teenagers."

Brain maturation is measured by the thickness of the cerebral cortex, the outer layer of tissue in the brain. The cerebral cortex naturally thins with age, even in teens. Chronic stress and adversity are known to accelerate cortical thinning, which is associated with an increased risk for the development of neuropsychiatric and behavioral disorders. Many of these disorders, such as anxiety and depression, often emerge during adolescence -- with females at a higher risk.

The UW research began in 2018 as a longitudinal study of 160 teens between 9 and 17 years, with the original objective of evaluating changes in brain structure during typical adolescence.

The cohort was slated to return in 2020, but the pandemic delayed the repeat tests until 2021. By then, the original intent to study typical teen development was no longer viable.




"Once the pandemic was underway, we started to think about which brain measures would allow us to estimate what the pandemic lockdown had done to the brain," said Neva Corrigan, lead author and research scientist at I-LABS. "What did it mean for our teens to be at home rather than in their social groups -- not at school, not playing sports, not hanging out?"

Using the original 2018 data, researchers created a model of expected cortical thinning during the teen years. They then re-examined the brains of the adolescents, over 80% of whom returned for the second set of measurements. The teens' brains showed a general effect of accelerated thinning across adolescence, but this was much more pronounced in females. The cortical thinning effects in females were seen all over the brain, in all lobes and both hemispheres. In males, the effects were only seen in the visual cortex.

The greater impact on female brains as opposed to male brains could be due to differences in the importance of social interaction for girls versus boys, Kuhl said. She added that female teenagers often rely more heavily on the relationships with other girls, prioritizing the ability to gather, talk to each other and share feelings. Boys tend to gather for physical activity.

"Teenagers really are walking a tightrope, trying to get their lives together," Kuhl said. "They're under tremendous pressure. Then a global pandemic strikes and their normal channels of stress release are gone. Those release outlets aren't there anymore, but the social criticisms and pressures remain because of social media. What the pandemic really seems to have done is to isolate girls. All teenagers got isolated, but girls suffered more. It affected their brains much more dramatically."

The cerebral cortex is unlikely to get thicker again, Kuhl said, but the potential for recovery might take the form of slower thinning over time, after the return of normal social interactions and outlets. Further research will be needed to see if this is the case.

"It is possible that there might be some recovery," Kuhl said. "On the other hand, it's also possible to imagine that brain maturation will remain accelerated in these teens."

In older populations, measures of cognitive brain function, such as processing speed and the ability to complete typical tasks, correlate with how much the cerebral cortex has thinned. That kind of data is not yet available for teenagers, Kuhl said, but it could be where future research is headed.

"The pandemic provided a test case for the fragility of teenagers' brains," Kuhl said. "Our research introduces a new set of questions about what it means to speed up the aging process in the brain. All the best research raises profound new questions, and I think that's what we've done here."

Ariel Rokem, a UW research associate professor of psychology and data science fellow at the eScience Institute, is a co-author. The research was funded by a grant from the Bezos Family Foundation.
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Air pollution exposure in infancy may limit economic mobility in adulthood | ScienceDaily
Higher exposure to fine particulate air pollution (PM2.5) during infancy was associated with lower economic earnings in adulthood in a new study from Harvard T.H. Chan School of Public Health, Harvard John A. Paulson School of Engineering and Applied Sciences, and European University of Rome. The association was most pronounced in the midwestern and southern U.S.


						
"This study takes a big step toward filling the knowledge gap on the crucial link between environmental factors and long-term economic outcomes," said corresponding author Francesca Dominici, Clarence James Gamble Professor of Biostatistics, Population, and Data Science at Harvard Chan School and faculty director of the Harvard Data Science Initiative. "The findings suggest that air pollution can have lasting impacts beyond health effects -- and that these impacts vary across regions and populations."

The study will be published on September 9 in The Proceedings of the National Academy of Sciences.

The study builds upon previous investigations of the relationship between PM2.5 exposure and economic opportunity by using more granular data as well as state-of-the-art causal inference methods to adjust for socioeconomic and demographic confounders. The researchers analyzed data on PM2.5 exposure and economic earnings from 86% of all U.S. census tracts -- small statistical subdivisions of a county -- from 1980 to 2010. They focused on people born from 1978-83, looking at their mean earnings in 2014-15 when they were between the ages of 31-37. To measure economic mobility, they used a statistic called absolute upward mobility (AUM), which is defined as the mean income rank in adulthood of children born to families in the 25th percentile of the national income distribution.

The study found that the higher a person's exposure in infancy to PM2.5, the lower their earnings in adulthood. Nationwide, on average, an increase in PM2.5 exposure by one microgram per cubic meter (mg/m3) in 1982 was associated with a 1.146% lower AUM in 2015. The study also found that PM2.5 exposure had an outsize impact on AUM in specific regions of the U.S., particularly in the Midwest and South.

"Our findings underscore the necessity of implementing stringent air quality standards nationally," said co-lead author Luca Merlo, researcher at European University of Rome. "They also suggest the necessity of locally tailored interventions to mitigate air pollution and of integrated policies that address both environmental and economic inequalities."

Sophie-An Kingsbury Lee, a student at Harvard John A. Paulson School of Engineering and Applied Sciences, was a co-lead author.

The study was funded by the National Institutes of Health (grants R01MD012769, R01ES028033, 5R01AG060232, R01ES030616, R01AG066793, 1R01ES029950, RF1AG07437201A1, R01MD016054, R01ES034373, RF1AG080948, RF1AG071024, R01ES34021, 1U24ES035309, P30ES000002) and the Alfred P. Sloan Foundation (grant G-2020-13946).
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'Out-of-body' research could lead to new ways to promote social harmony | ScienceDaily
Out-of-body experiences, such as near-death experiences, can have a "transformative" effect on people's ability to experience empathy and connect with others, a scientific paper from University of Virginia School of Medicine researchers explains.


						
The fascinating work from UVA's Marina Weiler, PhD, and colleagues not only explores the complex relationship between altered states of consciousness and empathy but could lead to new ways to foster empathy during a particularly fractured time for American society -- and the world.

"Empathy is a fundamental aspect of human interaction that allows individuals to connect deeply with others, fostering trust and understanding," said Weiler, a neuroscientist with UVA's Division of Perceptual Studies. "The exploration, refinement and application of methods to enhance empathy in individuals -- whether through OBE [out-of-body experience]-related ego dissolution or other approaches -- is an exciting avenue with potentially profound implications for individuals and society at large."

How Out-of-Body Experiences Affect Empathy

Weiler's paper examines the possibility that the dramatic increases in empathy seen in people who undergo out-of-body experiences may result from what is known as "ego dissolution" -- the loss of the sense of self. In these instances, people feel they have been severed from their physical form and have connected with the universe at a deeper level. Sometimes known as "ego death" or "ego loss," this state can be brought on by near-death experiences, hallucinogenic drugs and other causes. But people who undergo it often report that their viewpoint on the world, and their place in it, is radically changed.

"The detachment from the physical body often leads to a sense of interconnectedness with all life and a deepened emotional connection with others," the researchers write. "These sensations of interconnectedness can persist beyond the experience itself, reshaping the individual's perception and fostering increased empathy, thereby influencing personal relationships and societal harmony."

Out-of-body experiences can seem more real than reality itself, the researchers note, and this sense of transcendental connectedness can translate into "prosocial" behaviors afterward. Experiencers often become more compassionate, more patient, more understanding. More than half in one study described their relationships with others as more peaceful and harmonious. Many become more spiritual and more convinced of the possibility of life after death.

In their paper, Weiler and her co-authors explore potential explanations for what is happening within the brain to cause these changes. But while that remains unclear, the lasting effects of OBEs are not. And by understanding how these life-changing experiences can enhance empathy, researchers may be able to develop ways to help foster it for society's benefit during a conflicted age.

"Interest in cultivating empathy and other prosocial emotions and behaviors is widespread worldwide," the researchers conclude. "Understanding how virtues related to consideration for others can be nurtured is a goal with personal, societal and potentially global implications."
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Protecting just 0.7% of world's land could help save a third of most unique and endangered species | ScienceDaily
Conservation efforts directed towards just 0.7% of the world's land mass could help protect one third of the world's threatened and unique tetrapod (four-limbed vertebrate) species, new research by Imperial College London, On the Edge, and ZSL has shown.


						
The study, led by researchers at Imperial College London and published this week in Nature Communications, finds that large gains in conservation are possible by focusing on areas home to exceptional biodiversity and species with high levels of evolutionary distinctiveness and global endangerment.

These endangered species include animals like the aye-aye, a highly distinctive lemur found in Madagascar; the long-legged and eagle-bodied secretary bird; the purple frog, which has a nose similar to a pig; and the gharial, a long-snouted and critically endangered crocodile found in the Indian subcontinent.

At present, however, just 20% of the areas identified in the study are under some form of protection, with most areas facing consistent and increasing levels of human pressure.

Lead author Sebastian Pipins, a PhD candidate at the Grantham Institute, Imperial College London, said: "Our research highlights the regions of the world that are of immediate concern. Furthermore, it shows that in protecting just a fraction of the Earth's land surface, huge gains can be made for the preservation of nature."

On the edge of extinction

The project identified specific areas of conservation interest with exceedingly high levels of threatened evolutionarily history that are marked by their concentration of Evolutionarily Distinct (ED) and Globally Endangered (GE) species.




Evolutionary distinctiveness quantifies how unique a species is, with some being the result of long periods of unique evolutionary history with few or no close living relatives. Meanwhile, global endangerment reflects the extinction risk of a species. Species that score highly on both measures are known as EDGE species, while the areas in which these species are found in high concentrations are referred to as EDGE Zones.

Pipins added: "It is crucial to not just consider species diversity in conservation efforts, but also the evolutionary history of diversity, to ensure that large and unique branches from the tree of life are not lost."

Zones of interest

The study mapped the distribution of almost 3,000 EDGE species, identifying 25 EDGE Zones where conservation efforts can have the greatest impact. Specific areas of EDGE species richness include large parts of Southeast Asia and the Indo-Gangetic plain, the Amazon basin and the Atlantic Forest, as well as in Hispaniola, the highlands of Cameroon, and the Eastern Arc mountains of East Africa.

The authors found maximum richness within an area of less than 100-square kilometres in Madagascar, which, along with Mexico and Indonesia, contained the highest number of EDGE species.

Underlining the critical importance of national leadership to support conservation efforts, the research also found that 75.6% of EDGE species exist within a single country.




Co-author Dr Rikki Gumbs, from the ZSL's EDGE of Existence programme, said: "Three-quarters of the world's most unique animals are able to call only one country home, meaning that action from individual nations will go a long way to protect these incredible species from extinction."

Very large areas of Southeast Asia have higher levels of EDGE species, which the researchers say reflects how the looming biodiversity disaster in this region is impacting the highly unique and wide-ranging species found within.

Human factors

The scientists also found that the vast majority of EDGE Zones face high levels of human disturbance and that the human populations found within many EDGE Zone countries face deprivation in education, health, and living standards.

Dr Gumbs added: "We're currently in the midst of a biodiversity crisis, driven by unsustainable use of natural resources; it's shocking but not surprising that 80% of the zones we identified are under high levels of pressure from human activity.."

Given these challenges, governments' limited resources are often prioritised for dealing with human deprivation, leaving less for biodiversity conservation.

Pipins said: "Given the global importance of the biodiversity found within these regions, high-income countries must mobilise funding to facilitate sustainable development that can benefit both humans and nature."

Global goals

Just 20% of EDGE zones are under some form of protection. As countries look to protect 30% of land and sea by 2030, as per the Convention on Biological Diversity's target, the authors call for the unprotected portions of EDGE Zones to be prioritised.

Dr Gumbs said: "With the COP16 Biodiversity Conference on the horizon, we need to see world leaders from across the globe scaling up their commitments and resources to support these efforts and restore the natural world that we all rely on."

The researchers argue that their findings demonstrate that large gains of biodiversity are possible with relatively small additions to globally protected areas. They also argue that their research offers the potential for extending the EDGE Zone approach to other important groups of wildlife, such as plants and fish.

Using EDGE zone research

The EDGE Zones identified in this research will guide the activities of the charitable organisation On the Edge, directing their conservation grant-making, regional campaigns, and grantee-led storytelling.

They will also form part of the decision-making for resource allocation for ZSL's EDGE of Existence programme, which has already funded work on over 50 EDGE species found within EDGE Zone countries, with a particular focus on the Gangetic Plains and Cameroon.
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Five lessons to level up conservation successfully | ScienceDaily
Conservation needs to scale successfully to protect nature. A new paper takes lessons from around the world to show how that might be done.


						
To reverse biodiversity loss and meet ambitious global targets, conservation programmes designed to preserve everything from forests to fish need to work 'at scale'.

Scaling can mean three things. Scaling 'out' means expanding a programme to new people and places, while scaling 'up' means bringing in higher-level institutions, such as governments introducing policies or incentives that make it easier for individuals and private companies to engage.

Scaling 'deep' means changing hearts and minds -- what is socially acceptable. A particularly good example of scaling deep is the 'Don't Mess with Texas' campaign in the 1980s, which successfully made littering a social no-no.

But not every attempt to expand pilot programmes in one or more of these directions works. Now, the Catalysing Conservation team led by Dr Morena Mills at Imperial College London researchers have reviewed conservation initiatives around the world with global experts and come up with five lessons to avoid the pitfalls of ineffective expansion.

The study is published today in Nature Ecology & Evolution, and we spoke to two of the authors on the paper, Dr Thomas Pienkowski and Dr Matthew Clark, both from the Centre for Environmental Policy at Imperial.

Before we dive in, Dr Clark says: "There's no magic bullet -- it's not a case of 'do these five things and you will succeed' -- but we hope these lessons will allow reflection on what hasn't worked, and where we need to go from here."

Lesson 1: There must be a balance between what is effective and what is scalable




Say you have a pilot programme that works with coastal communities to protect fish and other marine resources, aiming to improve the local ecology and economy. Then lots of neighbouring communities take up the programme. Great! This is scaling out, but has it actually been effective? Did it meet the stated goals of protecting marine life and improving local livelihoods? If the answer is no, it has scaled but it is not effective.

Conversely, something can be effective but not scalable. Dr Clark works with communities to support mangrove conservation, which can involve planting programmes. However, many of the seedlings die young. It's possible to use specialised tools and know-how to increase survival rates, which makes the planting more effective, but it is an intensive process, and so not very scalable across rural communities.

The team say these trade-offs between what's scalable and what's effective must be balanced.

Good example: Community-based forestry management in Nepal has been adopted for more than 20,000 forests since the 1980s and appears to have reduced both poverty and deforestation, showing that some initiatives can be both highly scalable and effective.

Lesson 2: Effectiveness can depend on scale

A pilot project that is successful in one area may not work when moved out to a new area. This is common, say the researchers, and can be for a number of reasons: pilots may be in optimal locations and have lots of oversight and investment that expanded programmes won't have, for example.




But it can also work the other way. For example, says Dr Clark: "Where the goal is to protect land for wildlife, larger animals that move over larger areas will only benefit once enough land is conserved, and enough patrols are in place to enforce the protection."

Good example: Cacao agroforestry in Belize became much more effective at scale when a clear market for sustainable cacao emerged and more international companies wanted to promote their use of these products.

Lesson 3: The effects of conservation can change the conditions for further conservation

Sometimes, conservation expansion can backfire even when it's effective. For example, a 10-year project in Mozambique introduced 'no-take' zones for fish and mangrove timber, which increased food security. However, once these areas had regained their value as sources of food and income, conservation support declined, leading to the abandonment of the zones in some areas.

These kinds of feedback loops between environmental change and human behaviour can be negative, as in Mozambique, or positive, where the impact of conservation schemes in one area can lead to neighbouring areas taking them up spontaneously, or where grassroots actions become national policy.

Good example: on the island of Pemba, Zanzibar, protected forest areas initially led to more harvesting on the edges of these zones; but this in turn led to neighbouring communities applying for their own forest protection, spontaneously expanding conversation.

Lesson 4: Pressures to scale can lead to bad practices that undermine long-term outcomes

Ambition is needed to meet ambitious goals, but ambition without care can be harmful. Dr Pienkowski explains one way this can happen: "NGOs [non-governmental organisations] play a really important role in scaling out, providing technical and financial support to local communities. But there can also be blurred boundaries between assistance and coercion.

"This can take the form, for example, of NGOs misleading communities of the benefits they might get from engaging in conservation programmes, or only engaging with people in the community who are most likely to benefit, leaving more vulnerable members behind and widening inequalities."

For example, the REDD+ scheme is designed to help developing countries manage their forests and improve carbon stocks, but its implementation in parts of Tanzania was marred by promised payments not materialising, leading people to abandon conservation efforts and be suspicious of other schemes.

Larger NGOs are often needed to scale programmes, but this can be at the expense of local knowledge and grassroots organisations. For example, 'slash and burn' agriculture is considered bad practice in Europe, so European NGOs may lobby against it, but in communities in Africa it can be well used and an integral part of local ecosystem management.

Good example: Eco-tourism in Costa Rica started locally with support from NGOs, but has now become self-sustaining, meaning it no longer relies on direct aid or other structures that may undermine its long-term success.

Lesson 5: More evidence is needed

Dr Pienkowski explains: "This one is really an appeal from us researchers, who are struggling to develop the evidence base we need to inform more effective scaling strategies. It's very difficult to know which initiatives have gone to scale or not -- this information isn't collected in a systematic or rigorous way."

This is particularly true after programmes have 'ended' -- few NGOs routinely review whether a scheme is still working years after their intervention has ended, or whether it has been abandoned.

Dr Pienkowski concludes: "For those calling for conservation scaling, this is a valuable moment to pause and reflect: with these examples and these lessons, what do we need to change? If we do this, we're more likely to be able to deliver impact at scale and finally bend the curve on biodiversity loss."
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New RSV vaccine for older adults can result in individual and societal cost savings, benefits | ScienceDaily
Vaccination against respiratory syncytial virus for adults over 60 is likely cost-effective by preventing illness, hospitalizations, lost quality of life and deaths, according to new research.


						
The study conducted by researchers at the University of Michigan and the U.S. Centers for Disease Control and Prevention and published in the journal Vaccine, evaluated newly approved RSV vaccines: Arexvy, manufactured by GSK, and Abrysvo, manufactured by Pfizer. The study did not include a third approved vaccine, Moderna's mRESVIA.

The vaccines are now available to adults 60 and older. The CDC recommends a single dose for individuals over 75 and a single dose for those over 60 with increased risk of severe disease. The FDA in May 2023 approved both vaccines for use in older adults, a decision regarded by health care providers and public health experts as a substantial advancement in combating the illness. According to the U.S. Centers for Disease Control and Prevention, RSV results in 60,000 to 160,000 hospitalizations and 6,000 to 10,000 deaths of adults 67 and older each year.

"We view this as a pivotal study that highlights the potential of RSV vaccination to make significant public health and economic impacts for older adults," said David Hutton, corresponding author of the study and professor of health management and policy and global public health at U-M's School of Public Health.

Prior to the approval for vaccines in older adults, RSV immunizations were primarily recommended and used for high-risk infants. RSV is a common respiratory virus that can cause severe respiratory illness in young children, particularly those under a year old.

"As RSV continues to pose a serious threat to individuals in this age group, the goal is for these findings to provide timely insights for healthcare decision-makers and policymakers," Hutton said.

To determine cost-effectiveness, Hutton and colleagues evaluated the general population within the 60 and older age group and recorded RSV-associated health care utilization, including outpatient appointments, emergency department visits, inpatient hospital stays and RSV deaths.




The researchers specifically analyzed quality-adjusted life-years lost, or QALY, and societal costs that come with contracting RSV, and found the costs varied by age group and type of vaccine. The research also showed that vaccine efficacy, the incidence of RSV-related hospitalizations and vaccine costs had the most significant impact on the cost per QALY saved.

For example:
    	For all adults aged 60 and older, the societal cost per QALY saved was $196,842 for GSK's Arexvy and $176,557 for Pfizer's Abrysvo.

    	For adults aged 65 and older, the cost was lower at $162,138 for GSK and $146,543 for Pfizer.
    	For adults between 60 and 64, the cost per QALY saved was notably higher at $385,829 for GSK and $331,486 for Pfizer.

Historically, efforts to prevent and treat RSV have focused on this younger population due to the high risk of hospitalization and severe outcomes. Recognizing similar risks for older populations, RSV vaccines were developed with the goal of preventing severe RSV-related illness, hospitalization and death.

The researchers concluded that RSV vaccination might be cost-effective for adults 60 and older, especially those of more advanced age. They noted that reduced vaccine costs and sustained efficacy beyond two RSV seasons could make RSV vaccination more cost-effective for a broader population. They also said that uncertainties remain, particularly around long-term vaccine efficacy.

"We look forward to continuing working with CDC to determine the best ways to use our health resources to prevent respiratory disease," said Hutton, who also is a professor of operations and industrial engineering at the U-M College of Engineering.

Authors along with Hutton include: Lisa Prosser, Angela Rose and Kerra Mercon of the University of Michigan, and Ismael Ortega-Sanchez, Andrew Leidner, Fiona Havers, Mila Prill, Michael Whitaker, Lauren Roper, Jamison Pike, Amadea Britton and Michael Melgar of the CDC.
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Self-medicating gorillas and traditional healers provide clues for new drug discovery
        Four plants consumed by wild gorillas in Gabon and used by local communities in traditional medicine show antibacterial and antioxidant properties, researchers report.

      

      
        Researchers develop a stretchable, wearable device that lights up an LED using only the warmth of your skin
        Researchers have developed a flexible, durable electronic prototype that can harvest energy from body heat and turn it into electricity that can be used to power small electronics, such as batteries, sensors or LEDs. This device is also resilient -- it still functions even after being pierced several times and then stretched 2,000 times.

      

      
        Microscale robot folds into 3D shapes and crawls
        Researchers have created microscale robots less than 1 millimeter in size that are printed as a 2D hexagonal 'metasheet' but, with a jolt of electricity, morph into preprogrammed 3D shapes and crawl.

      

      
        Mirror, mirror, in my tank, who's the biggest fish of all?
        Researchers have demonstrated that bluestreak cleaner wrasse (Labroides dimidiatus) checked their body size in a mirror before choosing whether to attack fish that were slightly larger or smaller than themselves, saying it was the first time for a non-human animal to be demonstrated to possess some mental states that are elements of private self-awareness.

      

      
        Scientists expand the genetic alphabet to create new proteins
        It's a dogma taught in every introductory biology class: Proteins are composed of combinations of 20 different amino acids, arranged into diverse sequences like words. But researchers trying to engineer biologic molecules with new functions have long felt limited by those 20 basic building blocks and strived to develop ways of putting new building blocks -- called non-canonical amino acids -- into their proteins. Now, scientists have designed a new paradigm for easily adding non-canonical amino a...

      

      
        Astronomers track bubbles on star's surface
        Astronomers have captured images of a star other than the Sun in enough detail to track the motion of bubbling gas on its surface. The images of the star, R Doradus, were obtained in July and August 2023. They show giant, hot bubbles of gas, 75 times the size of the Sun, appearing on the surface and sinking back into the star's interior faster than expected.

      

      
        Researchers combine the power of AI and the connectome to predict brain cell activity
        With maps of the connections between neurons and artificial intelligence methods, researchers can now do what they never thought possible: predict the activity of individual neurons without making a single measurement in a living brain.

      

      
        Flightless parrot in New Zealand developed different feather colors to evade predatory birds
        Aotearoa New Zealand's flightless parrot, the k k p , evolved two different color types to potentially help them avoid detection by a now-extinct apex predator, researchers report.

      

      
        New AI can ID brain patterns related to specific behavior
        Scientists have developed a new AI algorithm that can separate brain patterns related to a particular behavior. This work promises to improve brain-computer interfaces and aid with the discovery of new brain patterns.

      

      
        Giant fanged frog went unrecognized in Philippines because it was nearly identical to even larger species
        Researchers published findings describing a new species of fanged frog, named Limnonectes cassiopeia, from the Philippine island of Luzon.

      

      
        Formation of super-Earths is limited near metal-poor stars
        In a new study, astronomers report novel evidence regarding the limits of planet formation, finding that after a certain point, planets larger than Earth have difficulty forming near low-metallicity stars.

      

      
        Artificial muscles propel a robotic leg to walk and jump
        Researchers have developed a robotic leg with artificial muscles. Inspired by living creatures, it jumps across different terrains in an agile and energy-efficient manner.

      

      
        'Out-of-body' research could lead to new ways to promote social harmony
        Out-of-body experiences, such as near-death experiences, can have a 'transformative' effect on people's ability to experience empathy and connect with others, new research explains.

      

      
        How Japanese eels escape from their predator's stomach
        Many prey species have defensive tactics to escape being eaten by their would-be predators. But a new study has taken it to another level by offering the first video evidence of juvenile Japanese eels escaping after being swallowed into the stomachs of their fish predators.

      

      
        'Ice bucket challenge' reveals that bacteria can anticipate the seasons
        Bacteria use their internal 24-hour clocks to anticipate the arrival of new seasons, according to research carried out with the assistance of an 'ice bucket challenge.'

      

      
        'Some pterosaurs would flap, others would soar' -- new study further confirms the flight capability of these giants of the skies
        Some species of pterosaurs flew by flapping their wings while others soared like vultures, demonstrates a new study. Findings include a new pterosaur with a five-meter wingspan, which is one of the most complete pterosaurs ever recovered from Afro-Arabia.

      

      
        AI helps distinguish dark matter from cosmic noise
        An AI-powered tool can distinguish dark matter's elusive effects from other cosmic phenomena, which could bring us closer to unlocking the secrets of dark matter.

      

      
        Astrophysics: AI shines a new light on exoplanets
        A team models the atmospheres of distant planets using neural networks.

      

      
        Researchers create a one-dimensional gas out of light
        Physicists have created a one-dimensional gas out of light. This has enabled them to test theoretical predictions about the transition into this exotic state of matter for the first time. The method used in the experiment by the researchers could be used for examining quantum effects.

      

      
        Massive merger: Study reveals evidence for origin of supermassive black hole at galaxy's center
        Researchers have discovered compelling evidence suggesting that the supermassive black hole at the center of our Milky Way galaxy, known as Sagittarius A* (Sgr A*), is likely the result of a past cosmic merger. The study builds on recent observations from the Event Horizon Telescope (EHT), which captured the first direct image of Sgr A* in 2022.

      

      
        Scientists make tissue of living animals see-through
        In a pioneering new study, researchers made the skin on the skulls and abdomens of live mice transparent by applying to the areas a mixture of water and a common yellow food coloring called tartrazine.

      

      
        Gravitational waves unveil previously unseen properties of neutron stars
        A better understanding of the inner workings of neutron stars will lead to a greater knowledge of the dynamics that underpin the workings of the universe and also could help drive future technology. A new study details how new insights into how dissipative tidal forces within double -- or binary -- neutron star systems will inform our understanding of the universe.
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Self-medicating gorillas and traditional healers provide clues for new drug discovery | ScienceDaily
Four plants consumed by wild gorillas in Gabon and used by local communities in traditional medicine show antibacterial and antioxidant properties, find Leresche Even Doneilly Oyaba Yinda from the Interdisciplinary Medical Research Center of Franceville in Gabon and colleagues in a new study publishing September 11 in the open-access journal PLOS ONE.


						
Wild great apes often consume medicinal plants that can treat their ailments. The same plants are often used by local people in traditional medicine.

To investigate, researchers observed the behavior of western lowland gorillas (Gorilla gorilla gorilla) in Moukalaba-Doudou National Park in Gabon and recorded the plants they ate. Next, they interviewed 27 people living in the nearby village of Doussala, including traditional healers and herbalists, about the plants that were used in local traditional medicine. The team identified four native plant species that are both consumed by gorillas and used in traditional medicine: the fromager tree (Ceiba pentandra), giant yellow mulberry (Myrianthus arboreus), African teak (Milicia excelsa) and fig trees (Ficus). They tested bark samples of each plant for antibacterial and antioxidant properties and investigated their chemical composition.

The researchers found that the bark of all four plants had antibacterial activity against at least one multidrug-resistant strain of the bacterium Escherichia coli. The fromager tree showed "remarkable activity" against all tested E.coli strains. All four plants contained compounds that have medicinal effects, including phenols, alkaloids, flavonoids, and proanthocyanidins. However, it's not clear if gorillas consume these plants for medicinal or other reasons.

Biodiverse regions, such as central Africa, are home to a huge reservoir of unexplored and potentially medicinal plants. This research provides preliminary insights about plants with antibacterial and antimicrobial properties, and the four plants investigated in this study might be promising targets for further drug discovery research -- particularly with the aim of treating multidrug-resistant bacterial infections.

The authors add: "Alternative medicines and therapies offer definite hope for the resolution of many present and future public health problems. Zoopharmacognosy is one of these new approaches, aimed at discovering new drugs."
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Researchers develop a stretchable, wearable device that lights up an LED using only the warmth of your skin | ScienceDaily
One of the drawbacks of fitness trackers and other wearable devices is that their batteries eventually run out of juice. But what if in the future, wearable technology could use body heat to power itself?


						
UW researchers have developed a flexible, durable electronic prototype that can harvest energy from body heat and turn it into electricity that can be used to power small electronics, such as batteries, sensors or LEDs. This device is also resilient -- it still functions even after being pierced several times and then stretched 2,000 times.

The team detailed these prototypes in a paper published Aug. 30 in Advanced Materials.

"I had this vision a long time ago," said senior author Mohammad Malakooti, UW assistant professor of mechanical engineering. "When you put this device on your skin, it uses your body heat to directly power an LED. As soon as you put the device on, the LED lights up. This wasn't possible before."

Traditionally, devices that use heat to generate electricity are rigid and brittle, but Malakooti and team previously created one that is highly flexible and soft so that it can conform to the shape of someone's arm.

This device was designed from scratch. The researchers started with simulations to determine the best combination of materials and device structures and then created almost all the components in the lab.

It has three main layers. At the center are rigid thermoelectric semiconductors that do the work of converting heat to electricity. These semiconductors are surrounded by 3D-printed composites with low thermal conductivity, which enhances energy conversion and reduces the device's weight. To provide stretchability, conductivity and electrical self-healing, the semiconductors are connected with printed liquid metal traces. Additionally, liquid metal droplets are embedded in the outer layers to improve heat transfer to the semiconductors and maintain flexibility because the metal remains liquid at room temperature. Everything except the semiconductors was designed and developed in Malakooti's lab.




In addition to wearables, these devices could be useful in other applications, Malakooti said. One idea involves using these devices with electronics that get hot.

"You can imagine sticking these onto warm electronics and using that excess heat to power small sensors," Malakooti said. "This could be especially helpful in data centers, where servers and computing equipment consume substantial electricity and generate heat, requiring even more electricity to keep them cool. Our devices can capture that heat and repurpose it to power temperature and humidity sensors. This approach is more sustainable because it creates a standalone system that monitors conditions while reducing overall energy consumption. Plus, there's no need to worry about maintenance, changing batteries or adding new wiring."

These devices also work in reverse, in that adding electricity allows them to heat or cool surfaces, which opens up another avenue for applications.

"We're hoping someday to add this technology to virtual reality systems and other wearable accessories to create hot and cold sensations on the skin or enhance overall comfort," Malakooti said. "But we're not there yet. For now, we're starting with wearables that are efficient, durable and provide temperature feedback."

Additional co-authors are Youngshang Han, a UW doctoral student in mechanical engineering, and Halil Tetik, who completed this research as a UW postdoctoral scholar in mechanical engineering and is now an assistant professor at Izmir Institute of Technology. Malakooti and Han are both members of the UW Institute for Nano-Engineered Systems. This research was funded by the National Science Foundation, Meta and The Boeing Company.
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Microscale robot folds into 3D shapes and crawls | ScienceDaily
Cornell University researchers have created microscale robots less than 1 millimeter in size that are printed as a 2D hexagonal "metasheet" but, with a jolt of electricity, morph into preprogrammed 3D shapes and crawl.


						
The robot's versatility is due to a novel design based on kirigami, a cousin of origami, in which slices in the material enable it to fold, expand and locomote.

The team's paper, "Electronically Configurable Microscopic Metasheet Robots," published Sept. 11 in Nature Materials. The paper's co-lead authors are postdoctoral researchers Qingkun Liu and Wei Wang. The project was led by Itai Cohen, professor of physics. His lab has previously produced microrobotic systems that can actuate their limbs, pump water via artificial cilia and walk autonomously.

In a sense, the origins of the kirigami robot were inspired by "living organisms that can change their shape." Liu said. "But when people make a robot, once it's fabricated, it might be able to move some limbs but its overall shape is usually static. So we've made a metasheet robot. The 'meta' stands for metamaterial, meaning that they're composed of a lot of building blocks that work together to give the material its mechanical behaviors."

The robot is a hexagonal tiling composed of approximately 100 silicon dioxide panels that are connected through more than 200 actuating hinges, each about 10 nanometers thin. When electrochemically activated via external wires, the hinges form mountain and valley folds and act to splay open and rotate the panels, allowing the robot to change its coverage area and locally expand and contract by up to 40%. Depending which hinges are activated, the robot can adopt various shapes and potentially wrap itself around other objects, and then unfold itself back into a flat sheet.

Cohen's team is already thinking of the next phase of metasheet technology. They anticipate combining their flexible mechanical structures with electronic controllers to create ultra-responsive "elastronic" materials with properties that would never be possible in nature. Applications could range from reconfigurable micromachines to miniaturized biomedical devices and materials that can respond to impact at nearly the speed of light, rather than the speed of sound.

"Because the electronics on each individual building block can harvest energy from light, you can design a material to respond in programmed ways to various stimuli. When prodded, such materials, instead of deforming, could 'run' away, or push back with greater force than they experienced," Cohen said. "We think that these active metamaterials -- these elastronic materials -- could form the basis for a new type of intelligent matter governed by physical principles that transcend what is possible in the natural world."
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Mirror, mirror, in my tank, who's the biggest fish of all? | ScienceDaily
What if that proverbial man in the mirror was a fish? Would it change its ways? According to an Osaka Metropolitan University-led research group, yes, it would.


						
In what the researchers say in Scientific Reports is the first time for a non-human animal to be demonstrated to possess some mental states (e.g., mental body image, standards, intentions, goals) which are elements of private self-awareness, bluestreak cleaner wrasse (Labroides dimidiatus) checked their body size in a mirror before choosing whether to attack fish that were slightly larger or smaller than themselves.

The team of OMU Graduate School of Science student Taiga Kobayashi, Specially Appointed Professor Masanori Kohda, Professor Satoshi Awata, and Specially Appointed Researcher Shumpei Sogawa, and Professor Redouan Bshary of Switzerland's University of Neuchatel, were among the group that last year reported the cleaner wrasse could identify photographs of itself as itself, based on its face through mirror self-recognition.

This time, the cleaner wrasse's behavior of going to look in the mirror installed in a tank when necessary indicated the possibility that the fish were using the mirror to check their own body size against that of other fish and predict the outcome of fights.

"The results that fish can use the mirror as a tool can help clarify the similarities between human and non-human animal self-awareness and provide important clues to elucidate how self-awareness has evolved," doctoral candidate Kobayashi declared.

This study was financially supported by JST SPRING (JPMJSP2139 to T.K.), JSPS KAKENHI (23KJ1829 to T.K., 19F19713 and 20K20630 to M.K., 22H02703 to S.A., and 20K20154 to S.S.), Swiss Science Foundation (310030_192673 to R.B.), and an OCU Strategic Research Grant 2018-2019 (to M.K. and S.A.).
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Scientists expand the genetic alphabet to create new proteins | ScienceDaily
It's a dogma taught in every introductory biology class: Proteins are composed of combinations of 20 different amino acids, arranged into diverse sequences like words. But researchers trying to engineer biologic molecules with new functions have long felt limited by those 20 basic building blocks and strived to develop ways of putting new building blocks -- called non-canonical amino acids -- into their proteins.


						
Now, scientists at Scripps Research have designed a new paradigm for easily adding non-canonical amino acids to proteins. Their approach, described in Nature Biotechnologyon September 11, 2024, revolves around using four RNA nucleotides -- rather than the typical three -- to encode each new amino acid.

"Our goal is to develop proteins with tailored functions for applications in fields spanning bioengineering to drug discovery," says senior author Ahmed Badran, PhD, an assistant professor of chemistry at Scripps Research. "Being able to incorporate non-canonical amino acids into proteins with this new method gets us closer to that goal."

For a cell to produce any given protein, it must translate a strand of RNA into a string of amino acids. Every three nucleotides of RNA, called a codon, correspond to one amino acid. But many amino acids have more than one possible codon; for instance, RNA reading the sequences UAU and UAC both correspond to the amino acid tyrosine. It's the job of small molecules called transfer RNAs (tRNAs) to link each amino acid to its corresponding codons.

Recently, researchers aiming to add completely new amino acids to a protein have created strategies to reassign a codon. For instance, the UAU codon could be linked to a new amino acid by changing the tRNA for UAU; this would result in UAU being read by the cell as corresponding to a building block other than tyrosine. But at the same time, every instance of UAU in the cell's genome would need to become UAC, in order to prevent the new amino acid from being integrated into thousands of other proteins where it doesn't belong.

"Creating free codons by whole genome recoding can be a powerful strategy, but it can also be a challenging undertaking since it requires considerable resources to build new genomes," says Badran. "For the organism itself, it can be difficult to predict how such codon changes influence genome stability and host protein production."

Badran and his colleagues wanted to create an efficient plug-and-play strategy that would only incorporate the chosen non-canonical amino acid(s) into specific sites in a target protein, without disrupting the cell's normal biology or requiring the entire genome to be edited. That meant using tRNA that wasn't already assigned to an amino acid. Their solution: a four-nucleotide codon.




The team knew that in a few situations -- such as bacteria quickly adapting to resist drugs -- four-nucleotide codons had naturally evolved. So, in their new work, the researchers studied what caused cells to use a codon with four nucleotides rather than three. They discovered that the identities of the sequences nearby to the four-base codon were critical -- frequently used codons enhanced how the cell could read a four-nucleotide codon to incorporate a non-canonical amino acid.

Badran's group then tested whether they could alter the sequence of a single gene so that it had a new four-nucleotide codon that would be correctly used by the cell. The method worked: When the researchers surrounded a target site with three-letter, frequently used codons and maintained sufficient levels of the four-nucleotide tRNA, the cell incorporated any new amino acid that was attached to the corresponding four-letter tRNA. The research team repeated the experiment with 12 different four-nucleotide codons and then used the technique to design more than 100 new cyclic peptides -- called macrocycles -- with up to three non-canonical amino acids in each.

"These cyclic peptides are reminiscent of bioactive small molecules that one might find in nature," says Badran. "By capitalizing on the programmability of protein synthesis and the diversity of building blocks accessible by this approach, we can create new-to-nature small molecules that will have exciting applications in drug discovery."

He adds that, compared with previous approaches to non-canonical amino acid incorporation, this new method is easy to use since it involves altering only one gene rather than a cell's entire genome. Additionally, more non-canonical amino acids could be used in a single protein since there are more possible four-nucleotide codons than three-nucleotide ones.

"Our results suggest that one can now easily and effectively incorporate non-canonical amino acids at diverse sites in a wide array of proteins," says Badran. "We're excited about these possibilities for our ongoing work and to provide this capability to the broader community."

He notes that the technique could be used to re-engineer existing proteins -- or create entirely new ones -- that have utility in a range of sectors, including medicine, manufacturing and chemical sensing.

This work was supported by funding from the National Institutes of Health (DP5-OD024590), the Research Corporation for Science Advancement, the Sloan Foundation (G-2023-19625), the Thomas Daniel Innovation Fund (627163_1), an Abdul Latif Jameel Water and Food Systems Lab Grand Challenge Award (GR000141-S6241), a Breakthrough Energy Explorer Grant (GR000056), the Foundation for Food & Agriculture Research (28-000578), a Homeworld Collective Garden Grant (GR000129), the Army Research Office (81341- BB-ECP), the Hope Funds for Cancer Research (HFCR-23-03-01), a Skaggs-Oxford Scholarship and a Fletcher Jones Foundation Fellowship.
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Astronomers track bubbles on star's surface | ScienceDaily
For the first time, astronomers have captured images of a star other than the Sun in enough detail to track the motion of bubbling gas on its surface. The images of the star, R Doradus, were obtained with the Atacama Large Millimeter/submillimeter Array (ALMA), a telescope co-owned by the European Southern Observatory (ESO), in July and August 2023. They show giant, hot bubbles of gas, 75 times the size of the Sun, appearing on the surface and sinking back into the star's interior faster than expected.


						
"This is the first time the bubbling surface of a real star can be shown in such a way,"* says Wouter Vlemmings, a professor at Chalmers University of Technology, Sweden, and lead author of the study published today in Nature. "We had never expected the data to be of such high quality that we could see so many details of the convection on the stellar surface."

Stars produce energy in their cores through nuclear fusion. This energy can be carried out towards the star's surface in huge, hot bubbles of gas, which then cool down and sink -- like a lava lamp. This mixing motion, known as convection, distributes the heavy elements formed in the core, such as carbon and nitrogen, throughout the star. It is also thought to be responsible for the stellar winds that carry these elements out into the cosmos to build new stars and planets.

Convection motions had never been tracked in detail in stars other than the Sun, until now. By using ALMA, the team were able to obtain high-resolution images of the surface of R Doradus over the course of a month. R Doradus is a red giant star, with a diameter roughly 350 times that of the Sun, located about 180 light-years away from Earth in the constellation Dorado. Its large size and proximity to Earth make it an ideal target for detailed observations. Furthermore, its mass is similar to that of the Sun, meaning R Doradus is likely fairly similar to how our Sun will look like in five billion years, once it becomes a red giant.

"Convection creates the beautiful granular structure seen on the surface of our Sun, but it is hard to see on other stars," adds Theo Khouri, a researcher at Chalmers who is a co-author of the study. "With ALMA, we have now been able to not only directly see convective granules -- with a size 75 times the size of our Sun! -- but also measure how fast they move for the first time."

The granules of R Doradus appear to move on a one-month cycle, which is faster than scientists expected based on how convection works in the Sun. "We don't yet know what is the reason for the difference. It seems that convection changes as a star gets older in ways that we don't yet understand," says Vlemmings. Observations like those now made of R Doradus are helping us to understand how stars like the Sun behave, even when they grow as cool, big and bubbly as R Doradus is.

"It is spectacular that we can now directly image the details on the surface of stars so far away, and observe physics that until now was mostly only observable in our Sun," concludes Behzad Bojnodi Arbab, a PhD student at Chalmers who was also involved in the study.

Notes

*Convection bubbles have been previously observed in detail on the surface of stars, including with the PIONIER instrument on ESO's Very Large Telescope Interferometer. But the new ALMA observations track the motion of the bubbles in a way that was not possible before.
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Researchers combine the power of AI and the connectome to predict brain cell activity | ScienceDaily
With maps of the connections between neurons and artificial intelligence methods, researchers can now do what they never thought possible: predict the activity of individual neurons without making a single measurement in a living brain.


						
For decades, neuroscientists have spent countless hours in the lab painstakingly measuring the activity of neurons in living animals to tease out how the brain enables behavior. These experiments have yielded groundbreaking insights into how the brain works, but they have only scratched the surface, leaving much of the brain unexplored.

Now, researchers are using artificial intelligence and the connectome -- a map of neurons and their connections created from brain tissue -- to predict the role of neurons in the living brain. Using only information about the connectivity of a neural circuit gleaned from the fruit fly visual system connectome and a guess at what the circuit is supposed to do, researchers created an AI simulation of the fruit fly visual system that can predict the activity of every neuron in the circuit.

"We now have a computational method for turning measurements of the connectome into predictions of neural activity and brain function, without first starting with difficult-to-acquire measurements of neural activity for every neuron," says Janelia Group Leader Srini Turaga, a senior author on the new research.

The team of scientists from HHMI's Janelia Research Campus and the University of Tubingen used the connectome to build a detailed deep mechanistic network simulation of the fly visual system, where each neuron and synapse in the model corresponds to a real neuron and synapse in the brain. Although they didn't know the dynamics of every neuron and synapse, data from the connectome allowed the team to use deep learning methods to infer these unknown parameters. They combined this information with knowledge about the circuit's goal: motion detection.

"At that point, everything fell into place, and we could finally figure out if this connectome-constrained model gives us a good model of the brain," says Janne Lappalainen, a PhD student at the University of Tubingen who led the research.

The new model predicts the neural activity produced by 64 neuron types in the fruit fly visual system in response to visual input and accurately reproduces more than two dozen experimental studies performed over the past two decades.




By enabling researchers to predict the activity of individual neurons using only the connectome, the new work has the potential to transform how neuroscientists generate and test hypotheses about how the brain works. In principle, scientists can now use the model to simulate any experiment and generate detailed predictions that can be tested in the lab.

The new research provides more than 450 pages of predictions gleaned from the new model, including identification of cells not known to be involved in motion detection previously, which can now be examined in living flies.

The group's work provides a strategy for turning the wealth of connectome data being generated by Janelia and other research institutions into advanced understanding of the living brain, according to the researchers.

"There is a big gap between the static snapshot of the connectome and the dynamics of real-life computation in the living brain, and the question was, can we bridge that gap in a model? This paper, for the specific example of the fruit fly, shows a strategy for bridging that gap," says Jakob Macke, a senior author on the paper and a professor at the University of Tubingen.
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Flightless parrot in New Zealand developed different feather colors to evade predatory birds | ScienceDaily
Aotearoa New Zealand's flightless parrot, the kakapo, evolved two different color types to potentially help them avoid detection by a now-extinct apex predator, Lara Urban at Helmholtz AI, Germany and colleagues from the Aotearoa New Zealand Department of Conservation and the Maori iwi Ngai Tahu, report in the open-access journal PLOS Biology, publishing September 10.


						
The kakapo (Strigops habroptilus) is a nocturnal, flightless parrot endemic to New Zealand. It experienced severe population declines after European settlers introduced new predators. By 1995 there were just 51 individuals left, but intense conservation efforts have helped the species rebound to around 250 birds. Kakapo come in one of two colors -- green or olive -- which occur in roughly equal proportions.

To understand how this color variation evolved and why it was maintained despite population declines, researchers analyzed genome sequence data for 168 individuals, representing nearly all living kakapo at the time of sequencing. They identified two genetic variants that together explain color variation across all the kakapo they studied. Scanning electron microscopy showed that green and olive feathers reflect slightly different wavelengths of light because of differences in their microscopic structure. The researchers estimate that olive coloration first appeared around 1.93 million years ago, coinciding with the evolution of two predatory birds: Haast's eagle and Eyles' harrier. Computer simulations suggest that whichever color was rarer would have been less likely to be detected by predators, explaining why both colors persisted in the kakapo population over time.

The results suggest that kakapo coloration evolved due to pressure from apex predators that hunted by sight. This variation has remained even after the predators went extinct, around 600 years ago. The authors argue that understanding the origins of kakapo coloration might have relevance to the conservation of this critically endangered species. They show that without intervention, kakapo color variation could be lost within just 30 generations, but it would be unlikely to negatively impact the species today.

Co-author and conservationist Andrew Digby adds, "By using a comprehensive genomic library for the species, we have explained how the current colour morphs of kakapo might be a result of pressure from extinct predators. Using genomics to understand the current significance of such characteristics is important as we seek to restore the mauri (life force) of kakapo by reducing intensive management and returning them to their former habitats."
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New AI can ID brain patterns related to specific behavior | ScienceDaily
Maryam Shanechi, the Sawchuk Chair in Electrical and Computer Engineering and founding director of the USC Center for Neurotechnology, and her team have developed a new AI algorithm that can separate brain patterns related to a particular behavior. This work, which can improve brain-computer interfaces and discover new brain patterns, has been published in the journal Nature Neuroscience.


						
As you are reading this story, your brain is involved in multiple behaviors.

Perhaps you are moving your arm to grab a cup of coffee, while reading the article out loud for your colleague, and feeling a bit hungry. All these different behaviors, such as arm movements, speech and different internal states such as hunger, are simultaneously encoded in your brain. This simultaneous encoding gives rise to very complex and mixed-up patterns in the brain's electrical activity. Thus, a major challenge is to dissociate those brain patterns that encode a particular behavior, such as arm movement, from all other brain patterns.

For example, this dissociation is key for developing brain-computer interfaces that aim to restore movement in paralyzed patients. When thinking about making a movement, these patients cannot communicate their thoughts to their muscles. To restore function in these patients, brain-computer interfaces decode the planned movement directly from their brain activity and translate that to moving an external device, such as a robotic arm or computer cursor.

Shanechi and her former Ph.D. student, Omid Sani, who is now a research associate in her lab, developed a new AI algorithm that addresses this challenge. The algorithm is named DPAD, for "Dissociative Prioritized Analysis of Dynamics."

"Our AI algorithm, named DPAD, dissociates those brain patterns that encode a particular behavior of interest such as arm movement from all the other brain patterns that are happening at the same time," Shanechi said. "This allows us to decode movements from brain activity more accurately than prior methods, which can enhance brain-computer interfaces. Further, our method can also discover new patterns in the brain that may otherwise be missed."

"A key element in the AI algorithm is to first look for brain patterns that are related to the behavior of interest and learn these patterns with priority during training of a deep neural network," Sani added. "After doing so, the algorithm can later learn all remaining patterns so that they do not mask or confound the behavior-related patterns. Moreover, the use of neural networks gives ample flexibility in terms of the types of brain patterns that the algorithm can describe."

In addition to movement, this algorithm has the flexibility to potentially be used in the future to decode mental states such as pain or depressed mood. Doing so may help better treat mental health conditions by tracking a patient's symptom states as feedback to precisely tailor their therapies to their needs.

"We are very excited to develop and demonstrate extensions of our method that can track symptom states in mental health conditions," Shanechi said. "Doing so could lead to brain-computer interfaces not only for movement disorders and paralysis, but also for mental health conditions."
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Giant fanged frog went unrecognized in Philippines because it was nearly identical to even larger species | ScienceDaily
Researchers from the University of Kansas have published findings in the journal Ichthyology & Herpetology describing a new species of fanged frog, named Limnonectes cassiopeia, from the Philippine island of Luzon.


						
Surprisingly, specimens of the new species have been collected a dozen times over the last 20 years, but all were mistakenly thought to be the juvenile version of the well-known, nearly identical (but not too closely related, it turns out) Luzon Giant Fanged Frog.

"They're called that because the males of some species have large, bony protuberances, like fangs, in their lower jaw -- it's pretty unique," said lead author Mark Herr, doctoral student at KU's Biodiversity Institute and Natural History Museum. "It's still a bit of a mystery, but it's become generally assumed that these fangs are used for male-to-male combat. The males' fangs are much larger than the females. These males have big heads, and a lot of these frogs can be huge -- some as large as chickens elsewhere in Southeast Asia."

At first, Herr identified Limnonectes cassiopeia while conducting a larger genetic survey of all Philippine fanged frogs, which includes a little over a dozen known species.

"I sequenced many of them to establish a good genetic dataset, allowing me to examine their patterns of relatedness," Herr said. "Many species were originally described, over the last century and a half, based solely on their physical appearance -- before modern genetic analysis was available. In Luzon, there were two known species of fanged frogs: Limnonectes macrocephalus, the large one, and a medium-sized one called Limnonectes woodworthi. However, I discovered a different group next to macrocephalus that appeared in the genetic data as a distinct branch."

Finding this third, previously unknown species in the fanged frog genetic data prompted Herr to begin physical scrutiny of museum specimens, bolstered and guided by the attention-grabbing genetics. He hoped to see if he could tell any part of their morphology apart from the Luzon Giant Fanged Frog, because the genetic analysis suggested they'd evolved rather independently.

Luckily, extensive work in the Philippines by Herr's KU faculty mentor Rafe Brown and previous generations of KU researchers meant there was an abundance of specimens at the KU Biodiversity Institute and Natural History Museum. Brown served as a co-author on the new paper along with KU master's student Hannah Som.




"I verified my genetic work to ensure there were no mistakes, and there were none," Herr said. "This led me to examine all the Limnonectes specimens from Luzon at the museum. We have hundreds of these frogs, and I carefully compared the 19 that had appeared in the new genetic cluster to those from the main cluster."

In straining to distinguish between physical traits of the two species, Herr said it was made easy to understand how they could be confused as the same species.

"I'm a herpetologist, I spend a lot of time looking at frogs -- I looked at these things for a couple of weeks, just staring at them, trying to see if I could see something, and I couldn't," Herr said. "I couldn't see any major difference. It's not like one group is conspicuously colored, or visibly striped and the other isn't."

Herr began detailed measurements of the fanged frog specimens.

"We have a bunch of standardized measurements that are designed to find differences between populations -- to see if differences reflect patterns of speciation," Herr said. "I ran comparisons among the populations, began to suspect they might represent different species, and then I delved further, with detailed comparisons of different characters against each other."

Finally, Herr arrived at his "big breakthrough" when he discovered the genetically distinct species all had smaller toe discs -- and they were white.




"The discs are important," Herr said. "Statistically, in comparison to their body size, they may have smaller toe pads. So, I took all the genetically identified specimens back out again and found the key character -- a simple physical trait that anyone can assess in the wild. If they catch one of these frogs, they can flip it over and tell right away. Not only are the toe pads smaller, but they're white. They're pale, completely unpigmented, which sets them apart from the primary species, Limnonectes macrocephalus, which has dark gray pigmented toe pads."

Herr said the unnoticed detail is even more remarkable because the frogs' home island is more densely populated than Great Britain.

"People from Luzon have been catching these frogs -- the whole group -- for 100-plus years," he said, adding they are part of the diet of several indigenous groups. "They have these white discs. ... but I thought: Who would look at that? Who would think about it? Because we have these genetic resources, I now know there's something different about these frogs. I knew I should go see if that's real. The frogs are genetically divergent; so, I thought, let's see if this single trait corresponds to a major difference in their overall physical makeup, their size and shape  -- the way the frogs appear in physical space."

Indeed, Herr was reminded of the five-star constellation Cassiopeia by the new species' five white toepads, naming the new species Limnonectes cassiopeia.

Another major difference became apparent to Herr in time -- the new Limnonectes cassiopeia species developed its characteristic big head earlier in its development, from juvenile to adult, than Limnonectes macrocephalus.

"Obviously, the giant macrocephalus frogs overlap in size because they all start out really tiny, and you wouldn't be able to tell," he said. "You'd just think these are all juvenile macrocephalus -- that's what everyone who had caught one had thought for the last 25 years. But I did some measurements to determine that once the males start to reach sexual maturity, they get these big, wider heads and develop huge fangs. Sometimes, when we consider their use of fangs for combat, we see some big male Limnonectes with scars on their heads, presumably injuries from fighting. And my analysis showed that the big heads start to show up on this new genetic cluster at an overall body smaller size."

Now that the new species has been recognized, Herr hopes to learn more about its behavior in the wild and how it differs from Limnonectes macrocephalus.

"Now that we know they're different, we can go out and watch them and study their natural history and detail. Maybe they're doing something totally different in the wild, you know?" he said. "That's exciting for me."
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Formation of super-Earths is limited near metal-poor stars | ScienceDaily
In a new study, astronomers report novel evidence regarding the limits of planet formation, finding that after a certain point, planets larger than Earth have difficulty forming near low-metallicity stars.


						
Using the sun as a baseline, astronomers can measure when a star formed by determining its metallicity, or the level of heavy elements present within it. Metal-rich stars or nebulas formed relatively recently, while metal-poor objects were likely present during the early universe.

Previous studies found a weak connection between metallicity rates and planet formation, noting that as a star's metallicity goes down, so, too, does planet formation for certain planet populations, like sub-Saturns or sub-Neptunes.

Yet this work is the first to observe that under current theories, the formation of super-Earths near metal-poor stars becomes significantly more difficult, suggesting a strict cut-off for the conditions needed for one to form, said lead author Kiersten Boley, who recently received a PhD in astronomy at The Ohio State University.

"When stars cycle through life, they enrich the surrounding space until you have enough metals or iron to form planets," said Boley. "But even for stars with lower metallicities, it was widely thought that the number of planets it could form would never reach zero."

Other studies posited that planet formation in the Milky Way should begin when stars fall between negative 2.5 to negative 0.5 metallicity, but until now, that theory was left unproven.

To test this prediction, the team developed and then searched a catalog of 10,000 of the most metal-poor stars observed by NASA's Transiting Exoplanet Survey Satellite (TESS) mission. If correct, extrapolating known trends to search for small, short-period planets around one region of 85,000 metal-poor stars would have led them to discover about 68 super-Earths.




Surprisingly, researchers in this work detected none, said Boley. "We essentially found a cliff where we expected to see a slow or a gradual slope that keeps going," she said. "The expected occurrence rates do not match up at all."

The study was published in The Astronomical Journal.

This cliff, which provides scientists with a time frame during which metallicity was too low for planets to form, extends to about half the age of the universe, meaning that super-Earths did not form early in its history. "Seven billion years ago is probably the sweet spot where we begin to see a decent bit of super-Earth formation," Boley said.

Moreover, as the majority of stars formed before that era have low metallicities and would have needed to wait until the Milky Way had been enriched by generations of dying stars to create the right conditions for planet formation, the results successfully propose an upper limit on the number and distribution of small planets in our galaxy.

"In a similar stellar type as our sample, we now know not to expect planet formation to be abundant once you pass a negative 0.5 metallicity region," said Boley. "That's kind of striking because we actually have data to show that now."

What's also striking is the study's implications for those searching for life beyond Earth, as having a more precise grasp on the intricacies of planet formation can supply scientists with detailed knowledge about where in the universe life might have flourished.




"You don't want to search areas where life wouldn't be conducive or in areas where you don't even think you're going to find a planet," Boley said. "There's just a plethora of questions that you can ask if you know these things."

Such inquiries could include determining if these exoplanets hold water, the size of their core, and if they've developed a strong magnetic field, all conditions conducive for generating life.

To apply their work to other types of planet formation processes, the team will likely need to study different types of super-Earths for longer periods than they can today. Fortunately, future observations could be attained with the help of upcoming projects like NASA's Nancy Grace Roman Space Telescope and the European Space Agency's PLATO mission, both of which will widen the search for terrestrial planets in habitable zones like our own.

"Those instruments will be really vital in terms of figuring out how many planets are out there and getting as many follow-up observations as we can," said Boley.

Other co-authors include Ji Wang from Ohio State; Jessie Christiansen, Philip Hopkins and Jon Zink from The California Institute of Technology; Kevin Hardegree-Ullman and Galen Bergsten from The University of Arizona; Eve Lee from McGill University; Rachel Fernandes from The Pennsylvania State University; and Sakhee Bhure from the University of Southern Queensland. This study was supported by the National Science Foundation and NASA.
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Artificial muscles propel a robotic leg to walk and jump | ScienceDaily
Inventors and researchers have been developing robots for almost 70 years. To date, all the machines they have built -- whether for factories or elsewhere -- have had one thing in common: they are powered by motors, a technology that is already 200 years old. Even walking robots feature arms and legs that are powered by motors, not by muscles as in humans and animals. This in part suggests why they lack the mobility and adaptability of living creatures.


						
A new muscle-powered robotic leg is not only more energy efficient than a conventional one, it can also perform high jumps and fast movements as well as detect and react to obstacles -- all without the need for complex sensors. The new leg has been developed by researchers at ETH Zurich and the Max Planck Institute for Intelligent Systems (MPI-IS) in a research partnership called Max Planck ETH Center for Learning Systems, known as CLS. The CLS team was led by Robert Katzschmann at ETH Zurich and Christoph Keplinger at MPI-IS. Their doctoral students Thomas Buchner and Toshihiko Fukushima are the co-first authors of the team's publication on an animal-inspired musculoskeletal robotic leg in Nature Communications.

Electrically charged like a balloon

As in humans and animals, an extensor and a flexor muscle ensure that the robotic leg can move in both directions. These electro-hydraulic actuators, which the researchers call HASELs, are attached to the skeleton by tendons.

The actuators are oil-filled plastic bags, similar to those used to make ice cubes. About half of each bag is coated on either side with a black electrode made of a conductive material. Buchner explains that "as soon as we apply a voltage to the electrodes, they are attracted to each other due to static electricity. Similarly, when I rub a balloon against my head, my hair sticks to the balloon due to the same static electricity." As one increases the voltage, the electrodes come closer and push the oil in the bag to one side, making the bag overall shorter.

Pairs of these actuators attached to a skeleton result in the same paired muscle movements as in living creatures: as one muscle shortens, its counterpart lengthens. The researchers use a computer code that communicates with high-voltage amplifiers to control which actuators contract, and which extend.

More efficient than electric motors

The researchers compared the energy efficiency of their robotic leg with that of a conventional robotic leg powered by an electric motor. Among other things, they analysed how much energy is unnecessarily converted into heat. "On the infrared image, it's easy to see that the motorised leg consumes much more energy if, say, it has to hold a bent position," Buchner says. The temperature in the electro-hydraulic leg, in contrast, remains the same. This is because the artificial muscle is electrostatic. "It's like the example with the balloon and the hair, where the hair stays stuck to the balloon for quite a long time," Buchner adds. "Typically, electric motor driven robots need heat management which requires additional heat sinks or fans for diffusing the heat to the air. Our system doesn't require them," Fukushima says.




Agile movement over uneven terrain

The robotic leg's ability to jump is based on its ability to lift its own weight explosively. The researchers also showed that the robotic leg has a high degree of adaptability, which is particularly important for soft robotics. Only if the musculoskeletal system has sufficient elasticity can it adapt flexibly to the terrain in question. "It's no different with living creatures. If we can't bend our knees, for example, walking on an uneven surface becomes much more difficult," Katzschmann says. "Just think of taking a step down from the pavement onto the road."

In contrast to electric motors requiring sensors to constantly tell what angle the robotic leg is at, the artificial muscle adapts to suitable position through the interaction with the environment. This is driven just by two input signals: one to bend the joint and one to extend it. Fukushima explains: "Adapting to the terrain is a key aspect. When a person lands after jumping into the air, they don't have to think in advance about whether they should bend their knees at a 90-degree or a 70-degree angle." The same principle applies to the robotic leg's musculoskeletal system: upon landing, the leg joint adaptively moves into a suitable angle depending on whether the surface is hard or soft.

Emerging technology opens up new possibilities

The research field of electrohydraulic actuators is still young, having emerged only around six years ago. "The field of robotics is making rapid progress with advanced controls and machine learning; in contrast, there has been much less progress with robotic hardware, which is equally important. This publication is a powerful reminder of how much potential for disruptive innovation comes from introducing new hardware concepts, like the use of artificial muscles," Keplinger says. Katzschmann adds that electro-hydraulic actuators are unlikely to be used in heavy machinery on construction sites, but they do offer specific advantages over standard electric motors. This is particularly evident in applications such as grippers, where the movements have to be highly customised depending on whether the object being gripped is, for example, a ball, an egg or a tomato.

Katzschmann does have one reservation: "Compared to walking robots with electric motors, our system is still limited. The leg is currently attached to a rod, jumps in circles and can't yet move freely." Future work should overcome these limitations, opening the door to developing real walking robots with artificial muscles. He further elaborates: "If we combine the robotic leg in a quadruped robot or a humanoid robot with two legs, maybe one day, when it is battery-powered, we can deploy it as a rescue robot."
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'Out-of-body' research could lead to new ways to promote social harmony | ScienceDaily
Out-of-body experiences, such as near-death experiences, can have a "transformative" effect on people's ability to experience empathy and connect with others, a scientific paper from University of Virginia School of Medicine researchers explains.


						
The fascinating work from UVA's Marina Weiler, PhD, and colleagues not only explores the complex relationship between altered states of consciousness and empathy but could lead to new ways to foster empathy during a particularly fractured time for American society -- and the world.

"Empathy is a fundamental aspect of human interaction that allows individuals to connect deeply with others, fostering trust and understanding," said Weiler, a neuroscientist with UVA's Division of Perceptual Studies. "The exploration, refinement and application of methods to enhance empathy in individuals -- whether through OBE [out-of-body experience]-related ego dissolution or other approaches -- is an exciting avenue with potentially profound implications for individuals and society at large."

How Out-of-Body Experiences Affect Empathy

Weiler's paper examines the possibility that the dramatic increases in empathy seen in people who undergo out-of-body experiences may result from what is known as "ego dissolution" -- the loss of the sense of self. In these instances, people feel they have been severed from their physical form and have connected with the universe at a deeper level. Sometimes known as "ego death" or "ego loss," this state can be brought on by near-death experiences, hallucinogenic drugs and other causes. But people who undergo it often report that their viewpoint on the world, and their place in it, is radically changed.

"The detachment from the physical body often leads to a sense of interconnectedness with all life and a deepened emotional connection with others," the researchers write. "These sensations of interconnectedness can persist beyond the experience itself, reshaping the individual's perception and fostering increased empathy, thereby influencing personal relationships and societal harmony."

Out-of-body experiences can seem more real than reality itself, the researchers note, and this sense of transcendental connectedness can translate into "prosocial" behaviors afterward. Experiencers often become more compassionate, more patient, more understanding. More than half in one study described their relationships with others as more peaceful and harmonious. Many become more spiritual and more convinced of the possibility of life after death.

In their paper, Weiler and her co-authors explore potential explanations for what is happening within the brain to cause these changes. But while that remains unclear, the lasting effects of OBEs are not. And by understanding how these life-changing experiences can enhance empathy, researchers may be able to develop ways to help foster it for society's benefit during a conflicted age.

"Interest in cultivating empathy and other prosocial emotions and behaviors is widespread worldwide," the researchers conclude. "Understanding how virtues related to consideration for others can be nurtured is a goal with personal, societal and potentially global implications."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240909113039.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



How Japanese eels escape from their predator's stomach | ScienceDaily
Many prey species have defensive tactics to escape being eaten by their would-be predators. But a study in the Cell Press journal Current Biology on September 9, 2024 has taken it to another level by offering the first video evidence of juvenile Japanese eels escaping after being swallowed into the stomachs of their fish predators. With the aid of X-ray videography, they found that the eels back their way out, first inserting the tips of their tails through the esophagus and gills before pulling their heads free.


						
"We have discovered a unique defensive tactic of juvenile Japanese eels using an X-ray video system: they escape from the predator's stomach by moving back up the digestive tract towards the gills after being captured by the predatory fish," said Yuuki Kawabata of Nagasaki University in Japan. "This study is the first to observe the behavioral patterns and escape processes of prey within the digestive tract of predators."

In an earlier study, the researchers including Kawabata and Yuha Hasegawa had shown that Japanese eels can escape from the gill of their predator after capture. What they didn't know was how.

"We had no understanding of their escape routes and behavioral patterns during the escape because it occurred inside the predator's body," Hasegawa says.

In the new study, they found a way to see inside the predatory fish (Odontobutis obscura) using an X-ray videography device. To visualize the eel after it had been eaten, they had to first inject them with a contrast agent. It still took the team a year to capture convincing video evidence showing the escape process involved.

Their videos show that all 32 captured eels had at least part of their bodies swallowed into the stomach of their fish predators. After being swallowed, all but four tried to escape by going back through the digestive tract toward the esophagus and gills, they report. Of those, 13 managed to get their tails out the fish gill, and nine successfully escaped through the gills. On average, it took the escaping eels about 56 seconds to free themselves from the predator's gills.

"The most surprising moment in this study was when we observed the first footage of eels escaping by going back up the digestive tract toward the gill of the predatory fish," Kawabata says. "At the beginning of the experiment, we speculated that eels would escape directly from the predator's mouth to the gill. However, contrary to our expectations, witnessing the eels' desperate escape from the predator's stomach to the gills was truly astonishing for us."

Further study found that, despite the similarities, the eels didn't always rely on the same escape route through the gill cleft. Some of them also circled along the stomach, seemingly in search of a way out. The findings are the first to show that the eel Anguilla japonica can use a specific behavior to escape from the stomach and gill of its predator after being eaten. It's also the first time any study has captured the behaviors of any prey inside the digestive tract of its predator, according to the researchers.

The researchers say that the X-ray methods used in the study can now be applied to observations of other predator-prey behaviors. In future work, they hope to learn more about the characteristics that make for a successful escape by the eels.
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'Ice bucket challenge' reveals that bacteria can anticipate the seasons | ScienceDaily
Bacteria use their internal 24-hour clocks to anticipate the arrival of new seasons, according to research carried out with the assistance of an 'ice bucket challenge.' 


						
This discovery may have profound implications for understanding the role that circadian rhythms - a molecular version of a clock - play in adapting species to climate change, from migrating animals to flowering plants.  

The team behind the findings gave populations of blue-green algae (cyanobacteria) different artificial day lengths at a constant warm temperature. Samples on plates received either short days, equinox days (equal light and dark), or long days, for eight days.  

After this treatment, the blue-green algae were plunged into ice for two hours and survival rates monitored.   

Samples that had been exposed to a succession of short days (eight hours light and 16 hours dark) in preparation for the icy challenge achieved survival rates of 75%, up to three times higher than colonies that had not been primed in this way. 

One short day was not enough to increase the bacteria's resistance to cold. Only after several short days, and optimally six to eight days, did the bacteria's life chances significantly improve. 

In cyanobacteria which had genes that make up their biological clock removed, survival rates were the same regardless of day lengths. This indicates that photoperiodism (the ability to measure the day-night cycle and change one's physiology in anticipation of the upcoming season) is critical in preparing bacteria for longer-term environmental changes such as a new season or shifts in climate. 

"The findings indicate that bacteria in nature use their internal clocks to measure day length and when the number of short days reaches a certain point, as they do in autumn/fall, they 'switch' to a different physiology in anticipation of the wintry challenges that lie ahead," explained first author of the study, Dr Luisa Jabbur, who was a researcher at Vanderbilt University, Tennessee, in the laboratory of Prof. Carl Johnson when this study took place, and is now a BBSRC Discovery Fellow at the John Innes Centre.  




The Johnson lab has a long history of studying the circadian clock of cyanobacteria, both from a mechanistic and an ecological perspective. 

Previous studies have shown that bacteria have a version of a biological clock, which could allow them to measure differences in day-night length, offering an evolutionary advantage. 

This study, which appears in Science, is the first time that anyone has shown that photoperiodism in bacteria has evolved to anticipate seasonal cues.  

Based on these findings a whole new horizon of scientific exploration awaits. A key question is: how does an organism with a lifespan of between six and 24 hours evolve a mechanism that enables it not merely to react to, but to anticipate, future conditions? 

"It's like they are signalling to their daughter cells and their granddaughter cells, passing information that the days are getting short, you need to do something," said Dr Jabbur. 

Dr Jabbur and colleagues at the John Innes Centre will, as part of her BBSRC Discovery Fellowship, use cyanobacteria as a fast-reproducing model species to understand how photoperiodic responses might evolve in other species during climate change, with hopeful applications to major crops.  

A key part of this work will be to understand more about the molecular memory systems by which information is passed from generation to generation in species. Research will investigate the possibility that an accumulation of compounds during the night on short days acts as a molecular switch that triggers change to a different physiology or phenotype.  




For Dr Jabbur the findings amount to an early-career scientific breakthrough in the face of initial scepticism from her scientific mentor and the corresponding author of the paper, Professor Carl Johnson. 

"As well as being a fascinating person and an inspiration, Carl sings in the Nashville Symphony Chorus, and he has an operatic laugh! It echoed round the department when I first outlined my idea for the icy challenge, to see if photoperiod was a cue for cyanobacteria in their natural element," said Dr Jabbur. 

"To be fair he told me to go away and try it, and as I went, he showed me a sign on his door with the Frank Westheimer quote: 'Progress is made by young scientists who carry out experiments that old scientists say would not work.' 

"It did work, first time. Then I repeated the experiments. There is something very precious about looking at a set of plates with bacteria on them and realizing that in that moment you know something that nobody else knows." 

Bacteria can anticipate the seasons: Photoperiodism in cyanobacteria appears in Science.  
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'Some pterosaurs would flap, others would soar' -- new study further confirms the flight capability of these giants of the skies | ScienceDaily
Some species of pterosaurs flew by flapping their wings while others soared like vultures, demonstrates a new study published in the peer-reviewed Journal of Vertebrate Paleontology.


						
It has long been debated whether the largest pterosaurs could fly at all.

However, "remarkable" and "rare" three-dimensional fossils of two different large-bodied azhdarchoid pterosaur species -- including one new-to-science -- have enabled scientists to hypothesize that not only could the largest pterosaurs take to the air, but their flight styles could differ too.

The new findings are led by experts from the University of Michigan, in the US, the Natural Resources Authority and Yarmouk University, in Jordan, and the Saudi Geological Survey, in Saudi Arabia.

Their paper details how these fossils -- which date back to the latest Cretaceous period (approximately 72 to 66 million years ago) -- were remarkably three-dimensionally preserved within the two different sites that preserve a nearshore environment on the margin of Afro-Arabia, an ancient landmass that included both Africa and the Arabian Peninsula. The research team used high-resolution computed tomography (CT) scans to then analyze the internal structure of the wing bones.

"The dig team was extremely surprised to find three-dimensionally preserved pterosaur bones, this is a very rare occurrence," explains lead author Dr Kierstin Rosenbach, from the Department of Earth and Environmental Sciences of the University of Michigan.

"Since pterosaur bones are hollow, they are very fragile and are more likely to be found flattened like a pancake, if they are preserved at all.




"With 3D preservation being so rare, we do not have a lot of information about what pterosaur bones look like on the inside, so I wanted to CT scan them.

"It was entirely possible that nothing was preserved inside, or that CT scanners were not sensitive enough to differentiate fossil bone tissue from the surrounding matrix."

Luckily, though, what the team uncovered was "remarkable," via "exciting internal structures not only preserved, but visible in the CT scanner."

CT scans reveal one soars; one flaps!

Newly collected specimens of the already-known giant pterosaur, Arambourgiania philadelphiae, confirm its 10-meter wingspan and provide the first details of its bone structure. CT images revealed that the interior of its humerus, which is hollow, contains a series of ridges that spiral up and down the bone.

This resembles structures in the interior of wing bones of vultures. The spiral ridges are hypothesized to resist the torsional loadings associated with soaring (sustained powered flight that requires launch and maintenance flapping).




The other specimen analyzed was the new-to-science Inabtanin alarabia, which had a five-meter wingspan. The team named it after the place where it was excavated -- near a large grape-colored hill, called Tal Inab. The generic name combines the Arabic words "inab," for grape, and "tanin" for dragon. 'Alarabia' refers to the Arabian Peninsula.

Inabtanin is one of the most complete pterosaurs ever recovered from Afro-Arabia, and the CT scans revealed the structure of its flight bones was completely different from that of Arambourgiania.

The interior of the flight bones were crisscrossed by arrangement with struts that match those found in the wing bones of modern flapping birds.

This indicates it was adapted to resist bending loads associated with flapping flight, and so it is likely that Inabtanin flew this way -- although this does not preclude occasional use of other flight styles too.

"The struts found in Inabtanin were cool to see, though not unusual," says Dr Rosenbach.

"The ridges in Arambourgiania were completely unexpected, we weren't sure what we were seeing at first!

"Being able to see the full 3D model of Arambourgiania's humerus lined with helical ridges was just so exciting."

What explains this difference?

The discovery of diverse flight styles in differently-sized pterosaurs is "exciting," the experts state, because it opens a window into how these animals lived. It also poses interesting questions, like to what extent flight style is correlated with body size and which flight style is more common among pterosaurs.

"There is such limited information on the internal bone structure of pterosaurs across time, it is difficult to say with certainty which flight style came first," Dr Rosenbach adds.

"If we look to other flying vertebrate groups, birds and bats, we can see that flapping is by far the most common flight behavior.

"Even birds that soar or glide require some flapping to get in the air and maintain flight.

"This leads me to believe that flapping flight is the default condition, and that the behavior of soaring would perhaps evolve later if it were advantageous for the pterosaur population in a specific environment; in this case the open ocean."

Co-author Professor Jeff Wilson Mantilla, Curator at Michigan's Museum of Paleontology, and Dr Iyad Zalmout, from the Saudi Geological Survey, found these specimens in 2007 at sites in the north and south of Jordan.

Professor Jeff Wilson Mantilla says the "variations likely reflect responses to mechanical forces applied on the pterosaurs' wings during flight."

Enabling further study of vertebrate flight

Concluding, Dr Rosenbach states: "Pterosaurs were the earliest and largest vertebrates to evolve powered flight, but they are the only major volant group that has gone extinct.

"Attempts to-date to understand their flight mechanics have relied on aerodynamic principles and analogy with extant birds and bats.

"This study provides a framework for further investigation of the correlation between internal bone structure and flight capacity and behavior, and will hopefully lead to broader sampling of flight bone structure in pterosaur specimens."
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AI helps distinguish dark matter from cosmic noise | ScienceDaily
Dark matter is the invisible force holding the universe together -- or so we think. It makes up around 85% of all matter and around 27% of the universe's contents, but since we can't see it directly, we have to study its gravitational effects on galaxies and other cosmic structures. Despite decades of research, the true nature of dark matter remains one of science's most elusive questions.


						
According to a leading theory, dark matter might be a type of particle that barely interacts with anything else, except through gravity. But some scientists believe these particles could occasionally interact with each other, a phenomenon known as self-interaction. Detecting such interactions would offer crucial clues about dark matter's properties.

However, distinguishing the subtle signs of dark matter self-interactions from other cosmic effects, like those caused by active galactic nuclei (AGN) -- the supermassive black holes at the centers of galaxies -- has been a major challenge. AGN feedback can push matter around in ways that are similar to the effects of dark matter, making it difficult to tell the two apart.

In a significant step forward, astronomer David Harvey at EPFL's Laboratory of Astrophysics has developed a deep-learning algorithm that can untangle these complex signals. Their AI-based method is designed to differentiate between the effects of dark matter self-interactions and those of AGN feedback by analyzing images of galaxy clusters -- vast collections of galaxies bound together by gravity. The innovation promises to greatly enhance the precision of dark matter studies.

Harvey trained a Convolutional Neural Network (CNN) -- a type of AI that is particularly good at recognizing patterns in images -- with images from the BAHAMAS-SIDM project, which models galaxy clusters under different dark matter and AGN feedback scenarios. By being fed thousands of simulated galaxy cluster images, the CNN learned to distinguish between the signals caused by dark matter self-interactions and those caused by AGN feedback.

Among the various CNN architectures tested, the most complex -- dubbed "Inception" -- proved to also be the most accurate. The AI was trained on two primary dark matter scenarios, featuring different levels of self-interaction, and validated on additional models, including a more complex, velocity-dependent dark matter model.

Inceptionachieved an impressive accuracy of 80% under ideal conditions, effectively identifying whether galaxy clusters were influenced by self-interacting dark matter or AGN feedback. It maintained is high performance even when the researchers introduced realistic observational noise that mimics the kind of data we expect from future telescopes like Euclid.

What this means is that Inception -- and the AI approach more generally -- could prove incredibly useful for analyzing the massive amounts of data we collect from space. Moreover, the AI's ability to handle unseen data indicates that it's adaptable and reliable, making it a promising tool for future dark matter research.

AI-based approaches like Inception could significantly impact our understanding of what dark matter actually is. As new telescopes gather unprecedented amounts of data, this method will help scientists sift through it quickly and accurately, potentially revealing the true nature of dark matter.
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Astrophysics: AI shines a new light on exoplanets | ScienceDaily
Researchers from LMU, the ORIGINS Excellence Cluster, the Max Planck Institute for Extraterrestrial Physics (MPE), and the ORIGINS Data Science Lab (ODSL) have made an important breakthrough in the analysis of exoplanet atmospheres. Using physics-informed neural networks (PINNs), they have managed to model the complex light scattering in the atmospheres of exoplanets with greater precision than has previously been possible. This method opens up new opportunities for the analysis of exoplanet atmospheres, especially with regard to the influence of clouds, and could significantly improve our understanding of these distant worlds.


						
When distant exoplanets pass in front of their star, they block a small portion of the starlight, while an even smaller portion penetrates the planetary atmosphere. This interaction leads to variations in the light spectrum, which mirror the properties of the atmosphere such as chemical composition, temperature, and cloud cover. To be able to analyze these measured spectra, however, scientists require models that are capable of calculating millions of synthetic spectra in a short time. Only by subsequently comparing the calculated spectra with the measured ones do we obtain information about the atmospheric composition of the observed exoplanets. And what is more, the highly detailed new observations coming from the James Webb Space Telescope (JWST) necessitate equally detailed and complex atmospheric models.

Rapid solving of complex equations thanks to AI

A key aspect of exoplanet research is the light scattering in the atmosphere, particularly the scattering off clouds. Previous models were unable to satisfactorily capture this scattering, which led to inaccuracies in the spectral analysis. Physics-informed neural networks offer a decisive advantage here, as they are capable of efficiently solving complex equations. In the just-published study, the researchers trained two such networks. The first model, which was developed without taking light scattering into account, demonstrated impressive accuracy with relative errors of mostly under one percent. Meanwhile, the second model incorporated approximations of so-called Rayleigh scattering -- the same effect that makes the sky seem blue on Earth. Although these approximations require further improvement, the neural network was able to solve the complex equation, which represents an important advance.

Interdisciplinary collaboration

These new findings were possible thanks to a unique interdisciplinary collaboration between physicists from LMU Munich, the ORIGINS Excellence Cluster, the Max Planck Institute for Extraterrestrial Physics (MPE) and the ORIGINS Data Science Lab (ODSL), which is specialized in the development of new AI-based methods in physics. "This synergy not only advances exoplanet research, but also opens up new horizons for the development of AI-based methods in physics," explains lead author of the study David Dahlbudding from LMU. "We want to further expand our interdisciplinary collaboration in the future to simulate the scattering of light off clouds with greater precision and thus make full use of the potential of neural networks."
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Researchers create a one-dimensional gas out of light | ScienceDaily
Physicists at the University of Bonn and the University of Kaiserslautern-Landau (RPTU) have created a one-dimensional gas out of light. This has enabled them to test theoretical predictions about the transition into this exotic state of matter for the first time. The method used in the experiment by the researchers could be used for examining quantum effects. The results have been published in the journal "Nature Physics."


						
Imagine you are standing at a swimming pool and come up with the idea of filling it with even more water. You grab a garden hose and use it to generate a jet of water that curves in a high arc to fall onto the surface of the pool. The water level increases briefly at the point where the jet of water hits the pool but this change in water level is only minimal because the falling water is quickly distributed across the entire expanse of water.

The effect is different, however, if you fill up a gutter with your jet of water. The jet creates a wave of water at the point where you aim the hose. This is because the walls of the gutter ensure that the water cannot flow out across a surface but can only be distributed in the direction of the gutter. The narrower the gutter, the higher the amplitude of the wave and thus the "more one-dimensional" it becomes.

Physicists from the Institute of Applied Physics (IAP) at the University of Bonn in cooperation with colleagues at the RPTU have now investigated whether similar effects of dimensionality can also be achieved with gases made out of light particles. "To create these types of gases, we need to concentrate lots of photons in a confined space and cool them simultaneously," explains Dr. Frank Vewinger from the IAP, who is also a member of the transdisciplinary research area "Matter" at the University of Bonn.

Microscopically small gutters

In their experiment, the researchers filled a tiny container with a dye solution and excited it using a laser. The resulting photons bounced back and forth between the reflective walls of the container. Whenever they collided with a dye molecule, they were cooled until ultimately the photon gas condensed.

The dimensionality of the gas can be influenced by modifying the surface of the reflective surfaces. The researchers at the IAP cooperated with the research group headed by Prof. Dr. Georg von Freymann from the RPTU on this study. A high-resolution structuring method was adapted so that it could be applied to the reflective surfaces of the photon container for this experiment. "We were able to apply a transparent polymer to the reflective surfaces to create microscopically small protrusions," explains Julian Schulz from the RPTU. "These protrusions allow us to trap the photons in one or two dimensions and condense them."

"These polymers act like a type of gutter, but in this case for light," says Kirankumar Karkihalli Umesh, lead author of the study. "The narrower this gutter is, the more one-dimensionally the gas behaves."




Thermal fluctuations smear out the condensation point

In two dimensions, there is a precise temperature limit at which condensation occurs -- similar to how water freezes at precisely zero degrees Celsius. Physicists call this a phase transition. "However, things are a little different when we create a one-dimensional gas instead of a two-dimensional one," says Vewinger. "So-called thermal fluctuations take place in photon gases but they are so small in two dimensions that they have no real impact. However, in one dimension these fluctuations can -- figuratively speaking -- make big waves."

These fluctuations destroy the order of one-dimensional systems so that different regions within the gas no longer behave the same. As a result, the phase transition, which is still precisely defined in two dimensions, becomes increasingly "smeared out" the more one-dimensional the system becomes. However, its properties are still governed by quantum physics, as in the case of two-dimensional gases, and these types of gas are called degenerate quantum gases. It is as if water were to turn into a form of icy water at low temperatures without ever completely freezing when cooling down. "We have now been able to investigate this behavior at the transition from a two-dimensional to a one-dimensional photon gas for the first time," explains Vewinger.

The research groups were able to demonstrate that one-dimensional photon gases do not actually have a precise condensation point. By making tiny changes to the polymer structures, it will now be possible to investigate phenomena that occur at the transition between different dimensionalities in great detail. This is still considered basic research at the moment but it is possible that it could open up new areas of application for quantum optical effects.

Participating institutes and funding:

The following institutions participated in the study: the IAP at the University of Bonn, the Fraunhofer Institute for Industrial Mathematics (ITWM) in Kaiserslautern and the University of Kaiserslautern-Landau (RPTU). The study was funded by the European Research Council (ERC) of the European Union and the German Research Foundation (DFG) as part of Collaborative Research Centre TRR 185.
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Massive merger: Study reveals evidence for origin of supermassive black hole at galaxy's center | ScienceDaily
The origins of aptly named supermassive black holes -- which can weigh in at more than a million times the mass of the sun and reside in the center of most galaxies -- remain one of the great mysteries of the cosmos.


						
Now, researchers from the Nevada Center for Astrophysics at UNLV (NCfA) have discovered compelling evidence suggesting that the supermassive black hole at the center of our Milky Way galaxy, known as Sagittarius A* (Sgr A*), is likely the result of a past cosmic merger.

The study, published Sept. 6 in the journal Nature Astronomy, builds on recent observations from the Event Horizon Telescope (EHT), which captured the first direct image of Sgr A* in 2022. The EHT, the result of a global research collaboration, syncs data from eight existing radio observatories worldwide to create a massive, Earth-sized virtual telescope.

UNLV astrophysicists Yihan Wang and Bing Zhang utilized the data from the EHT observation of Sgr A* to look for evidence on how it may have formed. Supermassive black holes are thought to grow either by the accretion of matter over time, or by the merger of two existing black holes.

The UNLV team investigated various growth models to understand the peculiar rapid spin and misalignment of Sgr A* relative to the Milky Way's angular momentum. The team demonstrated that these unusual characteristics are best explained by a major merger event involving Sgr A* and another supermassive black hole, likely from a satellite galaxy.

"This discovery paves the way for our understanding of how supermassive black holes grow and evolve," said Wang, the lead author of the study and an NCfA postdoctoral fellow at UNLV. "The misaligned high spin of Sgr A* indicates that it may have merged with another black hole, dramatically altering its amplitude and orientation of spin."

Using sophisticated simulations, the researchers modeled the impact of a merger, considering various scenarios that align with the observed spin properties of Sgr A*. Their results indicate that a 4:1 mass ratio merger with a highly inclined orbital configuration could reproduce the spin properties observed by the EHT.

"This merger likely occurred around 9 billion years ago, following the Milky Way's merger with the Gaia-Enceladus galaxy," said Zhang, a distinguished professor of physics and astronomy at UNLV and the founding director of the NCfA. "This event not only provides evidence of the hierarchical black hole merger theory but also provides insights into the dynamical history of our galaxy."

Sgr A* sits at the center of the galaxy more than 27,000 light years away from Earth, and sophisticated tools like the EHT provide direct imaging that helps scientists put predictive theories to the test.

Researchers say that the findings from the study will have significant implications for future observations with upcoming space-borne gravitational wave detectors, such as the Laser Interferometer Space Antenna (LISA), which is planned to launch in 2035 and is expected to detect similar supermassive black hole mergers across the universe.
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Scientists make tissue of living animals see-through | ScienceDaily
In a pioneering new study, researchers made the skin on the skulls and abdomens of live mice transparent by applying to the areas a mixture of water and a common yellow food coloring called tartrazine.


						
Dr. Zihao Ou, assistant professor of physics at The University of Texas at Dallas, is lead author of the study, published in the Sept. 6 print issue of the journal Science.

Living skin is a scattering medium. Like fog, it scatters light, which is why it cannot be seen through.

"We combined the yellow dye, which is a molecule that absorbs most light, especially blue and ultraviolet light, with skin, which is a scattering medium. Individually, these two things block most light from getting through them. But when we put them together, we were able to achieve transparency of the mouse skin," said Ou, who, with colleagues, conducted the study while he was a postdoctoral researcher at Stanford University before joining the UT Dallas faculty in the School of Natural Sciences and Mathematics in August.

"For those who understand the fundamental physics behind this, it makes sense; but if you aren't familiar with it, it looks like a magic trick," Ou said.

The "magic" happens because dissolving the light-absorbing molecules in water changes the solution's refractive index -- a measure of the way a substance bends light -- in a way that matches the refractive index of tissue components like lipids. In essence, the dye molecules reduce the degree to which light scatters in the skin tissue, like dissipating a fog bank.

In their experiments with mice, the researchers rubbed the water and dye solution onto the skin of the animals' skulls and abdomens. Once the dye had completely diffused into the skin, the skin became transparent. The process is reversible by washing off any remaining dye. The dye that has diffused into the skin is metabolized and excreted through urine.




"It takes a few minutes for the transparency to appear," Ou said. "It's similar to the way a facial cream or mask works: The time needed depends on how fast the molecules diffuse into the skin."

Through the transparent skin of the skull, researchers directly observed blood vessels on the surface of the brain. In the abdomen, they observed internal organs and peristalsis, the muscle contractions that move contents through the digestive tract.

The transparent areas take on an orangish color, Ou said. The dye used in the solution is commonly known as FD&C Yellow #5 and is frequently used in orange- or yellow-colored snack chips, candy coating and other foods. The Food and Drug Administration certifies nine color additives -- tartrazine is one -- for use in foods.

"It's important that the dye is biocompatible -- it's safe for living organisms," Ou said. "In addition, it's very inexpensive and efficient; we don't need very much of it to work."

The researchers have not yet tested the process on humans, whose skin is about 10 times thicker than a mouse's. At this time it is not clear what dosage of the dye or delivery method would be necessary to penetrate the entire thickness, Ou said.

"In human medicine, we currently have ultrasound to look deeper inside the living body," Ou said. "Many medical diagnosis platforms are very expensive and inaccessible to a broad audience, but platforms based on our tech should not be."

Ou said one of the first applications of the technique will likely be to improve existing research methods in optical imaging.




"Our research group is mostly academics, so one of the first things we thought of when we saw the results of our experiments was how this might improve biomedical research," he said. "Optical equipment, like the microscope, is not directly used to study live humans or animals because light can't go through living tissue. But now that we can make tissue transparent, it will allow us to look at more detailed dynamics. It will completely revolutionize existing optical research in biology."

In his new Dynamic Bio-imaging Lab at UTD, Ou will continue the research he started with Dr. Guosong Hong, assistant professor of materials science and engineering at Stanford and a corresponding author of the study. Ou said the next steps in the research will include understanding what dosage of the dye molecule might work best in human tissue. In addition, the researchers are experimenting with other molecules, including engineered materials, that could perform more efficiently than tartrazine.

Study authors from Stanford, including co-corresponding author Dr. Mark Brongersma, the Stephen Harris Professor in the Department of Materials Science and Engineering, were funded by grants from federal agencies including the National Institutes of Health, the National Science Foundation and the Air Force Office of Scientific Research. As an interdisciplinary postdoctoral scholar, Ou was supported by the Wu Tsai Neuroscience Institute at Stanford. The researchers have applied for a patent on the technology.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240905143615.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Gravitational waves unveil previously unseen properties of neutron stars | ScienceDaily
A better understanding of the inner workings of neutron stars will lead to a greater knowledge of the dynamics that underpin the workings of the universe and also could help drive future technology, said the University of Illinois Urbana-Champaign physics professor Nicolas Yunes. A new study led by Yunes details how new insights into how dissipative tidal forces within double -- or binary -- neutron star systems will inform our understanding of the universe.


						
"Neutron stars are the collapsed cores of stars and densest stable material objects in the universe, much denser and colder than conditions that particle colliders can even create," said Yunes, who also is the founding director of the Illinois Center for Advanced Studies of the Universe. "The mere existence of neutron stars tells us that there are unseen properties related to astrophysics, gravitational physics and nuclear physics that play a critical role in the inner workings of our universe."

However, many of these previously unseen properties became observable with the discovery of gravitational waves.

"The properties of neutron stars imprint onto the gravitational waves they emit. These waves then travel millions of light-years through space to detectors on Earth, like the advanced European Laser Interferometer Gravitational-Wave Observatory and the Virgo Collaboration," Yunes said. "By detecting and analyzing the waves, we can infer the properties of neutron stars and learn about their internal composition and the physics at play in their extreme environments."

As a gravitational physicist, Yunes was interested in determining how gravitational waves encode information about the tidal forces that distort the shape of neutron stars and affect their orbital motion. This information also could tell physicists more about the dynamic material properties of the stars, such as internal friction or viscosity, "which might give us insight into out-of-equilibrium physical processes that result in the net transfer of energy into or out of a system," Yunes said.

Using data from the gravitational wave event identified as GW170817, Yunes, along with Illinois researchers Justin Ripley, Abhishek Hegade and Rohit Chandramouli, used computer simulations, analytical models and sophisticated data analysis algorithms to verify that out-of-equilibrium tidal forces within binary neutron star systems are detectable via gravitational waves. The GW170817 event was not loud enough to yield a direct measurement of viscosity, but Yunes' team was able to place the first observational constraints on how large viscosity can be inside neutron stars.

The study findings are published in the journal Nature Astronomy.

"This is an important advance, particularly for ICASU and the U. of I.," Yunes said. "In the '70s, '80s and '90s, Illinois pioneered many of the leading theories behind nuclear physics, particularly those connected to neutron stars. This legacy can continue with access to data from the advanced LIGO and Virgo detectors, the collaborations made possible through ICASU and the decades of nuclear physics expertise already in place here."

The University of Illinois Graduate College Dissertation Completion Fellowship and the National Science Foundation supported this study.
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