
        
            
                
            
        

    
    
      
        [image: masthead]
      

      Thursday, September 19, 2024

      

      
        
          	
            Latest Science News
          
          	50
        

        
          	
            All Top News
          
          	46
        

        
          	
            Health News
          
          	50
        

        
          	
            Technology News
          
          	50
        

        
          	
            Environment News
          
          	50
        

        
          	
            Society News
          
          	32
        

        
          	
            Strange &amp; Offbeat News
          
          	33
        

      

    

  
    
      
        
          	
          	
            Sections
          
          	
            All Top News
          
        

      

      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.


      
        Genetic tracing at the Huanan Seafood market further supports COVID animal origins
        A new study provides a list of the wildlife species present at the market from which SARS-CoV-2, the virus responsible for the COVID-19 pandemic, most likely arose in late 2019. The study is based on a new analysis of metatranscriptomic data released by the Chinese Center for Disease Control and Prevention (CDC). The data come from more than 800 samples collected in and around the Huanan Seafood Wholesale market beginning on January 1, 2020, and from viral genomes reported from early COVID-19 pat...

      

      
        Clinical trial successfully repurposes cancer drug for hereditary bleeding disorder
        A drug approved for treating the blood cancer multiple myeloma may offer a safe and effective way to reduce the risk of severe nosebleeds from a rare but devastating bleeding disorder. Hereditary hemorrhagic telangiectasia (HHT), the world's second-most-common inherited bleeding disorder, affects approximately 1-in-5,000 people and can have life-threatening complications, but there are currently no U.S. FDA-approved drugs to treat HHT.

      

      
        Operating room design linked to length of surgery
        A new study has directly linked operating room design to the length of surgeries, with implications both for patient health and hospitals' bottom lines.

      

      
        Calorie labels on alcohol might help some drinkers maintain a healthier weight
        Just over half of heavier drinkers in England say they would make changes to their drinking if calorie labels for alcohol were introduced, according to a new study.

      

      
        Can the MIND diet lower the risk of memory problems later in life?
        People whose diet more closely resembles the MIND diet may have a lower risk of cognitive impairment, according to a new study. Results were similar for Black and white participants. These results do not prove that the MIND diet prevents cognitive impairment, they only show an association.

      

      
        Some diabetes drugs tied to lower risk of dementia, Parkinson's disease
        A class of drugs for diabetes may be associated with a lower risk of dementia and Parkinson's disease, according to a new study.

      

      
        Explaining dramatic planet-wide changes after world's last 'Snowball Earth' event
        Some of the most dramatic climatic events in our planet's history are 'Snowball Earth' events that happened hundreds of millions of years ago, when almost the entire planet was encased in ice up to 0.6 miles thick. New research provides a more complete picture for how the last Snowball Earth event ended, and suggests why it preceded a dramatic expansion of life on Earth, including the emergence of the first animals.

      

      
        Higher levels of leptin indicate brain protection against late-life dementia
        A study more closely links obesity to dementia, finding that leptin, a hormone that helps maintain normal body weight, is associated with better signal-transmitting brain white matter in middle-aged adults.

      

      
        South African rock art possibly inspired by long-extinct species
        A mysterious tusked animal depicted in South African rock art might portray an ancient species preserved as fossils in the same region, according to a new study.

      

      
        Even marine animals in untouched habitats are at risk from human impacts
        Climate change and a range of other human impacts are putting marine animals at risk of extinction -- even those living in almost pristine marine habitats and diverse coastal regions -- reports a new study.

      

      
        Hexagonal electrohydraulic modules shape-shift into versatile robots
        Scientists at MPI-IS have developed electrically driven robotic components, called HEXEL modules, which can snap together into high-speed reconfigurable robots. Magnets embedded along the outside of the modules allow them to electrically and mechanically connect to other modules, forming robots with diverse shapes and capabilities. HEXEL modules are a promising technology for use in resource-limited environments, such as on space or rescue missions, and can be used to construct versatile robots f...

      

      
        Flexible circuits made with silk and graphene on the horizon
        Ultra-thin layers of silk deposited on graphene in perfect alignment represent a key advance for the control needed in microelectronics and advanced neural network development.

      

      
        Versatile knee exo for safer lifting
        A set of knee exoskeletons, built with commercially available knee braces and drone motors, has been shown to help counteract fatigue in lifting and carrying tasks. They helped users maintain better lifting posture even when tired, a key factor in defending against on-the-job injuries, the researchers say.

      

      
        Sea surface temperature record in the southwestern Pacific: Coral colony from Fiji reveals warmest temperatures in over 600 years
        The sea surface temperature in the Fijian archipelago in the southwestern Pacific is now at its maximum for more than 600 years. This finding is the result of an international research team's evaluation of a new coral record providing further evidence for unprecedented warming in the western Pacific Ocean. According to this, the year 2022 was the warmest year in the region since 1370.

      

      
        Breast and ovarian cancer newly linked to thousands of gene variants
        New research identifies specific genetic changes that can increase a person's risk of breast and ovarian cancers, to help guide clinical decision-making.

      

      
        Homemade 'play-putty' can read the body's electric signals
        Researchers demonstrates the effectiveness of homemade play putty at reading brain, heart, muscle and eye activity. The research outlines the conductive properties of this material, so-named 'squishy circuits.'

      

      
        Magnifying deep space through the 'carousel lens'
        A newly discovered cluster-scale strong gravitational lens, with a rare alignment of seven background lensed galaxies, provides a unique opportunity to study cosmology.

      

      
        Artificial intelligence grunt work can be outsourced using a new blockchain-based framework
        Researchers have developed a new framework to make complex AI tasks more accessible and transparent to users. The framework specializes in providing solutions to deep reinforcement learning (DRL) requests. The framework pairs developers, companies and individuals that have specific but out-of-reach AI needs with service providers who have the resources, expertise and models they require. The service is crowdsourced, built on a blockchain and uses a smart contract -- a contract with a pre-defined ...

      

      
        Why petting your cat leads to static electricity
        Static electricity was first observed in 600 B.C., but researchers have struggled to explain how rubbing causes it. In 2019, researchers discovered nanosized surface deformations at play. The same researchers now say different electrical charges build up on the front and back parts of a sliding object, creating a current.

      

      
        Metal exposure can increase cardiovascular disease risk
        Metal exposure from environmental pollution is associated with increased calcium buildup in the coronary arteries at a level comparable to traditional risk factors, according to a new study. The findings support that metals in the body are associated with the progression of plaque buildup in the arteries and potentially provide a new strategy for managing and preventing atherosclerosis.

      

      
        Like humans, artificial minds can 'learn by thinking'
        A new review shows that this process of thinking is not exclusive to humans. Artificial intelligence, too, is capable of self-correction and arriving at new conclusions through 'learning by thinking.'

      

      
        Discarding the placenta after birth leads to loss of valuable information, pathologists say
        Physician-scientists argue that with most placentas discarded after birth, placental pathology is underutilized clinically, should be a routine part of obstetric and neonatal care, and also deserves more research attention.

      

      
        Gargantuan black hole jets are biggest seen yet
        Astronomers have spotted the biggest pair of black hole jets ever seen, spanning 23 million light-years in total length. That's equivalent to lining up 140 Milky Way galaxies back to back.

      

      
        Researchers use machine learning to improve cardiovascular risk assessment
        Researchers used advanced machine learning to increase the accuracy of a national cardiovascular risk calculator while preserving its interpretability and original risk associations.

      

      
        NASA's Webb provides another look into galactic collisions
        Astronomers examined galaxy Arp 107 which has revealed a wealth of information about star-formation and how two galaxies collided hundreds of million years ago. Arp 107 is located 465 million light-years from Earth in the constellation Leo Minor.

      

      
        Breakthrough in fertility treatment: Prostaglandin receptors found to promote embryo implantation
        A team fhas uncovered a new mechanism that could revolutionize infertility care by promoting embryo implantation. The discovery focuses on prostaglandin (PG) receptors in the uterus that enhance the critical process of decidualization, which is necessary for a successful pregnancy. This finding opens the door to developing new fertility treatments that target these receptors.

      

      
        What numbers do you see? A new bistable perceptual phenomenon on symbolic numbers
        This research described a new perceptual phenomenon of bistability induced by partial occlusion of digital numerals. Results of experiments using visual adaptation indicate that this perceptual bistability mainly originates from mid-level visual processing stages which take part in processing global complex shapes and number forms.

      

      
        Measuring how much wood a wood shuck shucks with all-new wood shuck food
        Researchers want to transform the natural and abundant resource wood into useful materials, and central to that is a molecular machine found in fungi that decomposes the complex raw material into its basic components. Researchers have come up with a test feed for the fungal molecular machine that allows them to observe its close-to-natural action, opening the door to improving it and to putting it to industrial application.

      

      
        One in five UK doctors use AI chatbots, study finds
        A survey reveals that a significant proportion of UK general practitioners (GPs) are integrating generative AI tools, such as ChatGPT, into their clinical workflows. The results highlight the rapidly growing role of artificial intelligence in healthcare -- a development that has the potential to revolutionize patient care but also raises significant ethical and safety concerns.

      

      
        Silencing in action: How cells 'repress' genomic remnants of ancient viruses
        It is crucial for organisms to be able to control which genes are expressed in which cells and when. Naturally occurring chemical modifications of DNA-binding histone proteins are believed to play an important role in this process; however, it had been unclear whether they play a causal role in instructing gene expression. Researchers have experimentally shown that certain histone sites act as critical control sites that help prevent the spurious activation of parts of the genome, including seque...

      

      
        Constriction junction, do you function?
        Scientists have shown that a type of qubit whose architecture is more amenable to mass production can perform comparably to qubits currently dominating the field. With a series of mathematical analyses, the scientists have provided a roadmap for simpler qubit fabrication that enables robust and reliable manufacturing of these quantum computer building blocks.

      

      
        Early dingoes are related to dogs from New Guinea and East Asia
        New archaeological research has discovered for the first time clear links between fossils of the iconic Australian dingo, and dogs from East Asia and New Guinea.

      

      
        Creating full-taste, reduced alcohol wine and spirits: New trial opens realm of possibilities
        A new study has successfully used porous liquids to achieve liquid-liquid separation for the first time, creating exciting potential for advancing both environmental sustainability and public health.

      

      
        New Alzheimer's studies reveal disease biology, risk for progression, and the potential for a novel blood test
        Two new papers by a team of researchers demonstrate that evaluating microRNAs in blood can be used not only to diagnose mild cognitive impairment (MCI) but also, critically, to predict the conversion from MCI to dementia due to Alzheimer's disease. Moreover, the researchers uncovered microRNA candidate molecular biomarkers that associate with current Amyloid, Tau, and Neurodegeneration (A/T/N) Alzheimer's biomarkers.

      

      
        Nanotechnology: DNA origami with cargo function
        Chemists present two studies that open up new possibilities for biotechnological applications.

      

      
        Scientists find new epigenetic switch
        Researchers have discovered that a DNA modification called 5-formylcytosine (5fC) functions as an activating epigenetic switch that kick-starts genes in early embryonic development. This finding proves for the first time that vertebrates have more than one type of epigenetic DNA mark and sheds new light on how genes are regulated in the earliest stages of development.

      

      
        Triplet regimen yields promising response in advanced-phase chronic myeloid leukemia
        According to new research, 80% of patients with previously untreated or relapsed/refractory advanced-phase chronic myeloid leukemia (CML) -- including both accelerated or myeloid blast phases of the disease -- or Philadelphia chromosome-positive acute myeloid leukemia (AML) achieved a bone marrow remission when treated with a novel combination of decitabine, venetoclax and ponatinib.

      

      
        'Scuba-diving' lizards use bubble to breathe underwater and avoid predators
        A species of semi-aquatic lizard produces a special bubble over its nostrils to breathe underwater and avoid predators.

      

      
        Highly-sensitive beaks could help albatrosses and penguins find their food
        Researchers have discovered that seabirds, including penguins and albatrosses, have highly-sensitive regions in their beaks that could be used to help them find food. This is the first time this ability has been identified in seabirds.

      

      
        Slow-moving landslides a growing, but ignored, threat to mountain communities
        As urban centers in mountainous regions grow, more people are driven to build on steeper slopes prone to slow-moving landslides, a new study finds. Slow-moving landslides are frequently excluded from estimates of landslide risk, but they could threaten hundreds of thousands of people globally, the researchers conclude.

      

      
        Mapping out matter's building blocks in 3D
        Deep inside what we perceive as solid matter, the landscape is anything but stationary. The interior of the building blocks of the atom's nucleus -- particles called hadrons that most of us would recognize as protons and neutrons -- are made up of a seething mixture of interacting quarks and gluons, known collectively as partons. The HadStruc collaboration has now come together to map out these partons and disentangle how they interact to form hadrons.

      

      
        An OLED for compact, lightweight night vision
        A new type of OLED (organic light emitting diode) could replace bulky night vision goggles with lightweight glasses, making them cheaper and more practical for prolonged use, according to researchers.

      

      
        Ultra-low-dose ketamine can curb opioid withdrawal
        A pilot study showed that a small amount of ketamine can reduce or eliminate the withdrawal symptoms associated with quitting fentanyl.

      

      
        Fruit flies' visual navigation tactics differ by environment
        Fruit flies use vision to head toward interesting things, but also to stay steady during flight. To accomplish this, the eyes need to fixate on the visual background while noticing objects that might indicate food or danger. Using a device that lets flies interact with a virtual environment, biologists have discovered that Mojave Desert fruit flies fixate on an object for balance and stability while also orienting toward it as an interesting resource, while common urban flies fixate on the backgr...

      

      
        Shrinking the pint can reduce beer sales by almost 10%
        Reducing the serving size for beer, lager and cider reduces the volume of those drinks consumed in pubs, bars and restaurants, and could be a useful alcohol control measure, according to a new study. Researchers found that over a short intervention period, venues that removed the pint and offered two third pints instead, sold 10% less beer by volume compared with when pints were available.

      

      
        Unhealthy behaviors contribute to more coronary artery disease deaths in the poor
        Lower socioeconomic status is associated with higher rates of death from coronary artery disease compared to higher socioeconomic status, and more than half of the disparities can be explained by four unhealthy behaviors, according to a new study.

      

      
        Two common surgeries equally effective for treating blinding condition of the eyelid
        Trachomatous trichiasis, a potentially blinding condition where inward-turned eyelashes scratch the front of the eye, can successfully be treated by either of the two most common types of eyelid surgery, according to findings from a large comparison trial.

      

      
        A smoother way to study 'twistronics'
        A new article describes a fingernail-sized machine that can twist thin materials at will, replacing the need to fabricate twisted devices one by one.

      

      
        Genetic risk-factor overlap between Alzheimer's disease, and all-cause and vascular dementias
        Medical researchers conducted the largest-ever genome-wide association study of all-cause dementia, finding substantial genetic overlap with vascular dementia.

      

      
        Cancer cells may be using lipids to hide from the immune system
        New study demonstrates that one type of lipid is so critical for immune evasion that certain cancers cannot proliferate without them. Modulating intake of dietary lipids could open up an avenue for treatment.
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Genetic tracing at the Huanan Seafood market further supports COVID animal origins | ScienceDaily
A new international collaborative study provides a list of the wildlife species present at the market from which SARS-CoV-2, the virus responsible for the COVID-19 pandemic, most likely arose in late 2019. The study is based on a new analysis of metatranscriptomic data released by the Chinese Center for Disease Control and Prevention (CDC). The data come from more than 800 samples collected in and around the Huanan Seafood Wholesale market beginning on January 1, 2020, and from viral genomes reported from early COVID-19 patients. The research appears September 19 in the journal Cell.


						
"This is one of the most important datasets that exists on the origin of the COVID-19 pandemic," says co-corresponding author Florence Debarre of the French National Centre for Scientific Research (CNRS). "We're extremely grateful that the data exist and were shared."

"This paper adds another layer to the accumulating evidence that all points to the same scenario: that infected animals were introduced into the market in mid- to late November 2019, which sparked the pandemic," says co-corresponding author Kristian Andersen of Scripps Research.

"We have analyzed, in new and rigorous ways, the vitally important data that the Chinese CDC team collected," says co-corresponding author Michael Worobey of the University of Arizona. "This is an authoritative analysis of that data and how it fits in with the rest of the huge body of evidence we have about how the pandemic started."

On January 1, 2020, after the animals were removed and just hours after the market was closed, investigators from the Chinese CDC went to the market to collect samples. They swabbed the floors, walls, and other surfaces of the stalls; they came back days later to focus on surfaces in stalls selling wildlife, such as a cage and carts used to move animals, and then also collected samples from the drains and sewers.

They performed metatranscriptomic sequencing of the samples, a technique aiming to obtain all RNA sequences (and which can pick up DNA as well) from all organisms present in the samples -- viruses, bacteria, plants, animals, humans. The Chinese CDC team, led by Liu Jun, published their data and results in 2023 in the journal Nature. However, the article left unresolved the exact identities of the animal species found in the data that could represent plausible intermediate hosts. The Chinese CDC shared their sequencing data on public and open repositories.

According to the latest analysis of these data being published in Cell, SARS-CoV-2 was present in some of the same stalls as wildlife sold at the market -- including raccoon dogs (small fox-like animals with markings similar to raccoons) and civet cats (small carnivorous mammals related to mongooses and hyenas). In some cases, genetic material from the SARS-CoV-2 virus and these animals was even found on the same swabs. The exact animal species were identified by genotyping their mitochondrial genomes in the samples.




"Many of the key animal species had been cleared out before the Chinese CDC teams arrived, so we can't have direct proof that the animals were infected," Debarre says. "We are seeing the DNA and RNA ghosts of these animals in the environmental samples, and some are in stalls where SARS-CoV-2 was found too. This is what you would expect under a scenario in which there were infected animals in the market."

"These are the same sorts of animals that we know facilitated the original SARS coronavirus jumping into humans in 2002," Worobey adds. "This is the most risky thing we can do -- take wild animals that are teeming with viruses and then play with fire by bringing them into contact with humans living in the heart of big cities, whose population densities make it easy for these viruses to take hold."

The international team also performed evolutionary analysis of the earliest viral genomes reported in the pandemic, including these environmental sequences, and inferred the most likely progenitor genotypes of the virus that infected humans and led to the COVID-19 pandemic. The results imply that there were very few, if any, humans infected prior to the market outbreak. This is consistent with spillovers from animals to humans within the market. There may also have been spillovers of limited impact in the immediate upstream animal trade.

"In this paper, we show that the sequences linked to the market are consistent with a market emergence," Debarre says. "The main diversity of SARS-CoV-2 was in the market from the very beginning."

The new study landed on a short list of animal species in the wet market found co-occurring or close to viral samples that could represent the most likely intermediate hosts for SARS-CoV-2. The common raccoon dog, a species susceptible to SARS-CoV-2 and that carried SARS-CoV in 2003, was found to be the most genetically abundant animal in the samples from market wildlife stalls. Genetic material from masked palm civets, which were also associated with the earlier outbreak of SARS-CoV, was also found in a stall with SARS-CoV-2 RNA. Other species such as the Hoary bamboo rat and Malayan porcupines were also found to be present in SARS-CoV-2-positive samples, as well as a multitude of other species.

While the data cannot prove whether one or more of these animals may have been infected, the team's analyses provide a clear list of the species that most plausibly could have carried the virus and genetic information that could be used to help trace where they originated.

The investigators stress the importance of understanding the origins of the COVID-19 pandemic, especially in light of other recent spillovers, such as the spread of avian flu viruses in cattle in the United States. "There has been a lot of disinformation and misinformation about where SARS-CoV-2 originated," Worobey says. "The reason it's so important to find out is that this affects national security and public health, not just in the United States but around the world. And the truth is, since the pandemic started more than four years ago, although there has been an increased focus on lab safety, not much has been done to decrease the chance of a zoonotic scenario like this happening again."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240919115136.htm
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Clinical trial successfully repurposes cancer drug for hereditary bleeding disorder | ScienceDaily
A drug approved for treating the blood cancer multiple myeloma may offer a safe and effective way to reduce the risk of severe nosebleeds from a rare but devastating bleeding disorder. Hereditary hemorrhagic telangiectasia (HHT), the world's second-most-common inherited bleeding disorder, affects approximately 1-in-5,000 people and can have life-threatening complications, but there are currently no U.S. FDA-approved drugs to treat HHT. The PATH-HHT study, the first-ever randomized, placebo-controlled U.S. clinical trial, evaluated the oral drug pomalidomide, currently approved to treat multiple myeloma, to treat bleeding and disease manifestations in HHT. The trial, which enrolled more than 50 patients at Massachusetts General Hospital (MGH), a founding member of the Mass General Brigham healthcare system, found that the drug resulted in a significant, clinically relevant reduction in the severity of nosebleeds and improved quality of life. Results of PATH-HHT are published in the New England Journal of Medicine.


						
"The results of our trial demonstrate the clear safety and efficacy of pomalidomide to treat bleeding in HHT, giving these patients a much-needed effective treatment option," said first author Hanny Al-Samkari, MD, the Peggy S. Blitz Endowed Chair in Hematology/Oncology at Massachusetts General Hospital, Associate Professor of Medicine at Harvard Medical School, classical hematologist and principal investigator at the Mass General Cancer Center. "While much work is still needed to develop additional treatments for HHT, the PATH-HHT study serves as proof of principle that we can develop effective drugs to treat this awful disease."

Patients with HHT suffer from severe, recurrent nose bleeding that severely reduces their health-related quality of life and results in unemployment and social isolation. They also endure chronic gastrointestinal bleeding, which results in severe anemia and dependence on intravenous iron infusions and blood transfusions. They can additionally suffer from vascular malformations in internal organs, like the brain, lungs, and liver, that can cause life-threatening bleeding, strokes, and heart complications.

The PATH-HHT study is a National Institutes of Health-sponsored clinical trial that enrolled patients at 11 centers, including MGH. The trial evaluated pomalidomide to treat disease manifestations in HHT, focusing on the severe nosebleeds that affect almost all patients with this disease. The primary outcome achieved significant improvements in longitudinal nosebleed severity over time in the pomalidomide group versus the placebo group. Additionally, the investigators found substantial improvements in HHT-specific quality of life in patients receiving pomalidomide compared with those receiving placebo.

The PATH-HHT study was intended to enroll 159 participants but because it eclipsed its prespecified threshold for efficacy, it was closed to enrollment early.

"When you do a clinical trial, closing early for efficacy is the best possible outcome," said Al-Samkari.

The most common side-effects of pomalidomide were neutropenia, constipation, and rash, but these were mostly mild and manageable. The authors note that additional studies will be needed to define the mechanisms of action of pomalidomide in HHT -- that is, why the drug works for this condition. Future studies will also be needed to determine if the drug could have similar effects in patients with gastrointestinal bleeding or other HHT complications.

Massachusetts General Hospital is a HHT Center of Excellence, as certified by the Cure HHT Foundation, and serves over 500 families with HHT throughout Massachusetts and the rest of New England, plus upstate New York. People additionally travel from far and wide to participate in clinical trial opportunities within the MGH HHT Center. The Center is co-directed by Al-Samkari and Josanna Rodriguez-Lopez, MD, from the Division of Pulmonary and Critical Care Medicine.

"As you can imagine, for a neglected but serious disease with no approved therapies, we had great interest in the PATH-HHT study from patients, and enrolled over 50 patients into this important trial," Al-Samkari said. "This success would not have been possible without the efforts of Pamela Hodges, NP, PhD and the incredible research nurses, coordinators, and associates within the Mass General Cancer Center, as well as my colleagues throughout MGH HHT Center. It has also been my great pleasure to work with Dr. Keith McCrae at the Cleveland Clinic to contribute to this multicenter effort. As a multisystem disease, HHT is very much a team sport."
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Operating room design linked to length of surgery | ScienceDaily
Xiaobo Quan is proud that his study is the first of its kind to link operating room design to the length of knee- and hip-replacement surgeries.


						
Thus, the University of Kansas School of Architecture & Design associate professor believes its findings can be used to optimize spaces that will both produce better outcomes, via shorter surgeries, for patients and boost the hospital's bottom line.

For the article just published in the journal Health Environments Research & Design, Quan observed in real time a series of 70 knee- and hip-replacement surgeries done side by side by same surgical teams in differently sized and laid out operating rooms at a Midwestern hospital. The larger and better designed of the two rooms saw a significantly shorter average surgery time and a smaller number of troublesome, time-consuming interactions ("surgical flow disruptions"), for example physical collisions among OR personnel and equipment, Quan found.

"Previous studies looked at the impact of space design on the frequency of disruptions encountered, but they didn't control for the huge influence of the surgery type and the speed of the individual surgeon," the KU researcher said. "I think the beauty of my study is I controlled these two major factors."

Quan said no previous studies had proven that environmental design could shorten the time of a surgical procedure. "The breakthrough for my study is that it is the first to link the built environment of ORs to surgery duration," he said. "Naturally, if we experience more disruptions to our surgery process, we will have a longer surgery. But there are no previous research studies looking at that. My study was the first one to make the connection directly."

This is important, Quan said, because with efficient surgery scheduling, taking five to six minutes off each 80- to 100-minute surgery -- which is about what the quasi-experiment showed for the better-designed room -- might add up to two-hour savings in total staffing time for all staff members working in an OR per day. The savings are significant for healthcare organizations facing high labor costs. Not to mention that it's better for the patient in terms of better infection prevention, less waiting, faster recovery, et al.

The benefits could be even bigger with continuing optimization. Quan is planning research to see how OR design can be further improved to contribute even more to surgery efficiency and reduce surgery duration.
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Calorie labels on alcohol might help some drinkers maintain a healthier weight | ScienceDaily
Just over half of heavier drinkers in England say they would make changes to their drinking if calorie labels for alcohol were introduced, according to a new study by UCL researchers.


						
The findings, the researchers said, suggested calorie labels could help some drinkers maintain a healthier weight.

The study, published in the journal BMJ Open, looked at survey responses from 4,683 adults in England to assess the impact that alcohol calorie labelling might have on people's attitudes and drinking behaviour.

The researchers found that 54% of heavier drinkers (defined as "hazardous drinkers" based on a questionnaire) said they would make changes to their drinking if calorie labels were introduced. This compared to 44% of lighter drinkers.

Asked about specific behaviour changes, more than a quarter of heavier drinkers (27%) said they would choose lower calorie drinks, while one in six said they would drink alcohol less often (18%) and consume fewer drinks (17%).

The researchers also assessed people's knowledge of the calorie contents of alcoholic drinks, finding that hazardous drinkers were more likely than low-risk drinkers or non-drinkers to accurately estimate the number of calories in beer, wine, cider and spirits.

Lead author Professor Andrew Steptoe (UCL Behavioural Science & Health) said: "Our study found that a sizeable proportion of heavier drinkers said they would change their drinking habits if calorie labelling was introduced.




"This suggests labelling might help target higher-risk drinkers who are getting a greater proportion of calories from alcohol and are more likely to gain excess weight as a result.

"While survey responses do not necessarily correspond to behaviour, the results indicate that labels could play a useful role in reducing consumption of the hidden calories in alcohol.

"About 9% of calories consumed by men and 5% by women come from alcoholic drinks. Alcohol calorie labelling could therefore contribute in a modest way to helping people maintain a healthy weight."

Under current UK law, all food and non-alcoholic drinks must display nutritional information. Alcoholic products are exempt from this and only need to show the strength of alcohol, the volume of the drink and any allergens contained in them.

For the new study, researchers looked at survey responses from a representative sample of adults in England, collected between November 2022 and January 2023.

They grouped survey respondents into non-drinkers, low-risk drinkers and hazardous drinkers based on a questionnaire about drinking habits, which asked about the amount of alcohol consumed as well as the impact of drinking on daily life. About three quarters of drinkers were classed as low-risk and one quarter as hazardous.




More than half of respondents (58%) said calorie labelling would be useful, with 64% agreeing it should be provided in shops and supermarkets, and 52% saying it should be available in pubs, bars and restaurants. Drinkers were less likely than non-drinkers to support labelling being provided.

Asked to choose the correct 50kcal range for different alcoholic drinks, hazardous drinkers were consistently more accurate compared with non-drinkers and low-risk drinkers. If they were not accurate, they tended to overestimate rather than under-estimate calorie content.

The researchers concluded that campaigns to improve public knowledge about calories in alcoholic drinks might be less effective at reducing consumption than seeking to change attitudes.

Given that hazardous drinkers were more likely to overestimate calorie content, increasing knowledge could possibly encourage hazardous drinkers to drink more, the researchers said.

Co-author Professor Jamie Brown (UCL Behavioural Science & Health) said: "While these results are encouraging, it is unlikely that alcohol calorie labelling in isolation would contribute substantially to the UK Government's strategy to reduce harms from alcohol and obesity. It might have a positive role as part of a more comprehensive approach, including regulation on advertising, availability, taxation and price."

The researchers said increasing the availability of lower calorie drinks would be helpful, as this was the most common action in response to mandatory labelling and was particularly popular among hazardous drinkers.

The study was commissioned and funded by the National Institute for Health and Care Research (NIHR) Obesity Policy Research Programme.
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Can the MIND diet lower the risk of memory problems later in life? | ScienceDaily
People whose diet more closely resembles the MIND diet may have a lower risk of cognitive impairment, according to a study published in the September 18, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology. Results were similar for Black and white participants. These results do not prove that the MIND diet prevents cognitive impairment, they only show an association.


						
The MIND diet is a combination of the Mediterranean and DASH diets. It includes green leafy vegetables like spinach, kale and collard greens along with other vegetables. It recommends whole grains, olive oil, poultry, fish, beans and nuts. It prioritizes berries over other fruits and recommends one or more servings of fish per week.

"With the number of people with dementia increasing with the aging population, it's critical to find changes that we can make to delay or slow down the development of cognitive problems," said study author Russell P. Sawyer, MD, of the University of Cincinnati in Ohio and member of the American Academy of Neurology. "We were especially interested to see whether diet affects the risk of cognitive impairment in both Black and white study participants."

The study involved 14,145 people with an average age of 64. Of participants, 70% were white and 30% were Black. They were followed for an average of 10 years.

Participants filled out a questionnaire on their diet over the past year. Researchers looked at how closely the foods people were eating matched the MIND diet.

One point was given for each of the following: three or more daily servings of whole grains; six or more weekly servings of green leafy vegetables; one or more daily servings of other vegetables; two or more weekly servings of berries; one or more weekly servings of fish; two or more weekly servings of poultry; three weekly servings of beans; five daily servings of nuts; four or fewer weekly servings of red meat; one or fewer weekly servings of fast or fried foods; one or more weekly servings of olive oil; and one or fewer tablespoons of butter or margarine daily; five or fewer weekly servings of pastries and sweets; and one glass per day of wine. The total points possible was 12.

Researchers then divided participants into three groups. The low group had an average diet score of five, the middle group had an average score of seven and the high group had an average score of nine.




Thinking and memory skills were measured at the beginning and end of the study.

During the study, cognitive impairment developed in 532 people, or 12% of 4,456 people in the low diet group; in 617 people, or 11% of 5,602 people in the middle group; and in 402 people, or 10% of the 4,086 people in the high group.

After adjusting for factors such as age, high blood pressure and diabetes, researchers found people in the high group had a 4% decreased risk of cognitive impairment compared to those in the low group.

When looking at male and female participants, researchers found a 6% decreased risk of cognitive impairment for female participants who most closely followed the diet but no decreased risk for male participants.

Researchers also looked at how quickly people's thinking skills declined as they developed problems. They found that people who more closely followed the MIND diet declined more slowly than those who did not, and that association was stronger in Black participants than in white participants.

"These findings warrant further study, especially to examine these varying impacts among men and women and Black and white people, but it's exciting to consider that people could make some simple changes to their diet and potentially reduce or delay their risk of cognitive issues," said Sawyer.

A limitation of the study was it included only older Black and white people so results may not be the same for other populations.

The study was funded by the National Institute of Neurological Disorders and Stroke and the National Institute on Aging.
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Some diabetes drugs tied to lower risk of dementia, Parkinson's disease | ScienceDaily
A class of drugs for diabetes may be associated with a lower risk of dementia and Parkinson's disease, according to a study published in the September 18, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology.


						
The study looked at sodium-glucose cotransporter-2 (SGLT2) inhibitors, which are also known as gliflozins. They lower blood sugar by causing the kidneys to remove sugar from the body through urine.

"We know that these neurodegenerative diseases like dementia and Parkinson's disease are common and the number of cases is growing as the population ages, and people with diabetes are at increased risk of cognitive impairment, so it's encouraging to see that this class of drugs may provide some protection against dementia and Parkinson's disease," said study author Minyoung Lee, MD, PhD, of Yonsei University College of Medicine in Seoul, South Korea.

The retrospective study looked at people with type 2 diabetes who started diabetes medication from 2014 to 2019 in South Korea. People taking SGLT2 inhibitors were matched with people taking other oral diabetes drugs, so the two groups had people with similar ages, other health conditions and complications from diabetes. Then researchers followed the participants to see whether they developed dementia or Parkinson's disease. Those taking the SGLT2 inhibitors were followed for an average of two years and those taking the other drugs were followed for an average of four years.

Among the 358,862 participants with an average age of 58, a total of 6,837 people developed dementia or Parkinson's disease during the study.

For Alzheimer's disease, the incidence rate for people taking SGLT2 inhibitors was 39.7 cases per 10,000 person-years, compared to 63.7 cases for those taking other diabetes drugs. Person-years represent both the number of people in the study and the amount of time each person spends in the study.

For vascular dementia, which is dementia caused by vascular disease, the incidence rate for people taking the SGLT2 drugs was 10.6 cases per 10,000, compared to 18.7 for those taking the other drugs.




For Parkinson's disease, the incidence rate for those taking the SGLT2 drugs was 9.3 cases per 10,000, compared to 13.7 for those taking the other drugs.

After researchers adjusted for other factors that could affect the risk of dementia or Parkinson's disease, such as complications from diabetes and medications, they found that SGLT2 inhibitor use was associated with a 20% reduced risk of Alzheimer's disease and a 20% reduced risk of Parkinson's disease. Those taking the drugs had a 30% reduced risk of developing vascular dementia.

"The results are generally consistent even after adjusting for factors like blood pressure, glucose, cholesterol and kidney function," Lee said. "More research is needed to validate the long-term validity of these findings."

Lee said that since participants were followed for less than five years at the most, it's possible that some participants would later develop dementia or Parkinson's disease.

The study was supported by the Korea Health Technology R&D Project through the Korea Health Industry Development Institute, funded by the Ministry of Health & Welfare of Korea; Severance Hospital; and Yonsei University College of Medicine.
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Explaining dramatic planet-wide changes after world's last 'Snowball Earth' event | ScienceDaily
Some of the most dramatic climatic events in our planet's history are "Snowball Earth" events that happened hundreds of millions of years ago, when almost the entire planet was encased in ice up to 0.6 miles (1 kilometer) thick.


						
These "Snowball Earth" events have happened only a handful of times and do not occur on regular cycles. Each lasts for millions of years or tens of millions of years and is followed by dramatic warming, but the details of these transitions are poorly understood.

New research from the University of Washington provides a more complete picture for how the last Snowball Earth ended, and suggests why it preceded a dramatic expansion of life on Earth, including the emergence of the first animals.

The study recently published in Nature Communications focuses on ancient rocks known as "cap carbonates," thought to have formed as the glacial ice thawed. These rocks preserve clues to Earth's atmosphere and oceans about 640 million years ago, far earlier than what ice cores or tree rings can record.

"Cap carbonates contain information about key properties of Earth's atmosphere and ocean, such as changing levels of carbon dioxide in the air, or the acidity of the ocean," said lead author Trent Thomas, a UW doctoral student in Earth and space sciences. "Our theory now shows how these properties changed during and after Snowball Earth."

Cap carbonates are layered limestone or dolomite rocks that have a distinct chemical makeup and today are found in over 50 global locations, including Death Valley, Namibia, Siberia, Ireland and Australia. These rocks are thought to have formed as the Earth-encircling ice sheets melted, causing dramatic changes in atmospheric and ocean chemistry and depositing this unique type of sediment onto the ocean floor.

They are called "caps" because they are the caps above glacial deposits left after Snowball Earth, and "carbonates" because both limestone and dolomite are carbon-containing rocks. Understanding their formation helps explain the carbon cycle during periods of dramatic climate change. The new study, which models the environmental changes, also provides hints about the evolution of life on Earth and why more complex lifeforms followed the last Snowball Earth.




"Life on Earth was simple -- in the form of microbes, algae or other tiny aquatic organisms -- for over 2 billion years leading up to Snowball Earth," said senior author David Catling, a UW professor of Earth and space sciences. "In fact, the billion years leading up to Snowball Earth are called the 'boring billion' because so little happened. Then two Snowball Earth events occurred. And soon after, animals appear in the fossil record."

The new paper provides a framework for how the last two facts may be connected.

The study modeled chemistry and geology during three phases of Snowball Earth. First, during Snowball Earth's peak, thick ice encircling the planet reflected sunlight, but some areas of open water allowed exchange between the ocean and atmosphere. Meanwhile frigid seawater continued to react with the ocean floor.

Eventually, carbon dioxide built up in the atmosphere to the point where it trapped enough solar energy to raise global temperatures and melt the ice. This let rainfall reach the Earth, and let freshwater flow into the ocean to join a layer of glacial meltwater that floated over the denser, salty ocean water. This layered ocean slowed down ocean circulation. Later, ocean churning picked up, and mixing between the atmosphere, upper ocean, and deep ocean resumed.

"We predict important changes in the environment as Earth recovered from the Snowball period, some of which affected the temperature, acidity and circulation of the ocean. Now that we know these changes, we can more confidently figure out how they affected Earth's life," Thomas said.

Future research will explore how pockets of life that may have survived the tumult of the Snowball Earth and its aftermath could have evolved into the more complex lifeforms that followed soon after.

The research was funded by the National Science Foundation and NASA, in part by a NASA Astrobiology Program grant to the UW's Virtual Planetary Laboratory.
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Higher levels of leptin indicate brain protection against late-life dementia | ScienceDaily
New research is more closely linking obesity to dementia.


						
Higher levels of leptin, a hormone that helps maintain normal body weight, is associated with better signal-transmitting brain white matter in middle-aged adults, according to a study by The University of Texas Health Science Center at San Antonio (UT Health San Antonio).

"The findings support the known role of leptin variations in late-life dementia risk by relating its deficiency with changes in white matter structure, which is an early event in the process of cognitive impairment due to Alzheimer's disease or vascular dementia," said Claudia Satizabal, PhD, associate professor at the Glenn Biggs Institute for Alzheimer's and Neurodegenerative Diseases at UT Health San Antonio.

Satizabal is lead author of the study titled, "Leptin bioavailability and markers of brain atrophy and vascular injury in the middle age," published Aug. 12 in Alzheimer's & Dementia: The Journal of the Alzheimer's Association. Other authors also are with the Biggs Institute, as well as Tufts Medical Center in Boston; the Framingham Heart Study; Boston University School of Public Health; University of California-Davis; National and Kapodistrian University of Athens; and Columbia University.

Obesity and Alzheimer's

Alzheimer's disease is the leading cause of dementia, impacting the lives of millions of people worldwide, the study notes. Increasing evidence suggests that midlife obesity is an important contributor to the risk of developing the disease.

This has led to a growing interest in untangling the mechanisms linking obesity to Alzheimer's, which potentially extend through vascular, genetic and metabolic pathways. And the study of adipose or fatty tissue has led to significant insights.




Once viewed as a passive reservoir for energy storage, adipose tissue now is considered a part of the endocrine system, secreting a group of bioactive peptides known as adipokines, or cell-signaling molecules that play functional roles in the energy or metabolic status of the body, inflammation and obesity.

Leptin is an adipokine responsible for central control of food intake and energy homeostasis, and has been implicated in a variety of neurophysiological functions, including brain development, neurogenesis and neuroprotection.

Because of these effects, it has been considered a plausible mechanism in the pathway leading from obesity to Alzheimer's disease. It is supported by findings tying higher leptin levels to lower risk for incident Alzheimer's disease and mild cognitive impairment, as well as better structural brain indicators in older adults, the study notes.

Still, studies conducted in younger individuals have not detected associations between leptin and early indicators of brain damage preceding late-life dementia risk. Researchers in the new study at UT Health San Antonio aimed to gain further insights into the potential relationships of leptin with neurodegenerative and cerebrovascular burden.

Specifically, they investigated the associations of leptin markers with cognitive function and magnetic resonance imaging (MRI) measures of brain atrophy and vascular injury in healthy middle-aged adults.

They conducted neuropsychological evaluations of 2,262 cognitively healthy participants from the Framingham Heart Study, a long-term cardiovascular cohort study of residents from Framingham, Massachusetts, spanning three generations and now a project of the National Heart, Lung and Blood Institute, in collaboration with Boston University.




The scientists measured concentrations of leptin, its soluble leptin receptor and their ratio, known as the free leptin index, indicating leptin bioavailability, using enzyme-linked immunosorbent assays. Cognitive and MRI measures were derived using standardized protocols.

The results found a higher association of the soluble leptin receptor with lower fractional anisotropy, a biomarker of brain white-matter integrity, and peak-width skeletonized mean diffusivity, an imaging marker for white-matter injury. Correspondingly, a higher free leptin index was associated with higher fractional anisotropy.

These results were replicated in a study that included 89 cognitively healthy Hispanic participants from San Antonio, by MarkVCID, a consortium of U.S. academic medical centers whose mission is to identify and validate biomarkers for the small vessel diseases of the brain that produce vascular contributions to cognitive impairment and dementia (VCID).

Taken together, the researchers concluded that higher leptin bioavailability was associated with better white-matter integrity in healthy middle-aged adults, supporting the putative neuroprotective role of leptin in late-life dementia risk.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240918142424.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



South African rock art possibly inspired by long-extinct species | ScienceDaily
A mysterious tusked animal depicted in South African rock art might portray an ancient species preserved as fossils in the same region, according to a study published September 18, 2024 in the open-access journal PLOS ONE by Julien Benoit of the University of the Witwatersrand, Johannesburg, South Africa.


						
The Horned Serpent panel is a section of rock wall featuring artwork of animals and other cultural elements associated with the San people of South Africa, originally painted between 1821 and 1835. Among the painted figures is a long-bodied animal with downward-turned tusks which doesn't match any known modern species in the area. As the San people are known to have included various aspects of their surroundings into art, including fossils, Benoit suggests the tusked creature might have been inspired by an extinct species.

The Karoo Basin of South Africa is famous for abundant well-preserved fossils, including tusked animals called dicynodonts, which are often found eroding out of the ground. Benoit revisited the Horned Serpent panel and found the tusked figure comparable with dicynodont fossils, an interpretation that is also supported by San myths of large animals that once roamed the region but are now extinct. If the tusked figure is in fact an artistic interpretation of a dicynodont, a species which went extinct before dinosaurs appeared and were long extinct when humans appeared in Africa, it would predate the first scientific description of these ancient animals by at least ten years.

There is archaeological evidence that the San people might have collected fossils and incorporated them into their artwork, but the extent of indigenous knowledge of paleontology is poorly understood across Africa. Further research into indigenous cultures might shed more light on how humans around the world have incorporated fossils into their culture.

Julien Benoit adds: "The painting was made in 1835 at the latest, which means this dicynodont was depicted at least ten years before the western scientific discovery and naming of the first dicynodont by Richard Owen in 1845. This work supports that the first inhabitants of southern Africa, the San hunter-gatherers, discovered fossils, interpreted them and integrated them in their rock art and belief system."
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Even marine animals in untouched habitats are at risk from human impacts | ScienceDaily
Climate change and a range of other human impacts are putting marine animals at risk of extinction -- even those living in almost pristine marine habitats and diverse coastal regions -- reports a new study by Casey O'Hara of the National Center for Ecological Analysis and Synthesis at the University of California, Santa Barbara, USA, and colleagues, published September 18, 2024 in the open-access journal PLOS ONE.


						
Human activities on land and sea, in combination with climate change, are degrading coastal ecosystems, increasing the risk of extinction for multiple species and threatening important ecosystem services that humans depend on. To effectively address these threats, however, it is important to understand where and to what extent human-caused stressors are impacting marine ecosystems.

In a new study, researchers estimated the impact of human activities on more than 21,000 marine animal species worldwide, taking into account their exposure and vulnerability to stressors, including fishing, shipping, and land-based threats. They then mapped the impacts across the global ocean, identifying locations where climate-driven impacts overlap with other human-caused stressors.

The researchers' analysis showed that even relatively untouched habitats may still be home to species at elevated risk. Additionally, many coastal regions with a high diversity of species may be at greater risk than previously realized, based on earlier studies that focused on habitats, not species. Researchers also found that the impacts from climate change -- namely, elevated sea surface temperature and ocean acidification -- were greater than other human-caused stressors, regardless of the ecosystem studied.

Corals were the marine group most at risk overall, with molluscs including squid and octopuses, echinoderms like sea stars and sea urchins, and crustaceans such as shrimp, crabs and lobsters also deemed to be at especially high risk.

The results from this work provide a more complete understanding of which species and habitats are at risk, and where conservationists should target their efforts. The researchers hope this data can be combined with socioeconomic information to help prioritize effective, economically efficient and socially equitable conservation actions to benefit both nature and people.

Casey O'Hara adds: "Our species-focused approach helps identify spatially defined practices and activities that most affect at-risk marine species. While blanket protections such as exclusive marine reserves are effective at conserving marine biodiversity, they also can impose economic hardship on locals and provoke political opposition. We believe our work reveals opportunities for politically feasible, cost-effective targeted interventions to reduce biodiversity impacts, such as focused fishing gear restrictions, agricultural improvements to reduce nutrient runoff, and incentives for shipping speed reductions."
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Hexagonal electrohydraulic modules shape-shift into versatile robots | ScienceDaily
Scientists at the Max-Planck-Institute for Intelligent Systems (MPI-IS) have developed hexagon-shaped robotic components, called modules, that can be snapped together LEGO-style into high-speed robots that can be rearranged for different capabilities. The team of researchers from the Robotic Materials Department at MPI-IS, led by Christoph Keplinger, integrated artificial muscles into hexagonal exoskeletons that are embedded with magnets, allowing for quick mechanical and electrical connections. The team's work, "Hexagonal electrohydraulic modules for rapidly reconfigurable high-speed robots" will be published in Science Robotics on September 18, 2024.


						
Six lightweight rigid plates made from glass fiber serve as the exoskeleton of each HEXEL module. The inner joints of the hexagons are driven by hydraulically amplified self-healing electrostatic (HASEL) artificial muscles. Applying a high voltage to the module causes the muscle to activate, rotating the joints of the hexagon and changing its shape from long and narrow to wide and flat.

"Combining soft and rigid components in this way enables high strokes and high speeds. By connecting several modules, we can create new robot geometries and repurpose them for changing needs," says Ellen Rumley, a visiting researcher from the University of Colorado Boulder. She and Zachary Yoder, who are both Ph.D. students working in the Robotic Materials Department, are co-first authors of the publication.

In a video, the team shows the many behaviors that can be created with HEXEL modules. A group of modules crawls through a narrow gap, while a single module actuates so fast that it can leap into the air. Multiple modules are connected into larger structures that produce different motions depending on how the modules are attached. For instance, the team combined several modules into a robot which rapidly rolls.

"In general, it makes a lot of sense to develop robots with reconfigurable capabilities. It's a sustainable design option -- instead of buying five different robots for five different purposes, we can build many different robots by using the same components. Robots made from reconfigurable modules could be rearranged on demand to provide more versatility than specialized systems, which could be beneficial in resource-limited environments'', Yoder concludes.
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Flexible circuits made with silk and graphene on the horizon | ScienceDaily
After thousands of years as a highly valuable commodity, silk continues to surprise. Now it may help usher in a whole new direction for microelectronics and computing.


						
While silk protein has been deployed in designer electronics, its use is currently limited in part because silk fibers are a messy tangle of spaghetti-like strands.

Now, a research team led by scientists at the Department of Energy's Pacific Northwest National Laboratory has tamed the tangle. They report in the journal Science Advances that they have achieved a uniform two-dimensional (2D) layer of silk protein fragments, or "fibroins," on graphene, a carbon-based material useful for its excellent electrical conductivity.

"These results provide a reproducible method for silk protein self-assembly that is essential for designing and fabricating silk-based electronics," said Chenyang Shi, the study's lead author. "It's important to note that this system is nontoxic and water-based, which is crucial for biocompatibility."

This combination of materials -- silk-on-graphene -- could form a sensitive, tunable transistor highly desired by the microelectronics industry for wearable and implantable health sensors. The PNNL team also sees potential for their use as a key component of memory transistors or "memristors," in computing neural networks. Memristors, used in neural networks, allow computers to mimic how the human brain functions.

The Silk Road

For centuries, silkworm silk production was a closely guarded secret in China, while its fame spread through the celebrated Silk Road trade routes to India, the Middle East, and eventually Europe. By the Middle Ages, silk had become a status symbol and a coveted commodity in European markets. Even today, silk is associated with luxury and status.




The same underlying properties that make silk fabric world-renowned -- elasticity, durability, and strength -- have led to its use in advanced materials applications.

"There's been a lot of research using silk as a way of modulating electronic signals, but because silk proteins are naturally disordered, there's only so much control that's been possible," said James De Yoreo, a Battelle Fellow at PNNL with a dual appointment as a Professor of Materials Science and Engineering and of Chemistry at the University of Washington. "So, with our experience in controlling material growth on surfaces, we thought 'what if we can make a better interface?'"

To do that, the team carefully controlled the reaction conditions, adding individual silk fibers to the water-based system in a precise manner. Through precision laboratory conditions, the team achieved a highly organized 2D layer of proteins packed in precise parallel b-sheets, one of the most common protein shapes in nature. Further imaging studies and complementary theoretical calculations showed that the thin silk layer adopts a stable structure with features found in natural silk. An electronic structure at this scale -- less than half the thickness of a strand of DNA -- supports the miniaturization found everywhere in the bio-electronics industry.

"This type of material lends itself to what we call field effects," said De Yoreo. "This means that it's a transistor switch that flips on or off in response to a signal. If you add, say, an antibody to it, then when a target protein binds, you cause a transistor to switch states."

Indeed, the researchers are planning to use this starting material and technique to create their own artificial silk with functional proteins added to it to enhance its usefulness and specificity.

This study represents the first step in controlled silk layering on functional electronic components. Key areas of future research include improving the stability and conductivity of silk-integrated circuits and exploring silk's potential in biodegradable electronics to increase the use of green chemistry in electronic manufacturing.

In addition to De Yoreo, PNNL materials scientist Shuai Zhang and Xiang Yang Liu of Xiamen University, Xiamen, China, were co-lead authors of the study. Other contributors include Marlo Zorman of the University of Washington, Seattle; Xiao Zhao and Miquel B. Salmeron of Lawrence Berkeley National Laboratory; and Jim Pfaendtner of North Carolina State University.

This study was supported by the DOE Office of Science, Basic Energy Sciences program. The molecular dynamics simulations and scanning Kelvin probe microscopy measurements were supported by the DOE BES Energy Frontiers Research Centers program through CSSAS: The Center for the Sciences of Synthesis Across Scales at the University of Washington.
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Versatile knee exo for safer lifting | ScienceDaily
A set of knee exoskeletons, built with commercially available knee braces and drone motors at the University of Michigan, has been shown to help counteract fatigue in lifting and carrying tasks. They helped users maintain better lifting posture even when tired, a key factor in defending against on-the-job injuries, the researchers say.


						
"Rather than directly bracing the back and giving up on proper lifting form, we strengthen the legs to maintain it," said Robert Gregg, U-M professor of robotics and corresponding author of the study in Science Robotics. "This differs from what's more commonly done in industry."

Already workers who lift regularly, such as in construction and manufacturing, may use back braces. Back exoskeletons, which use springs or motors to help with lifting, are an emerging technology. But devices supporting the back assume unsafe lifting, or stooping, and back exoskeletons tend to be cumbersome devices that must be deactivated to allow motions that aren't part of the lifting task, Gregg said.

The Michigan team says their knee exoskeletons are the first to support the quadriceps muscles instead, which provide the bulk of the force in safe squat lifting, as a less intrusive way to help protect workers from back injuries. Study participants tested them out with lifting and carrying tasks using a 20 lb kettlebell.

The tasks included lifting the weight off the ground and setting it down again, and lifting and carrying the weight on flat ground, up and down an incline, and up and down stairs. The study found that, after becoming fatigued, the participants kept better posture with the help of the exoskeleton, and they also lifted faster -- just 1% slower than their pre-fatigued paces, versus 44% slower without the aid of the exoskeletons.

"This is especially important when a worker has to keep up with a conveyor belt. Usually, when a worker is fatigued, they'll keep up with that rate, but with a compromised posture. They'll bend their back more, and that's when injuries are most likely," said Nikhil Divekar, a postdoctoral research fellow in robotics at U-M and first author of the study.

The participants felt the benefit, too -- they mainly said they were quite or very satisfied, with the exception of walking on level ground, for which they were more or less satisfied. This tracks with the small amount of assistance required by the quadriceps during this relatively easy task; Gregg described it as just enough support to counteract the weight of the exoskeleton.




One of the keys to making the exoskeleton so wearable is the motors and the way that they are geared, which enables users to swing their knees freely for a natural gait. The other is the software, which predicts what kind of assistance the user needs by measuring the angle of the knee joint, the orientations of the thigh and lower leg, and the force picked up by a sensor in the user's shoe.

With these three measurements from both legs, it's possible to work out what motion the user is trying to do, and how much assistance to give. These measurements were taken 150 times per second, enabling the exos to move seamlessly between activities.

This approach is in contrast to many exo controllers, which follow predefined patterns for a limited set of tasks. Switching tasks can be a problem for these controllers, and they may need a full second to figure out what the user is trying to do, Gregg said.

"If your exo is trying to walk upstairs, and you're trying to walk downstairs, that could be a problem, right?" he said.

The new controller also pairs a physics model with machine learning, which prevents the exoskeleton from making unexpected moves if the user begins behaving differently than any activity included in the controller's training data.

The lab prototypes cost about $4,000 per pair, so Gregg anticipates that if the exoskeletons were produced at scale, they might cost about $2,000 per pair.

The 10 study participants, five women and five men, did all the tasks on two different days, one day fresh and the other fatigued. To induce fatigue, each participant performed a series of squat lifts with the kettlebell until they couldn't continue without a long break between repetitions. All participants had experience with proper squat lifting techniques.

The study was funded by the National Institutes of Health.

The team has applied for patent protection with the assistance of U-M Innovation Partnerships and is seeking partners to bring the technology to market.
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Sea surface temperature record in the southwestern Pacific: Coral colony from Fiji reveals warmest temperatures in over 600 years | ScienceDaily
The sea surface temperature in the Fijian archipelago in the southwestern Pacific is now at its maximum for more than 600 years. This is the result of an international research team's evaluation of a new coral record providing further evidence for unprecedented warming in the western Pacific Ocean. According to this, the year 2022 was the warmest year in the region since 1370. The scientists used the giant coral Diploastrea heliopora colony in Fiji to obtain the data for the new reconstruction. These unique and long-lived massive corals record long-term climatic and environmental changes in their chemical composition that have shaped the reef and the giants themselves over many centuries. They are vital archives of past climate variability across the tropics, often providing a direct link to human storylines of past experiences of climate variations.


						
The team collected a more than 2-meter-long core from this colony, which is growing only 3 to 6 millimeters per year, and analyzed its skeletal chemical composition to draw conclusions on the temperature variations over the course of 627 years. This was supplemented by the results of 26 years of instrumental measurements of water temperatures. The southwestern Pacific region is a major driver of climate variability, modulating for example the El Nino-Southern Oscillation, one of the main phenomena influencing global climate, thus affecting human activities and natural ecosystems worldwide.

Corals -- living temperature sensors

The research team, co-led by Universidad Nacional Autonoma de Mexico and the University of Leicester in the UK, has thus produced what is to date the longest continuous coral Strontium/Calcium-sea surface temperature reconstruction, offering a distinct and unprecedented perspective on long-term Pacific climate swings from a key location to characterize ocean temperature gradients. Researchers from Johannes Gutenberg University Mainz (JGU) contributed to the study by supporting the annually resolved chronology of the coral record. "We used the uranium-thorium dating method to determine the age of each deposited layer. Thus, we were able to independently check and finally confirm the identification of the counting of individual annual layers. This enabled the precise and absolute dating of the coral," said Professor Denis Scholz, head of the Isotope-geochemical Palaeoclimatology / Speleothem Research group at the JGU Institute of Geosciences.

As they can live for centuries and even thousands of years, corals serve researchers as living temperature sensors -- by recording the chemical composition of the ocean around them in their skeletons, day-in and day-out. The corals act like a living temperature sensor by changing the ratio of skeletal Strontium over Calcium with lower ratios being related to higher temperatures. The study shows that the current sea surface temperature in the Fijian archipelago is highest for the past 653 years, and persistent synchronous western and central Pacific warming rates could adversely impact Pacific Island ecosystems and nations. The work also sheds new light on the interplay between ocean temperature trends across the tropical and subtropical Pacific Oceans over six centuries, revealing how late 20th century warming has become increasingly synchronized between these regions that normally oppose each other, creating important temperature gradients that are the heart of major shifts in rainfall centers across the past few centuries. Taking into account current climate model simulations, researchers expect additional drought and heavy rainfall events in certain areas of the Pacific over the further course of the 21st century. If no counteractions are taken, there will be detrimental impacts for the inhabitants of endangered Pacific islands and their ecosystems.

International collaboration spanning three continents 

The study was a collaboration of Universidad Nacional Autonoma de Mexico, Universidad Autonoma de Baja California, the University of Leicester, the University of New South Wales, Monash University, Universite de Bordeaux, the Helmholtz-Zentrum Hereon, and Johannes Gutenberg University Mainz.
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Breast and ovarian cancer newly linked to thousands of gene variants | ScienceDaily
Scientists have pinpointed thousands of genetic changes in a gene that may increase a person's risk of developing breast and ovarian cancer, paving the way for better risk assessment and more personalised care.


						
Researchers from the Wellcome Sanger Institute and their collaborators focused on the 'cancer protection' gene RAD51C, finding over 3,000 harmful genetic changes that could potentially disrupt its function and increase ovarian cancer risk six-fold and risk of aggressive subtypes of breast cancer four-fold. These findings were confirmed by analysing data from large-scale health databases.

The findings, published today (18 September) in Cell, are freely available so that they can be immediately used to help doctors and diagnostic laboratory scientists better assess cancer risk, especially for individuals with a family history of these cancers, reducing the uncertainty that often accompanies genetic testing.

The study also identified regions of the protein essential for its function, pointing to new roles in cancer development and potential therapeutic targets.

Breast cancer is the most common cancer in the UK, with around 56,800 new cases every year. One in seven UK females will be diagnosed with breast cancer in their lifetime. Ovarian cancer is the sixth most common cancer in females in the UK, with around 7,500 new cases every year.

The RAD51C gene encodes a protein crucial for DNA repair. Variants in this gene that stop the protein from working are known to increase the risk of breast and ovarian cancers and rarely, if there are two harmful gene changes are present, may result in Fanconi Anaemia, a severe genetic disorder. Women with a faulty RAD51C gene face a 15 to 30 per cent lifetime risk of developing breast cancer and a 10 to 15 per cent risk of developing ovarian cancer.

While genetic testing is common for individuals with a strong family history of cancer, the health impacts of most RAD51C variants were previously unknown. This uncertainty over cancer risk often leaves patients and doctors struggling to determine appropriate medical care moving forward.




In this new study, researchers from the Wellcome Sanger Institute and their collaborators set out to understand the effect of 9,188 unique changes in the RAD51C gene by artificially altering the genetic code of human cells grown in a dish, in a process known as 'saturation genome editing'. They identified 3,094 of these variants that may disrupt the gene's function and increase cancer risk, with an accuracy above 99.9 per cent when compared to clinical data. Analysis of UK Biobank data and an ovarian cancer cohort of over 8,000 individuals further confirmed the link between these harmful RAD51C variants and cancer diagnoses.

By mapping the protein structure, the team also identified crucial surface areas of RAD51Cessential for its DNA repair function. These regions may interact with other, yet-to-be-identified proteins or play a role in processes such as phosphorylation, offering valuable insights for drug development and potential new treatment targets.

The study also revealed the existence of 'hypomorphic alleles' -- a type of variant that reduces the RAD51C gene's function without completely disabling it. These appear to be more common than previously thought and may significantly contribute to breast and ovarian cancer risk.

Rebeca Olvera-Leon, first author of the study at the Wellcome Sanger Institute, said: "This research demonstrates that genetic risk for breast and ovarian cancer isn't a simple yes-or-no scenario, but exists on a spectrum based on how genetic changes affect protein function. With a more comprehensive understanding of how RAD51C genetic variants contribute to cancer risk, this opens up new possibilities for more accurate risk prediction, prevention strategies, and potentially targeted therapies."

Dr Andrew Waters, co-senior author of the study at the Wellcome Sanger Institute, said: "This work demonstrates the power of analysing genetic variants on a large scale within their genomic context. Not only can we understand how cancer-related DNA changes affect patients, helping with clinical decisions, but we can also explore how these variants impact the gene's function at a detailed molecular level. This provides important insights into how proteins work and how genes evolve over time."

Dr David Adams, co-senior author of the study at the Wellcome Sanger Institute, said: "The strong connection between harmful variants and cancer in large studies suggests that this approach to variant classification could be a valuable tool in personalised medicine and cancer prevention. We aim to extend this technique to many other genes, with the goal of covering the entire human genome in the next decade through the Atlas of Variant Effects."

Professor Clare Turnbull, clinical lead of the study, Professor of Translational Cancer Genetics at The Institute of Cancer Research, London, and Consultant in Clinical Cancer Genetics at The Royal Marsden NHS Foundation, said: "These new data will be highly useful for diagnostic laboratories to better understand the RAD51C gene changes that we identify on clinical genetic testing in cancer patients and their family members. The assay data will help us to conclude which gene changes are harmful and which are innocent. This aids our decision making regarding which patients might benefit from offer of extra breast cancer screening and preventive surgery of the ovaries."
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Homemade 'play-putty' can read the body's electric signals | ScienceDaily
A new study by University of Massachusetts Amherst researchers demonstrates the effectiveness of homemade play putty at reading brain, heart, muscle and eye activity. Published in Device, the research outlines the conductive properties of this material, so-named "squishy circuits."


						
"[Squishy circuits] are literally child's play putty, that is also conductive" describes Dmitry Kireev, assistant professor of biomedical engineering and senior author on the paper.

The conductive squishy circuits -- whether homemade or store-bought- are made of flour, water, salt, cream of tartar and vegetable oil. "Salt is what makes it conductive," Kireev explains. As a child's toy, this modeling clay is a maleable way to add lights to an art projectby connecting them to a power source as a way to teach kids about circuits. Now, Kireev and his team have demonstrated that the material has more potential.

"We used the squishy circuits as an interface to measure electricity or measure bioelectrical potentials from a human body," he says. They found that, compared to commercially available gel electrodes, these squishy circuits effectively captured various electrophysiology measurements: electroencephalogram (EEG) for brain activity, electrocardiogram (ECG) for heart recordings, electrooculogram (EOG) for tracking eye movement and electromyography (EMG) for muscle contraction.

"What makes one electrode material better than another in terms of the quality of the measurements is impedance," he explains. Impedance is a measure that describes the quality of conductivity between two materials. "The lower the impedance between the electrode and the tissue, the better the conductivity in between and the better your ability to measure those bioelectrical potentials."

The study found that the impedance for the squishy circuit electrode was on par with one of the commercially available gel electrodes and twice as better as a second comparison electrode.

Kireev highlights several benefits to this material. First is cost: Even using pre-made putty, the cost per electrode was about 1cent. Typical electrodes cost on average between $0.25 and $1.

Also, the material is resilient: it can be formed and reformed, molded to the contours of the skin, combined with more putty to make it bigger, reused and easily reconnected if it comes apart. Other comparable state-of-the-art wearable bioelectronics have been made of carbon nanotubes, graphene, silver nanowires and organic polymers. While highly conductive, these materials can be expensive, difficult to handle or make, single use or fragile.

Kireev also highlights the availability of these materials. "It's something you can do at home or in high school laboratories, for example, if needed," he says. "You can democratize these applications [so it's] more widespread."

He gives credit to his research team of undergraduate students (some of whom have since graduated and are continuing with graduate studies at UMass): Alexandra Katsoulakis, Favour Nakyazze, Max Mchugh, Sean Morris, Monil Bhavsar and Om Tank.
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Magnifying deep space through the 'carousel lens' | ScienceDaily
In a rare and extraordinary discovery, researchers have identified a unique configuration of galaxies that form the most exquisitely aligned gravitational lens found to date. The Carousel Lens is a massive cluster-scale gravitational lens system that will enable researchers to delve deeper into the mysteries of the cosmos, including dark matter and dark energy.


						
"This is an amazingly lucky 'galactic line-up' -- a chance alignment of multiple galaxies across a line-of-sight spanning most of the observable universe," said David Schlegel, a co-author of the study and a senior scientist in Berkeley Lab's Physics Division. "Finding one such alignment is a needle in the haystack. Finding all of these is like eight needles precisely lined up inside that haystack."

The Carousel Lens is an alignment consisting of one foreground galaxy cluster (the 'lens') and seven background galaxies spanning immense cosmic distances and seen through the gravitationally distorted space-time around the lens. In the dramatic image below:
    	The lensing cluster, located 5 billion light years away from Earth, is shown by its four brightest and most massive galaxies (indicated by La, Lb, Lc, and Ld), and these constitute the foreground of the image.
    	Seven unique galaxies (numbered 1 through 7), appear through the lens. These are located far beyond, at distances from 7.6 to 12 billion light years away from Earth, approaching the limit of the observable universe.
    	Each galaxy's repeated appearances (indicated by each number's letter index, e.g., a through d) show differences in shape that are curved and stretched into multiple "fun house mirror" iterations caused by the warped space-time around the lens.
    	Of particular interest is the discovery of an Einstein Cross -- the largest known to date -- shown in galaxy number 4's multiple appearances (indicated by 4a, 4b, 4c, and 4d). This rare configuration of multiple images around the center of the lens is an indication of the symmetrical distribution of the lens' mass (dominated by invisible dark matter) and plays a key role in the lens-modeling process.

Light traveling from far-distant space can be magnified and curved as it passes through the gravitationally distorted space-time of nearer galaxies or clusters of galaxies. In rare instances, a configuration of objects aligns nearly perfectly to form a strong gravitational lens. Using an abundance of new data from the Dark Energy Spectroscopic Instrument (DESI) Legacy Imaging Surveys, recent observations from NASA's Hubble Space Telescope, and the Perlmutter supercomputer at the National Energy Research Scientific Computing Center (NERSC), the research team built on their earlier studies (in May 2020 and Feb 2021) to identify likely strong lens candidates, laying the groundwork for the current discovery.

"Our team has been searching for strong lenses and modeling the most valuable systems," explains Xiaosheng Huang, a study co-author and member of Berkeley Lab's Supernova Cosmology Project, and a professor of physics and astronomy at the University of San Francisco. "The Carousel Lens is an incredible alignment of seven galaxies in five groupings that line up nearly perfectly behind the foreground cluster lens. As they appear through the lens, the multiple images of each of the background galaxies form approximately concentric circular patterns around the foreground lens, as in a carousel. It's an unprecedented discovery, and the computational model generated shows a highly promising prospect for measuring the properties of the cosmos, including those of dark matter and dark energy."

The study also involved several Berkeley Lab student researchers, including the lead author, William Sheu, an undergraduate student intern with DESI at the beginning of this study, now a PhD student at UCLA and a DESI collaborator.

The Carousel Lens will enable researchers to study dark energy and dark matter in entirely new ways based on the strength of the observational data and its computational model.

"This is an extremely unusual alignment, which by itself will provide a testbed for cosmological studies," observes Nathalie Palanque-Delabrouille, director of Berkeley Lab's Physics Division. "It also shows how the imaging done for DESI can be leveraged for other scientific applications," such as investigating the mysteries of dark matter and the accelerating expansion of the universe, which is driven by dark energy.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240918125107.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Artificial intelligence grunt work can be outsourced using a new blockchain-based framework | ScienceDaily
Tomorrow's workplace will be run on mind-boggling amounts of data. To make sense of it all, businesses, developers and individuals will need better artificial intelligence (AI) systems, better trained AI workers and more efficient number-crunching servers.


						
While big tech companies have the resources and expertise to meet these demands, they remain beyond the reach of most small and medium-sized enterprises and individuals. To respond to this need, a Concordia-led international team of researchers has developed a new framework to make complex AI tasks more accessible and transparent to users.

The framework, described in an article published in the journal Information Sciences, specializes in providing solutions to deep reinforcement learning (DRL) requests. DRL is a subset of machine learning that combines deep learning, which uses layered neural networks to find patterns in huge data sets, and reinforcement learning, in which an agent learns how to make decisions by interacting with its environment based on a reward/penalty system.

DRL is used in industries as diverse as gaming, robotics, health care and finance.

The framework pairs developers, companies and individuals that have specific but out-of-reach AI needs with service providers who have the resources, expertise and models they require. The service is crowdsourced, built on a blockchain and uses a smart contract -- a contract with a pre-defined set of conditions built into the code -- to match the users with the appropriate service provider.

"Crowdsourcing the process of training and designing DRL makes the process more transparent and more accessible," says Ahmed Alagha, a PhD candidate at the Gina Cody School of Engineering and Computer Science and the paper's lead author.

"With this framework, anyone can sign up and build a history and profile. Based on their expertise, training and ratings, they can be allocated tasks that users are requesting."

Democratizing DRL




According to his co-author and thesis supervisor Jamal Bentahar, a professor at the Concordia Institute for Information Systems Engineering, this service opens the potential offered by DRL to a much wider population than was previously available.

"To train a DRL model, you need computational resources that are not available to everyone. You also need expertise. This framework offers both," he says.

The researchers believe that their system's design will reduce costs and risk by distributing computation efforts via the blockchain. The potentially catastrophic consequences of a server crash or malicious attack are mitigated by having dozens or hundreds of other machines working on the same problem.

"If a centralized server fails, the whole platform goes down," Alagha explains. "Blockchain gives you distribution and transparency. Everything is logged on it, so it is very difficult to tamper with."

The difficult and costly process of training a model to work properly can be shortened by having an existing model available that only requires some relatively minor adjustments to fit a user's particular needs.

"For instance, suppose a large city develops a model that can automate traffic light sequences to optimize traffic flow and minimize accidents. Smaller cities or towns may not have the resources to develop one on their own, but they can use the one the big city developed and adapt it for their own circumstances."

Hadi Otrok, Shakti Singh and Rabeb Mizouni of Khalifa University in Abu Dhabi contributed this study.
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Why petting your cat leads to static electricity | ScienceDaily
Anyone who has ever pet a cat or shuffled their feet across the carpet knows that rubbing objects together generates static electricity. But an explanation for this phenomenon has eluded researchers for more than two millennia.


						
Now, Northwestern University scientists have finally uncovered the mechanics at play.

When an object slides, the front and back parts of that object experience different forces, researchers found. This difference in forces causes different electrical charges to build up on the front and back parts of the object. And the difference in electrical charges creates a current, leading to a light zap.

The study was published yesterday (Sept. 17) in the journal Nano Letters.

"For the first time, we are able to explain a mystery that nobody could before: why rubbing matters," said Northwestern's Laurence Marks, who led the study. "People have tried, but they could not explain experimental results without making assumptions that were not justified or justifiable. We now can, and the answer is surprisingly simple. Just having different deformations -- and therefore different charges -- at the front and back of something sliding leads to current."

An expert in surface structures, Marks is a professor emeritus of materials science and engineering at Northwestern's McCormick School of Engineering. Karl Olson, a Ph.D. student in Marks' research group, is the paper's first author.

Greek philosopher Thales of Miletus first reported friction-induced static electricity in 600 B.C. After rubbing amber with fur, he noticed the fur attracted dust.




"Since then, it has become clear that rubbing induces static charging in all insulators -- not just fur," Marks said. "However, this is more or less where the scientific consensus ended."

Marks and his team started to unravel the mystery in 2019. In a study published in Physical Review Letters, they reported that rubbing two materials together bends tiny protrusions on the surfaces of those materials. Those bent, deformed protrusions give rise to voltages, the researchers found.

"In 2019, we had the seed of what was going on. However, like all seeds, it needed time to grow," Marks said. "Now, it has blossomed. We developed a new model that calculates electrical current. The values for the current for a range of different cases were in good agreement with experimental results."

A concept called "elastic shear" lies at the heart of the new model. Elastic shear can occur when a material resists a sliding force. If a person pushes a plate across a table, the plate will resist sliding. As soon as the person stops pushing it, the plate stops moving. This added friction -- caused by the resistance to sliding -- causes electrical charges to move.

"Sliding and shear are intimately connected," Marks said.

Although static electricity can cause funny mishaps, like hair standing on end after going down a playground slide, it also can lead to serious problems. For example, sparks from static electricity cause industrial fires and even explosions. It also can hinder consistent dosing for powdered pharmaceuticals. With a better understanding of the mechanisms at play, researchers potentially could introduce new solutions to these issues.

"Static electricity affects life in both simple and profound ways," Marks said. "Charging grains with static electricity has a major influence on how coffee beans are ground and taste. The Earth would probably not be a planet without a key step in the clumping of particles that form planets, which occurs because of the static electricity generated by colliding grains. It's amazing how much of our lives are touched by static electricity and how much of the universe depends on it."

The study, "What puts the 'tribo' in triboelectricity," was supported by Northwestern Engineering.
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Metal exposure can increase cardiovascular disease risk | ScienceDaily
Metal exposure from environmental pollution is associated with increased calcium buildup in the coronary arteries at a level comparable to traditional risk factors like smoking and diabetes, according to a study published today in JACC, the flagship journal of the American College of Cardiology. The findings support that metals in the body are associated with the progression of plaque buildup in the arteries and potentially provide a new strategy for managing and preventing atherosclerosis.


						
"Our findings highlight the importance of considering metal exposure as a significant risk factor for atherosclerosis and CVD," said Katlyn E. McGraw, PhD, a postdoctoral research scientist at Columbia University Mailman School of Public Health and lead author of the study. "This could lead to new prevention and treatment strategies that target metal exposure."

Atherosclerosis is a condition in which the arteries become narrowed and hardened due to a buildup of plaque. This can restrict blood flow and cause clots to form. It's an underlying cause of heart attacks, strokes, and peripheral artery disease (PAD), the most common forms of cardiovascular disease (CVD). Atherosclerosis causes coronary artery calcium (CAC), which can be measured non-invasively to predict future cardiac events.

"This groundbreaking study underscores the critical associations of metal exposure from environmental pollution to cardiovascular health," said Harlan M. Krumholz, the Harold H. Hines, Jr. Professor at Yale and Editor-in-Chief of JACC. "It challenges us to broaden our approach to CVD prevention beyond traditional risk factors and to advocate for stronger environmental regulations, and it underscores the need for continued research in this critical area."

Exposure to environmental pollutants like metals is a newly recognized risk factor for CVD, but there isn't a lot of research on its association with CAC. Researchers in this study sought to determine how urinary metal levels, biomarkers of metal exposure and internal doses of metals impact CAC.

Researchers used data from the Multi-Ethnic Study of Atherosclerosis (MESA) prospective cohort, tracking 6,418 men and women aged 45-84 from diverse racial backgrounds free from clinical CVD, to measure urinary metal levels at the beginning of the study in 2000-2002. They examined non-essential (cadmium, tungsten, uranium) and essential (cobalt, copper, zinc) metals, both common in U.S. populations and associated with CVD. Widespread cadmium, tungsten, uranium, cobalt, copper, and zinc pollution occurs from agricultural and industrial uses such as fertilizers, batteries, oil production, welding, mining, and nuclear energy production. Tobacco smoke is the main source of cadmium exposure.

Results provided evidence that metal exposure may be associated with atherosclerosis over 10 years by increasing coronary calcification.




Comparing the highest to lowest quartile of urinary cadmium, CAC levels were 51% higher at baseline and 75% higher over the 10-year period. For urinary tungsten, uranium and cobalt, the corresponding CAC levels over the 10-year period were 45%, 39%, and 47% higher, respectively. For copper and zinc, the corresponding estimates dropped from 55% to 33% and from 85% to 57%, respectively, after adjustment for clinical factors.

Non-essential and essential urinary metal levels also varied by demographic characteristics. Higher urinary metal levels were seen in older participants, Chinese participants and those with less education. Participants from Los Angeles had markedly higher urinary tungsten and uranium levels, and somewhat higher cadmium, cobalt, and copper levels.

The study's analysis also considered traditional CVD risk factors such as smoking, diabetes, and LDL-cholesterol levels. The associations between metals and CAC progression were comparable in magnitude to those for traditional risk factors.

"Pollution is the greatest environmental risk to cardiovascular health," McGraw said. "Given the widespread occurrence of these metals due to industrial and agricultural activities, this study calls for heightened awareness and regulatory measures to limit exposure and protect cardiovascular health."

Limitations of the study include the unavailability of plaque transition measures in MESA, changes in exposure sources and other factors causing variability of certain measured metals, and the potential for residual and unknown confounding of time-varying exposure measurements.

In an accompanying editorial comment, Sadeer Al-Kindi, MD, Associate Director of Cardiovascular Prevention and Wellness at the Houston Methodist DeBakey Heart and Vascular Center, said the evidence of the study has important implications for public health, health equity and clinical practice.

"The field of environmental cardiovascular medicine, exemplified by this research, offers an emerging frontier in cardiovascular disease prevention and treatment," Al-Kindi said. "Addressing environmental risk factors like metal exposure will significantly reduce the global burden of cardiovascular disease and address long-standing health disparities."
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Like humans, artificial minds can 'learn by thinking' | ScienceDaily
Some of the greatest discoveries don't come merely from observations but from thinking. Einstein developed theories about relativity through thought experiments, and Galileo derived insights about gravity through mental simulations. A review published September 18 in the journal Trends in Cognitive Sciences shows that this process of thinking is not exclusive to humans. Artificial intelligence, too, is capable of self-correction and arriving at new conclusions through "learning by thinking."


						
"There are some recent demonstrations of what looks like learning by thinking in AI, particularly in large language models," says author Tania Lombrozo, a professor of psychology and co-director of the Natural and Artificial Minds initiative at Princeton University. "Sometimes ChatGPT will correct itself without being explicitly told. That's similar to what happens when people are engaged in learning by thinking."

Lombrozo identified four examples of learning by thinking in humans and AI: learners can acquire new information without external input through explanation, simulation, analogy, and reasoning. In humans, explaining how a microwave works to a child might reveal the gaps in our understanding. Rearranging furniture in the living room often involves creating a mental image to simulate different layouts before making any physical changes. Downloading pirated software may initially seem morally acceptable until one draws an analogy to the theft of physical goods. If you know that a friend's birthday is on a leap day and tomorrow is a leap day, you can reason that your friend's birthday is tomorrow.

AI shows similar learning processes. When asked to elaborate on a complex topic, AI may correct or refine its initial response based on the explanation it provides. The gaming industry uses simulation engines to approximate real-world outcomes, and models can use the outputs of simulations as inputs to learning. Asking a language model to draw analogies can lead it to answer questions more accurately than it would with simple questions. Prompting AI to engage in step-by-step reasoning can lead it to answers it would fail to reach with a direct query.

"This poses the question of why both natural and artificial minds have these characteristics. What function does learning by thinking serve? Why is it valuable?" says Lombrozo. "I argue that learning by thinking is a kind of 'on-demand learning.'"

When you learn something new, you don't know how the information may serve you in the future. Lombrozo says people can squirrel away the knowledge for later -- until the context makes it relevant and worthwhile to expend the cognitive effort to think and learn.

Lombrozo acknowledges the challenges in defining the boundaries between reasoning, learning, and other high-level cognitive functions, which is an area of debate within the field of cognitive sciences. The review also raises more questions, some of which Lombrozo plans to explore further, such as whether AI systems are actually "thinking" or simply mimicking the outputs of such processes.

"AI has gotten to the point where it's so sophisticated in some ways, but limited in others, that we have this opportunity to study the similarities and differences between human and artificial intelligence," says Lombrozo. "We can learn important things about human cognition through AI and improve AI by comparing it to natural minds. It's a pivotal moment where we're in this new position to ask these interesting, comparative questions."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240918125029.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Discarding the placenta after birth leads to loss of valuable information, pathologists say | ScienceDaily

"Placentas should not be considered a waste tissue," says senior author Mana Parast, MD, PhD, professor of pathology at University of California San Diego School of Medicine. "They can teach us a lot about not just what went wrong in a pregnancy, but also inform about subsequent pregnancies for the health of the pregnant person and baby."

The placenta is critical to the exchange of nutrients and waste products between the developing offspring and the pregnant person. If the placenta becomes diseased, it can impact the parent and offspring, both during pregnancy and later in life. At its most severe, placental pathology can cause stillbirths, and this is the medical scenario in which placentas are most often examined clinically. However, different types of placental pathology are also associated with small birth size and neurological issues in infants, and with hypertension (preeclampsia) and other cardiovascular issues in the parent.

"Placental pathology can potentially identify not just the cause of an adverse outcome in the baby, but also insight into why something happened in the mom, and what that means for their health in the future," says Parast, perinatal pathologist and director of the perinatal pathology service at UC San Diego Health. "For example, we're learning that a particular lesion in the placenta called decidual arteriopathy is potentially a marker for future cardiovascular disease in women, and other lesions can tell you whether preeclampsia or stillbirth is likely to recur in subsequent pregnancies."

Examining placentas of preterm babies can also inform their immediate care by helping to detect fungal infections that would otherwise take days to identify.

"Preterm babies that go to the neonatal intensive care unit usually receive antimicrobial antibiotics to prevent bacterial infections that might have taken hold, because premature babies don't have a very good immune system, but they're not given antifungals," says Parast. "Culturing for fungal infections in blood takes a few days, but if we quickly examine the placentas of preterm babies for signs of fungal infection, we can immediately alert the NICU team to add an anti-fungal to the regimen."

Despite the wealth of information that they provide, placentas are underutilized clinically. To start to remedy this, the researchers suggest that clinicians begin by incorporating placental pathology into the care for complicated pregnancies.

"There are hospitals in the United States where all placentas are examined by the pathologists, even for uncomplicated pregnancies, and sometimes that evaluation prompts additional examination, but that definitely takes a lot more resources," says Parast.

Though the implications of some patterns of placental pathology are known, others remain unclear, and very little is known about why these placental issues occur. For these reasons, the researchers say that placental research deserves more research funding and needs to be incorporated into prospective clinical trials.

"Incorporating placental evaluations into ongoing clinical trials will provide even more information about how different placental lesions relate to the patients' current and future health, and the underlying pathophysiology behind these lesions," says Parast. "If placental pathology isn't incorporated into these trials, it's kind of like if a cancer trial was conducted without pathology -- they would just be driving blind."
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Gargantuan black hole jets are biggest seen yet | ScienceDaily
Astronomers have spotted the biggest pair of black hole jets ever seen, spanning 23 million light-years in total length. That's equivalent to lining up 140 Milky Way galaxies back to back.


						
"This pair is not just the size of a solar system, or a Milky Way; we are talking about 140 Milky Way diameters in total," says Martijn Oei, a Caltech postdoctoral scholar and lead author of a new Nature paper reporting the findings. "The Milky Way would be a little dot in these two giant eruptions."

The jet megastructure, nicknamed Porphyrion after a giant in Greek mythology, dates to a time when our universe was 6.3 billion years old, or less than half its present age of 13.8 billion years. These fierce outflows -- with a total power output equivalent to trillions of suns -- shoot out from above and below a supermassive black hole at the heart of a remote galaxy.

Prior to Porphyrion's discovery, the largest confirmed jet system was Alcyoneus, also named after a giant in Greek mythology. Alcyoneus, which was discovered in 2022 by the same team that found Porphyrion, spans the equivalent of around 100 Milky Ways. For comparison, the well-known Centaurus A jets, the closest major jet system to Earth, spans 10 Milky Ways.

The latest finding suggests that these giant jet systems may have had a larger influence on the formation of galaxies in the young universe than previously believed. Porphyrion existed during an early epoch when the wispy filaments that connect and feed galaxies, known as the cosmic web, were closer together than they are now. That means enormous jets like Porphyrion reached across a greater portion of the cosmic web compared to jets in the local universe.

"Astronomers believe that galaxies and their central black holes co-evolve, and one key aspect of this is that jets can spread huge amounts of energy that affect the growth of their host galaxies and other galaxies near them," says co-author George Djorgovski, professor of astronomy and data science at Caltech. "This discovery shows that their effects can extend much farther out than we thought."

Unveiling a Vast Population 

The Porphyrion jet system is the biggest found so far during a sky survey that has revealed a shocking number of the faint megastructures: more than 10,000. This massive population of gargantuan jets was found using Europe's LOFAR (LOw Frequency ARray) radio telescope.




While hundreds of large jet systems were known before the LOFAR observations, they were thought to be rare and on average smaller in size than the thousands of systems uncovered by the radio telescope.

"Giant jets were known before we started the campaign, but we had no idea that there would turn out to be so many," says Martin Hardcastle, second author of the study and a professor of astrophysics at the University of Hertfordshire in England. "Usually when we get a new observational capability, such as LOFAR's combination of wide field of view and very high sensitivity to extended structures, we find something new, but it was still very exciting to see so many of these objects emerging."

Back in 2018, Oei and his colleagues began using LOFAR to study not black hole jets but the cosmic web of wispy filaments that crisscrosses the space between galaxies. As the team inspected the radio images for the faint filaments, they began to notice several strikingly long jet systems.

"When we first found the giant jets, we were quite surprised," says Oei, who is also affiliated with Leiden Observatory in the Netherlands. "We had no idea that there were this many."

To systematically search for more hidden jets, the team inspected the radio images by eye, used machine-learning tools to scan the images for signs of the looming jets, and enlisted the help of citizen scientists around the globe to eyeball the images further. A paper describing their most recent batch of giant outflows, containing more than 8,000 jet pairs, has been accepted for publication in the journal Astronomy & Astrophysics.

Lurking in the Past

To find the galaxy from which Porphyrion originated, the team used the Giant Metrewave Radio Telescope(GMRT) in India along with ancillary data from a project called Dark Energy Spectroscopic Instrument(DESI), which operates from Kitt Peak National Observatory in Arizona. The observations pinpointed the home of the jets to a hefty galaxy about 10 times more massive than our Milky Way.




The team then used the W. M. Keck Observatory in Hawai'i to show that Porphyrion is 7.5 billion light-years from Earth. "Up until now, these giant jet systems appeared to be a phenomenon of the recent universe," Oei says. "If distant jets like these can reach the scale of the cosmic web, then every place in the universe may have been affected by black hole activity at some point in cosmic time," Oei says.

The observations from Keck also revealed that Porphyrion emerged from what is called a radiative-mode active black hole, as opposed to one that is in a jet-mode state. When supermassive black holes become active -- in other words, when their immense forces of gravity tug on and heat up surrounding material -- they are thought to either emit energy in the form of radiation or jets. Radiative-mode black holes were more common in the young, or distant, universe, while jet-mode ones are more common in the present-day universe.

The fact that Porphyrion came from a radiative-mode black hole came as a surprise because astronomers did not know this mode could produce such huge and powerful jets. What is more, because Porphyrion lies in the distant universe where radiative-mode black holes abound, the finding implies there may be a lot more colossal jets left to be found.

"We may be looking at the tip of the iceberg," Oei says. "Our LOFAR survey only covered 15 percent of the sky. And most of these giant jets are likely difficult to spot, so we believe there are many more of these behemoths out there."

Ongoing Mysteries

How the jets can extend so far beyond their host galaxies without destabilizing is still unclear. "Martijn's work has shown us that there isn't anything particularly special about the environments of these giant sources that causes them to reach those large sizes," says Hardcastle, who is an expert in the physics of black hole jets. "My interpretation is that we need an unusually long-lived and stable accretion event around the central, supermassive black hole to allow it to be active for so long -- about a billion years -- and to ensure that the jets keep pointing in the same direction over all of that time. What we're learning from the large number of giants is that this must be a relatively common occurrence."

As a next step, Oei wants to better understand how these megastructures influence their surroundings. The jets spread cosmic rays, heat, heavy atoms, and magnetic fields throughout the space between galaxies. Oei is specifically interested in finding out the extent to which giant jets spread magnetism. "The magnetism on our planet allows life to thrive, so we want to understand how it came to be," he says. "We know magnetism pervades the cosmic web, then makes its way into galaxies and stars, and eventually to planets, but the question is: Where does it start? Have these giant jets spread magnetism through the cosmos?"




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240918125024.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Researchers use machine learning to improve cardiovascular risk assessment | ScienceDaily
Risk calculators are used to evaluate disease risk for millions of patients, making their accuracy crucial. But when national models are adapted for local populations, they often deteriorate, losing accuracy and interpretability. Investigators from Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system, used advanced machine learning to increase the accuracy of a national cardiovascular risk calculator while preserving its interpretability and original risk associations. Their results showed higher accuracy overall in an electronic health records cohort from Mass General Brigham and reclassified roughly one in ten patients into a different risk category to facilitate more precise treatment decisions. The results are published in JAMA Cardiology.


						
"Risk calculators are incredibly important as they are an integral part of the conversation between providers and patients on risk prevention," said first author Aniket Zinzuwadia, MD, a resident physician in Internal Medicine at Brigham and Women's Hospital. "But sometimes, when applying these global calculators to local populations, there is variability inherent to the nature of an area -- whether that is different demographic characteristics, different physician practice patterns, or different risk factors -- so we wanted to find a way to tailor the foundational cardiovascular disease risk model to local populations in a safe way that builds upon what is already being done."

The American Heart Association released the Predicting Risk of Cardiovascular Disease Events (PREVENT) calculator in 2023 for adults ages 30-79. This new and improved tool helps predict the likelihood of a person developing a heart attack, stroke, or heart failure in 10 years and in 30 years. While the PREVENT equations have done well at assessing risk at a national level, the researchers wanted to test if their technique could better calibrate the risk assessment for more local populations.

In the study, researchers used electronic health record data from 95,326 Mass General Brigham patients who were 55 or older in 2007 and who had at least one lipid or blood pressure measurement between 1997-2006 and at least one encounter with the hospital system between 2007-2016. The team used XGBoost, an open-source machine learning library, to recalibrate PREVENT's equations while still preserving the associations of known risk factors with the outcomes observed in the original model. The results demonstrated greater accuracy and the reclassification of one out of ten patients in this population.

"This could theoretically represent a group of patients that might not have been prescribed statin therapies in the original application of the model, for example, but who might have benefited from them," said Zinzuwadia.

While more steps are needed before this technique could be applied to patient care, the team would like to see how it performs in the local populations of other healthcare systems and, eventually, for clinicians and researchers to use the tool to tailor global risk models.

"A major challenge of applying AI to medical research is ensuring that machine learning models are not just flexible, but also transparent, reliable, and grounded in domain knowledge," said co-senior author Olga Demler, PhD, an associate biostatistician at Brigham and Women's Hospital's Division of Preventive Medicine. "Our approach shows that it is possible to avoid the 'black box' nature of AI applications and may offer a path forward where sophisticated algorithms can retain their flexibility while producing guarantees of their performance."

Authorship: Additional authors include Olga Mineeva, Chunying Li, Zareen Farukhi, Franco Giulianini, Brian Cade, Lin Chen, Elizabeth Karlson, Nina Paynter, and Samia Mora.

Disclosures: Samia Mora has served as a consultant to Pfizer for work outside the current study. Olga Demler and Nina Paynter have received funding from Kowa Research Institute for work unrelated to the current study. Aniket Zinzuwadia has served as an employee of Heartbeat Health for work outside the current study.

Funding: Researchers were supported by the National Heart, Lung, and Blood Institute (K24 HL136852, R21 HL156174, R21HL167173, K01HL135342, and R21125962), the American Heart Association (17IGMV33860009), the Swiss Federal Institute of Technology (ETH, Zurich, Switzerland), Dataspectrum4CVD from the Swiss Data Science Center/Personalized Health & Related Technologies, Zurich, Switzerland, and the National Human Genome Research Institute (U01HG008685).
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NASA's Webb provides another look into galactic collisions | ScienceDaily
Smile for the camera! An interaction between an elliptical galaxy and a spiral galaxy, collectively known as Arp 107, seems to have given the spiral a happier outlook thanks to the two bright "eyes" and the wide semicircular "smile." The region has been observed before in infrared by NASA's Spitzer Space Telescope in 2005, however NASA's James Webb Space Telescope displays it in much higher resolution. This image is a composite, combining observations from Webb's MIRI (Mid-Infrared Instrument) and NIRCam (Near-Infrared Camera).


						
NIRCam highlights the stars within both galaxies and reveals the connection between them: a transparent, white bridge of stars and gas pulled from both galaxies during their passage. MIRI data, represented in orange-red, shows star-forming regions and dust that is composed of soot-like organic molecules known as polycyclic aromatic hydrocarbons. MIRI also provides a snapshot of the bright nucleus of the large spiral, home to a supermassive black hole.

The spiral galaxy is classified as a Seyfert galaxy, one of the two largest groups of active galaxies, along with galaxies that host quasars. Seyfert galaxies aren't as luminous and distant as quasars, making them a more convenient way to study similar phenomena in lower energy light, like infrared.

This galaxy pair is similar to the Cartwheel Galaxy, one of the first interacting galaxies that Webb observed. Arp 107 may have turned out very similar in appearance to the Cartwheel, but since the smaller elliptical galaxy likely had an off-center collision instead of a direct hit, the spiral galaxy got away with only its spiral arms being disturbed.

The collision isn't as bad as it sounds. Although there was star formation occurring before, collisions between galaxies can compress gas, improving the conditions needed for more stars to form. On the other hand, as Webb reveals, collisions also disperse a lot of gas, potentially depriving new stars of the material they need to form.

Webb has captured these galaxies in the process of merging, which will take hundreds of millions of years. As the two galaxies rebuild after the chaos of their collision, Arp 107 may lose its smile, but it will inevitably turn into something just as interesting for future astronomers to study.

Arp 107 is located 465 million light-years from Earth in the constellation Leo Minor.
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Breakthrough in fertility treatment: Prostaglandin receptors found to promote embryo implantation | ScienceDaily
A team from Kumamoto University has uncovered a new mechanism that could revolutionize infertility care by promoting embryo implantation. The discovery focuses on prostaglandin (PG) receptors in the uterus that enhance the critical process of decidualization, which is necessary for a successful pregnancy. This finding opens the door to developing new fertility treatments that target these receptors.


						
Prostaglandins are bioactive lipids known for their role in body's response to injury by causing fever and pain, but they are also crucial in reproductive processes like childbirth. Until now, the exact role prostaglandins played in embryo implantation was unclear. A research team led by Professor Yukihiko Sugimoto and Assistant Professor Tomoaki Inazumi, found that two types of prostaglandins -- PGD2 and PGE2 -- produced in the uterus during the early stages of pregnancy, activate specific receptors, DP and EP4, to promote the formation of the decidual tissue that supports embryo implantation.

The team discovered that when either the DP or EP4 receptor is stimulated, decidualization is enhanced, allowing the embryo to implant more effectively, further implying that both PGD2-DP and PGE2-EP4 receptor pathways compensate for each other's function. This groundbreaking discovery suggests that boosting these pathways with specialized drugs, called DP/EP4 agonists, could help women struggling with infertility due to implantation issues.

Professor Sugimoto, the leader of the research team at the Faculty of Life Sciences, Kumamoto University, remarked, "This approach may provide new possibilities for fertility treatments, offering hope to couples facing implantation challenges."

This novel understanding of how prostaglandin receptors aid in implantation paves the way for innovative infertility therapies, potentially transforming reproductive medicine by improving the chances of pregnancy for many individuals.
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What numbers do you see? A new bistable perceptual phenomenon on symbolic numbers | ScienceDaily
Perceptual recognition of numerical characters, like Arabic numerals, is indispensable for our daily activities in the modern society. Studying the perceptual and neural mechanisms that endow us with the ability to understand those characters is an important scientific topic. In this project, researchers explored a bistable perceptual phenomenon of a specially designed character named occluded digital numeral, to get a deeper understanding of the mechanisms underpinning the perceptual recognition of numbers.


						
The digital numeral is a special version of number fonts designed for application in electronic products like traffic countdown timers, digital calculators, and many other LED broadcasting panels. Sometimes, an accidental partial occlusion of these characters results in an intriguing perceptual phenomenon, that one digital numeral can be recognized as having multiple, usually two, semantic meanings. "Because of the simple design of digital numerals, a partial occlusion causes visual ambiguities. In other words, the visual input does not contain enough information for us to make a unique semantic interpretation of the occluded numerical character," said Dr. Junxiang Luo of the National Institute for Physiological Sciences, a researcher who led this project.

Researchers then performed a behavioral experiment on healthy human participants using visual adaptation tasks. This task paradigm examined how the exposure to specific types of visual input bias perception. Specifically, they found that after long-time presentation of normal digital numerals to the visual system, participants tended to report seeing a unique number biased away from the adaptation numeral.

"Visual adaptation selectively reduces the neural sensitivity of a certain visual processing stage to a certain category of visual stimuli, so by evaluating how much the interpretation biases away from the bistable state after adaptation to different types of visual information, we have a chance to know at which visual processing level that the perceptual recognition of numerals may happen," said Dr. Luo.

The researchers selected a series of candidate adaptation stimuli. They demonstrated that the bistability does not depend on either low-level visual information such as simple visual features, or high-level information such as semantics, and these results suggest a contribution of midlevel visual processing that encodes complex shapes and symbolic number forms.

The perceptual phenomenon discovered in this psychophysical study has the potential to be extended to physiological studies in the future, in which researchers can compare brain activity among different perceptual interpretations of the same occluded numerals. "We hope to extend this study using some physiological methods to get a deeper understanding and more precise localization of the brain areas which generate the perceptual bistability," said Dr. Luo.

The results are published in Journal of Vision on September 17th, 2024. Dr. Isao Yokoi and Professor Hiromasa Takemura of the National Institute for Physiological Sciences and Dr. Serge Dumoulin of the Spinoza Centre for Neuroimaging also contributed this research.
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Measuring how much wood a wood shuck shucks with all-new wood shuck food | ScienceDaily
Researchers want to transform the natural and abundant resource wood into useful materials, and central to that is a molecular machine found in fungi that decomposes the complex raw material into its basic components. A Kobe University researcher and his team now were the first to come up with a test feed for the fungal molecular machine that allows them to observe its close-to-natural action, opening the door to improving it and to putting it to industrial application.


						
Biochemical engineers want to transform the abundant and renewable material wood into bioplastics, medically relevant chemicals, food additives or fuel. However, the complex structure of wood has been a major hurdle for this. The Kobe University bioengineer KOH Sangho explains, "Wood is composed of different, chemically linked materials such as lignin and hemicellulose that first need to be separated to become available as source materials." In other words, the wood needs shucking. Fungi have enzymes, tiny chemical machines, capable of doing that, but to improve and adapt them for industrial use, we need to understand how they work, and researchers did not have a suitable feed, or "substrate," for the enzyme to study its function. "As a graduate student at Shinshu University, I failed to produce the typical enzymatic reaction dynamics graph we know from the textbooks using the commonly used test substrate. I even reached out to the researcher who first found the enzyme to ask what I was doing wrong, but he replied that I wasn't doing anything wrong and that my results were typical of attempts to characterize this enzyme," Koh recounts.

Motivated by this, the fledgling bioengineer and his team created a new material that retains the key structural features of the enzyme's natural substrate while still being simple enough to allow chemical modification and computational simulation. "The key to our ability to create a suitable substrate was that we had previously found another enzyme that allowed us to create very specific hemicellulose fragments that could not be produced in any other way. Only with these fragments we could chemically synthesize a suitable test substrate," says Koh about why nobody else has been able to characterize the enzyme.

The bioengineers now published their results in the journal Biochemical and Biophysical Research Communications. Being the first team able to observe the isolated enzyme's action in a near-natural setting, they were the first to ascertain its reaction speed and affinity, essential parameters for bioengineers working on any enzyme. Koh says: "When, as a result of using the substrate I designed, the textbook-like reaction dynamics emerged, I was really happy. With this we can finally characterize the enzyme's 'true' nature, and improve and apply it industrially, too."

Their computational simulations showed what made the difference between previous attempts and their approach: So far, researchers had focused only on the specific location within the substrate where it should be cleaved and thus the test substrate they used basically only consisted of the connecting structure. However, Koh's newly synthesized substrate retains a short hemicellulose tail attached to the reaction site, and it turned out that it is this tail that the enzyme binds to when performing its role.

Now that the researchers are in possession of clear performance parameters and the reaction mechanism of the enzyme, they want to search for better alternatives in different fungi, and try to chemically modify the molecule to see how that affects its performance. In addition, the researchers think that their test substrate will also play a role in studying how this enzyme works together with others to separate the different components of wood. Koh concludes, "We think this was a significant step towards the process's industrial application to the generation of useful chemicals from the abundant natural resource."

This research was funded by the Japan Society for the Promotion of Science (grants 23K13870 and 17K07874) and the Sugiyama Sangyou Kagaku Research Foundation. It was conducted at Shinshu University in a collaboration of researchers from the National Institute of Advanced Industrial Science and Technology, Kobe University and Shinshu University.
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One in five UK doctors use AI chatbots, study finds | ScienceDaily
A survey led by researchers at Uppsala University in Sweden reveals that a significant proportion of UK general practitioners (GPs) are integrating generative AI tools, such as ChatGPT, into their clinical workflows. The results highlight the rapidly growing role of artificial intelligence in healthcare -- a development that has the potential to revolutionise patient care but also raises significant ethical and safety concerns.


						
"While there is much talk about the hype of AI, our study suggests that the use of AI in healthcare is not just on the horizon -- it's happening now. Doctors are deriving value from these tools. The medical community must act swiftly to address the ethical and practical challenges for patients that generative AI brings," says lead researcher Dr Charlotte Blease, Associate Professor at Uppsala University.

The study reveals that 20 per cent of GPs reported using generative AI tools in their practice, with ChatGPT being the most frequently used AI tool. Conducted with collaborators at Harvard Medical School, Boston, USA and the University of Basel, Switzerland, this is the most comprehensive examination of generative AI in clinical practice since the launch of ChatGPT in November 2022.

The study was conducted in February 2024 as part of a monthly omnibus survey and was designed to include GPs from across different regions of the UK. Researchers surveyed 1,006 GPs registered with Doctors.net.uk, the largest professional network for UK doctors.

The aim of the study was to measure the adoption of AI-powered chatbots by GPs across the UK and to understand how these tools are being used in clinical settings. With the advent of large language models (LLMs), there has been substantial interest in their potential to support medical professionals in tasks ranging from documentation to differential diagnosis.

Apart from revealing that 20 per cent of GPs used AI tools in their practice, the study also shows that among users, 29 per cent utilised these tools for generating documentation after patient appointments, while 28 per cent employed them to assist with differential diagnosis.

These findings suggest that AI chatbots are becoming valuable assets in medical practice, particularly in reducing administrative burdens and supporting clinical decision-making. However, the use of these tools is not without risks. The potential for AI to introduce errors ("hallucinations"), exacerbate biases, and compromise patient privacy is significant. As these tools continue to evolve, there is an urgent need for the healthcare industry to establish robust guidelines and training programmes to ensure their safe and effective use.

"This study underscores the growing reliance on AI tools by UK GPs, despite the lack of formal training and guidance and the potential risks involved. As the healthcare sector and regulatory authorities continue to grapple with these challenges, the need to train doctors to be 21st century physicians is more pressing than ever," Blease concludes.
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Silencing in action: How cells 'repress' genomic remnants of ancient viruses | ScienceDaily
For any organism to survive and thrive, its cells must strictly control which genes are active when and where. New research from EMBL Heidelberg's Noh Group and their collaborators from EMBL Australia sheds light on some of the key control sites that regulate this process, especially with respect to the activity of ancient viral sequences in the genome.


						
Our genomes are huge -- a typical human cell contains DNA with over 6 billion units of information (measured in 'base pairs'). However, this treasure trove of information poses a challenge when it comes to looking up the right information at the right time to perform a specific function. This is where epigenetic signatures come into play.

If you imagine the genome as a book, epigenetic marks are the highlights on its pages and the notes in its margins. Now, it is not always easy to know whether these marks are 'instructive' -- i.e. do they tell the cell "Here, read this" or "Don't read this"? Or are they simply marks left behind by a previous reader, indicating that that portion of the book was visited before?

It was this question that interested Kyung-Min Noh, Group Leader at EMBL Heidelberg, and her team. The researchers decided to focus on a molecule called H3.3, which belongs to a class of proteins called histones. Histones tightly bind to DNA in cells and help form its functional structure.

The H3.3 protein has a couple of spots on its tail (called K9 and K27) which are frequently chemically modified. It is hypothesised that these modifications are epigenetic marks that help the cell make decisions regarding gene expression. However, until now, it had never been experimentally proven that these are true control sites that instruct gene expression.

The researchers decided to experimentally mutate these sites, thus creating a version of H3.3 which could not be chemically modified at these spots. Considering our book analogy above, this created a protected page which could not be highlighted or marked, allowing the scientists to directly explore what the consequences of losing such marks would be.

Moreover, this system allowed the researchers to vary which page was protected, allowing them to draw comparisons between the loss of modifications at one or the other control site.




The scientists found that the mutation of these sites in mouse stem cells not only resulted in defects in cell differentiation, growth, and survival, it also caused spurious activation of genes across the genome. This included genes that should not be expressed in stem cells, such as immune system-specific genes.

This suggested that a normal function of these sites is to maintain those genes in an inactivated -- or 'repressed' -- state, allowing stem cells to remain stem cells. These effects were also different for the two control sites studied, showing that each of them plays a distinct role in gene regulation.

Upon further analysis, the researchers found that some of these regions, which are typically repressed but were activated upon mutating the histone sites, are ancient remnants of viruses that have integrated into our genomes.

"These regions are also called endogenous retroviruses (ERVs)," explained Matteo Trovato, former PhD student in the Noh group and the first author of the study, currently a postdoc at IFOM, Italy. "Throughout evolution, they have been co-opted by the host's genome to exert regulatory functions. In immune cells, for example, 30% of the enhancers (a specific type of regulatory DNA element) are derived from ERVs."

The researchers found that by modifying the K9 site in stem cells, many such 'cryptic' enhancers -- regulatory DNA regions that are normally silenced -- became active.

"Repression of these unique genomic regions is crucial for preserving the cell's gene expression program balance," said Noh. "Activation of the cryptic enhancers triggers a widespread rewiring of the gene regulatory network, ultimately impacting stem cell identity and functionality."

The study was carried out in collaboration with Chen Davidovich's group in EMBL Australia, Benjamin Garcia's lab at Washington University, St. Louis, and Judith Zaugg's team at EMBL Heidelberg. The results were recently published in the journal Nature Communications. 

"This is one of the first few studies conducted in a mammalian system showing that these histone residues play a causal role in gene regulation," said Noh. "Understanding this process could have broader implications for developmental biology and disease research, particularly in cancer and neurological disorders, where gene regulation plays an essential role."
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Constriction junction, do you function? | ScienceDaily
Scientists from the U.S. Department of Energy's (DOE) Brookhaven National Laboratory have shown that a type of qubit whose architecture is more amenable to mass production can perform comparably to qubits currently dominating the field. With a series of mathematical analyses, the scientists have provided a roadmap for simpler qubit fabrication that enables robust and reliable manufacturing of these quantum computer building blocks.


						
This research was conducted as part of the Co-design Center for Quantum Advantage (C2QA), a DOE National Quantum Information Science Research Center led by Brookhaven Lab, and it builds upon years of scientific collaboration focused on improving qubit performance for scalable quantum computers. Recently, scientists have been working to increase the amount of time qubits retain quantum information, a property known as coherence that is closely linked to the quality of a qubit's junction.

They have been particularly focused on superconducting qubits whose architecture includes two superconducting layers separated by an insulator. This part of the qubit is known as an SIS junction, for superconductor-insulator-superconductor. But reliable manufacturing of such sandwich-like junctions is not easy, especially at the precision needed for the large-scale production of quantum computers.

"Making SIS junctions is truly an art," said Charles Black, co-author of the paper that recently published in the Physical Review A and director of the Center for Functional Nanomaterials (CFN), a DOE Office of Science user facility at Brookhaven Lab.

Black and Mingzhao Liu, senior scientist at CFN and lead author on the paper, have been part of C2QA since its inception in 2020. And while they've been helping quantum scientists understand the materials science of qubits to improve their coherence, they've also grown curious about the scalability of this qubit-building art and its compatibility with the inevitable need for manufacturing large-scale quantum computers.

So, the scientists turned their attention to qubit architectures with superconducting junctions comprised of two layers connected by a thin superconducting wire, instead of a middle insulating layer. Known as a constriction junction, this architecture lays flat rather than stacking like a sandwich. And importantly, the process for fabricating constriction junctions is compatible with standard methods in semiconductor manufacturing facilities.

"In our work, we investigated the impact of this architectural change," said Black. "Our goal was to understand the performance tradeoffs of making the switch to constriction junctions."

Overcoming the increased current flow and linearity




The most prevalent superconducting qubit architecture works best when the junction connecting the two superconductors transmits only a little bit of current. Though the insulator in the SIS sandwich prevents nearly all current transmission, it is thin enough to allow a small amount via a mechanism known as quantum tunneling.

"The SIS architecture is ideal for today's superconducting qubits, even though it's tricky to manufacture," said Black. "But it's a little counterintuitive to replace the SIS with a constriction, which intrinsically conducts a lot of current."

Through their analysis, the researchers showed that it is possible to reduce the current traveling across a constriction junction to an appropriate level for a superconducting qubit. However, the method requires less traditional superconducting metals.

"The constriction wire would have to be impractically thin if we used aluminum, tantalum, or niobium," explained Liu. "Other superconductors that do not conduct as well would let us fabricate the constriction junction at practical dimensions."

However, constriction junctions behave differently from their SIS counterparts. So, the scientists also investigated the consequences of making this architectural change.

To work, superconducting qubits require some nonlinearity, which limits the qubit to operate between only two energy levels. Superconductors don't naturally exhibit nonlinear behavior -- it's the qubit junction that introduces this key property.




Superconducting constriction junctions are inherently more linear than tried-and-true SIS junctions, meaning they are less ideal for qubit architectures. However, the scientists found that the constriction junction nonlinearity can be tuned through the selection of a superconducting material and the appropriate design of the junction's size and shape.

"We're excited about this work because it points materials scientists towards specific targets based on the device requirements," explained Liu. For example, the scientists identified that for qubits operating between 5 and 10 gigahertz, which is typical for today's electronics, there need to be specific tradeoffs between the material's ability to carry electricity, determined by its resistance, and the junction's nonlinearity.

"Certain combinations of material properties just aren't workable for qubits operating at 5 gigahertz," said Black. But with materials that meet the criteria outlined by the Brookhaven scientists, qubits with constriction junctions can operate similarly to qubits with SIS junctions.

Liu and Black are currently working with their C2QA colleagues to explore materials that can meet the specifications outlined in their new paper. Superconducting transition metal silicides, in particular, have captured their attention because these materials are already used in semiconductor manufacturing.

"In this work, we showed that it is possible to mitigate the concerning characteristics of constriction junctions," said Liu. "So, now we can begin exploiting the benefit of the simpler qubit fabrication process."

This work embodies C2QA's foundational co-design principle, as Liu and Black explored a qubit architecture that could satisfy the demands of quantum computing and align with current electronics manufacturing capabilities.

"These types of interdisciplinary collaborations will continue bringing us closer to realizing scalable quantum computers," said Black. "It's almost hard to believe that humans have attained the quantum computers we have today. We're so excited to play a role in helping C2QA achieve its goals."
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Early dingoes are related to dogs from New Guinea and East Asia | ScienceDaily
New archaeological research by the University of Sydney has discovered for the first time clear links between fossils of the iconic Australian dingo, and dogs from East Asia and New Guinea.


						
The remarkable findings suggest that the dingo came from East Asia via Melanesia, and challenges previous claims that it derived from pariah dogs of India or Thailand.

Previous studies used traditional morphometric analysis -- which looks at the size and shape of the animal using callipers -- to trace the dingo's ancestry to South Asia.

However, the new study, published in Nature Scientific Reports, uses sophisticated 3D scanning and geometric morphometrics on ancient dingo specimens to show clearly that they are most similar to Japanese dogs, as well as the 'singing dogs' of New Guinea and the highland wild dog of Irian Jaya.

Dr Loukas Koungoulos, a research associate in the Discipline of Archaeology at the University of Sydney, said: "The origins of this controversial Australian native animal have been heavily debated for more than a century. Our research has found the elusive first links between fossil material that suggest dingoes have evolved locally from an East Asian dog-like ancestor."

Dr Koungoulos added: "The archaeological sites at Lake Mungo and Lake Milkengay hold some of the oldest evidence of dingoes in the whole of Australia. It is incredible to see how these remarkable animals have evolved over thousands of years and gives us a greater understanding of this uniquely Australian species."

The study team -- which included Associate Professor Melanie Fillios from the University of New England and Dr Ardern Hulme-Beaman from the University of Liverpool -- looked at the remains of ancient dingoes found at Lake Mungo and Lake Milkengay in western NSW.

Associate Professor Melanie Fillios said: "Our research underscores the antiquity of dingoes, pointing to a common ancestor between dingoes and the more recent canines in Southeast Asia."

In collaboration with the Willandra Lakes Region World Heritage Area Traditional Owners, the team used radiocarbon dating to discover that some remains were over 3,000 years old.

The team also found that modern-day dingoes have evolved to become larger and leaner, standing at an average of 54cm tall compared to between 40-47cm for their ancient ancestors -- a size much closer to their contemporary relatives in Southeast Asia and Melanesia.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240918124929.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Creating full-taste, reduced alcohol wine and spirits: New trial opens realm of possibilities | ScienceDaily
A world-first study has successfully used Porous Liquids to achieve liquid-liquid separation for the first time, creating exciting potential for advancing both environmental sustainability and public health.


						
The research conducted by scientists at the University of Birmingham and Queen's University Belfast discovered that Porous Liquids (PLs), meaning liquids with permanent cavities, can separate harmful or unwanted alcohols from existing aqueous mixtures.

The concept was trialled to address the major challenge within the aeronautical industry involving the commonly used, yet environmentally harmful, de-icer monoethylene glycol (MEG). MEG-watermixtures are used for de-icing, but this creates a harmful run-off posing significant risks, especially to aquatic species. Researchers were able to use Type 3 Porous Liquids to effectively absorb MEG while leaving the water behind, in some cases consuming 88% of the PL pore volume.

The discovery prompted further investigation into alternative ways this new method of liquid-liquid extraction could be used in other industries such as drinks manufacturing. The research team went on to use a non-toxic, pH-resistant PL to successfully reduce the alcohol content in wine and gin, potentiallywithout detracting from the drinks' flavour profiles.

Assistant Professor Deborah Crawford from the University of Birmingham says this discovery holds a lot of potential. She said, "Porous Liquids were invented by Professor Stuart James at Queens University Belfast more than 10 years ago, but this is the first time they have been used for a liquid-liquid extraction. As part of this research we visited airports where there are huge tanks of this MEG-water waste mixture just sitting around. No one knows what to do with it because it's too harmful to simply drain into the environment, so it's just stored. Our testing showed that these Porous Liquids can now make it possible to extract the MEG from the water.

"A similar process allowed us to reduce the level of alcohol in gin and wine creating low alcohol options whilst potentially retaining all the flavour; something which most low/no alcohol brands currently struggle with. This innovation could be a game changer for the drinks manufacturing industry as it aligns with the growing consumer demand for low-alcohol beverages that look, smell and taste like favourite drinks but minimises the less desirable after-effects. We're incredibly excited to take this concept to the next level and ultimately see it implemented."
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New Alzheimer's studies reveal disease biology, risk for progression, and the potential for a novel blood test | ScienceDaily
The failure to diagnose Alzheimer's disease, the most common form of dementia in the elderly, at an early stage of molecular pathology is considered a major reason why treatments fail in clinical trials. Previous research to molecularly diagnose Alzheimer's disease yielded "A/T/N" central biomarkers based on the measurements of proteins, b-amyloid ("A") and tau ("T"), and "N" encompassing neurodegeneration. A/T/N can be measured in brain tissue, by in vivo brain imaging techniques, and by analysis of cerebrospinal fluid and plasma.


						
Alzheimer's disease is thought to be triggered by combinations of genetic and environmental risk factors.Blood-based biomarkers such as plasma microRNAs (miRNAs) -- molecules that regulate genome-environment interactions and control the expression of genes governing brain functions which deteriorate in Alzheimer's -- could offer advantages of cost-savings, accessibility and decreased invasiveness.

Two new papers by a team of researchers at Boston University, the Indiana University School of Medicine and the Alzheimer's Disease Neuroimaging Initiative (ADNI), and the German Center for Neurodegenerative Diseases (DZNE) in Goettingen, Germany, published in Alzheimer's & Dementia: The Journal of the Alzheimer's Association demonstrate that evaluating microRNAs in blood can be used not only to diagnose mild cognitive impairment (MCI) but also, critically, to predict the conversion from MCI to dementia due to Alzheimer's disease. Moreover, the researchers uncovered microRNA candidate molecular biomarkers that associate with current Amyloid, Tau, and Neurodegeneration (A/T/N) Alzheimer's biomarkers.

"Our papers are the result of a successful collaboration that tied the technology developed by professor Andre Fischer in Germany's DZNE to reliably measure the levels of microRNA in human plasma, and the power of blood samples obtained from hundreds of ADNI participants participating in a simulated clinical trial taking place at about 60 medical centers across the US and Canada. Our discovery is important because, unlike the current A/T/N biomarkers, microRNAs may serve as blood molecular biomarkers years before Alzheimer's disease manifests clinically, thus identifying the time window for effective prevention or early intervention to stop the progression of Alzheimer's," explained one of four senior authors Ivana Delalle, MD, PhD, professor of pathology & laboratory medicine at Boston University Chobanian & Avedisian School of Medicine.

The other senior authors are Andre Fischer, PhD, DZNE speaker and professor of epigenetics of neurodegenerative diseases at University Medical Center Goettingen, Germany; Kwangsik Nho, PhD, professor of radiology and imaging sciences at the IU School of Medicine; and Andrew J. Saykin, PsyD, Raymond C. Beeler Professor of Radiology and director of the Center for Neuroimaging and the Indiana Alzheimer's Disease Research Center at the IU School of Medicine. The work was funded by the National Institutes of Health's National Institute on Aging multisite project RF1AG078299. "MicroRNAs as Diagnostic and Prognostic Biomarker of Alzheimer's Disease" that supports the teams of researchers in multiple institutions.

The researchers examined miRNA expression in the plasma samples of three diagnostic groups of participants -- cognitively normal, mildly cognitively impaired and dementia due to Alzheimer's disease patients. They found that, when combined with neuropsychological testing, plasma microRNAome evaluation helps predict which aging individuals concerned about cognitive decline will progress to develop Alzheimer's.

"These findings provide a path toward a better understanding the molecular mechanisms driving plaques, tangles and atrophy, and may provide clues for the next generation of therapeutic targets," Saykin said.




While these are exciting times with novel therapies for Alzheimer's disease entering clinical care, the researchers note that those therapies only will work in a real-world setting if patients at risk are identified as early as possible.

"MicroRNAs are ideal biomarkers since they are not only very stable but also control entire molecular pathways thereby ensuring cellular homeostasis. As such one microRNA can simultaneously control many proteins belonging to a certain pathway," Fischer said. "Therefore, the analysis of a few microRNAs can inform about complex pathological changes reflecting multiple pathways, such as neuroinflammation, metabolic changes, or synapse dysfunction. Thus, we need biomarkers that allow screening applicable in a point-of-care setting. Our studies are an important step in this direction."

"We have laid the groundwork for further investigations into the role of microRNAs in Alzheimer's disease pathogenesis," Nho said. "We envision that once specific miRNA signatures are further confirmed, the analysis of blood miRNAs will be transferred to simple assay formats enabling the adoption of blood miRNAome analysis in clinical practice."

The researchers said improved tools for the early detection of Alzheimer's are indispensable for developing prevention and treatment strategies for the disease that is causing enormous suffering and burdens health care systems around the world.
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Nanotechnology: DNA origami with cargo function | ScienceDaily
LMU chemists present two studies that open up new possibilities for biotechnological applications.


						
In the world of nanotechnology, the development of dynamic systems that respond to molecular signals is becoming increasingly important. The DNA origami technique, whereby DNA is programmed so as to produce functional nanostructures, plays a key role in these endeavors. Teams led by LMU chemist Philip Tinnefeld have now published two studies showing how DNA origami and fluorescent probes can be used to release molecular cargo in a targeted manner.

In the journal Angewandte Chemie, the researchers report on their development of a novel DNA-origami-based sensor that can detect lipid vesicles and deliver molecular cargo to them with precision. The sensor works using single-molecule Fluorescence Resonance Energy Transfer (smFRET), which involves measuring the distance between two fluorescent molecules. The system consists of a DNA origami structure, out of which a single-stranded DNA protrudes, which has been labeled with fluorescent dye at its tip. If the DNA comes into contact with vesicles, its conformation changes. This alters the fluorescent signal, because the distance between the fluorescent label and a second fluorescent molecule on the origami structure changes. This method allows vesicles to be detected.

Sensor is transferred precisely

In a second step, the system can be used as a means of transporting molecules, with the sensing strand serving as molecular cargo that can be transferred to the vesicle. Through a further modification of the system, the researchers were also able to precisely control the transfer of the cargo.

Lipid vesicles play a key role in many cellular processes, such as molecular transport and signal transmission. As such, the ability to detect and manipulate them is particularly interesting for biotechnological applications like the development of targeted therapies. The approach laid out here could show a way to load lipid nanoparticles with a precisely defined number of molecules in applications such as vaccines. "Our system also offers promising approaches for biological research when it comes to better understanding and controlling cellular processes at the molecular level," says Tinnefeld.

Controllable conformational changes

In the second study, which was recently published in the journal Nature Communications, a second team led by Tinnefeld and Yonggang Ke (Emory University, Atlanta, Georgia) presents a DNA origami structure which undergoes a stepwise allosteric conformational change when certain DNA strands bind. Using FRET probes, the researchers were able to track this process at the molecular level and show how the reaction steps can be temporally controlled. In addition, they demonstrate how a DNA cargo can be released in a targeted manner during this process, opening up new opportunities for controlled reaction cascades.
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Scientists find new epigenetic switch | ScienceDaily
Researchers have discovered that a DNA modification called 5-formylcytosine (5fC) functions as an activating epigenetic switch that kick-starts genes in early embryonic development. This finding demonstrates for the first time that vertebrates have more than one type of epigenetic DNA mark and sheds new light on how genes are regulated in the earliest stages of development.


						
The findings were published in the journal Cell.

5fC is only the second proven epigenetic DNA modification besides methylcytosine

Our bodies are composed of trillions of cells, all working together to form a functional organism. Yet each of us started off as just a single fertilized egg cell. To become a whole human being, this single cell must multiply rapidly, forming all the correct organs in the right places. This process of development depends on thousands of genes being activated at exactly the right time and place. The activation/deactivation of genes is controlled by so-called epigenetic modifications, i.e., chemical groups attached to DNA and its associated proteins that act like traffic lights to switch genes on or off.

For decades, scientists thought that vertebrates had only one type of epigenetic modification on DNA called cytosine methylation, which is associated with gene silencing. Ten years ago, three more chemical modifications were discovered in vertebrate DNA, but as they were only present in very small amounts scientists were uncertain if they were functional epigenetic marks.

Now, Professor Christof Niehrs and his team have shown for the first time that one of these modifications, 5-formylcytosine, is involved in activating genes in early development. The discovery is significant because it proves that vertebrates have more than one type of epigenetic DNA mark and uncovers a new, previously unknown mechanism of epigenetic gene regulation. "These findings are a real breakthrough in epigenetics because 5fC is only the second proven epigenetic DNA modification besides methylcytosine," said Niehrs, Founding and Scientific Director of the IMB, which was opened on the campus of Johannes Gutenberg University Mainz (JGU) in 2011.

In their study, the scientists looked at 5fC in frog embryos. Using microscopy and chromatography, they discovered that 5fC increases dramatically at the very start of development during a key step called zygotic activation when many genes become switched on. As Eleftheria Parasyraki, the first author of the study, explained: "The observation of 5fC in microscopically visible tiny dots, or chromocenters, was exciting. Based on them, we suspected that 5fC must do something important in early embryonic development."

To prove that 5fC is an activating epigenetic mark, the scientists genetically manipulated enzymes in the embryo to increase or decrease the amount of 5fC on the DNA. Increasing 5fC resulted in increased gene expression while decreasing 5fC reduced gene expression, indicating that it was indeed the presence of 5fC on the DNA that activates genes. Finally, the scientists also observed 5fC chromocenters in mouse embryos during zygotic gene activation. This suggested that 5fC likely acts as an activating epigenetic mark in both mammals and frogs.

The revelation that 5fC is an activating epigenetic regulator on DNA raises many questions as to how exactly it acts and what its role is beyond early zygotic genome activation. In particular, cancer cells can have very high amounts of 5fC. Additional studies on 5fC will be needed to answer these questions, which may ultimately help us to better understand how we develop and how gene regulation is disrupted in disease.
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Triplet regimen yields promising response in advanced-phase chronic myeloid leukemia | ScienceDaily
According to researchers at The University of Texas MD Anderson Cancer Center, 80% of patients with previously untreated or relapsed/refractory advanced-phase chronic myeloid leukemia (CML) -- including both accelerated or myeloid blast phases of the disease -- or Philadelphia chromosome-positive acute myeloid leukemia (AML) achieved a bone marrow remission when treated with a novel combination of decitabine, venetoclax and ponatinib.


						
Findings from the Phase II clinical trial, published today in The Lancet Haematology, represent an important step forward for patients with advanced-phase CML, who tend to have poor outcomes. Limited data on a standard-of-care approach to treating the disease, highlights the need for investigations into additional therapeutics.

"Over the last decade, there have been very few studies that evaluated a regimen to treat this rare disease and identify a potential standard-of-care treatment," said principal investigator Nicholas Short, M.D., associate professor of Leukemia. "It is important that we get these patients into a state of marrow remission as this will allow them to be considered for a stem cell transplant. We were able to achieve this response in 80% of patients on this trial."

A total of 20 patients were enrolled in the trial, with 14 having myeloid blast-phase CML, four with accelerated-phase CML, and two with Philadelphia chromosome-positive AML. Overall, 50% of patients achieved a complete remission or complete remission with an incomplete hematological recovery, and an additional 30% of patients achieved a morphologic leukemia-free state. Responses were seen even in patients who had received multiple prior therapies and in those with high-risk cytogenetic or molecular features.

"For this trial, we were able to build on previous preclinical and clinical research conducted at MD Anderson, which identified synergy between the BCL-2 inhibitor, venetoclax and the BCR::ABL1 tyrosine kinase inhibitor, ponatinib," Short said. "This knowledge led us to consider this novel treatment regimen for this aggressive disease."

The researchers observed expected side effects, which were consistent with previous studies with the drugs. Common side effects included neutropenia, rash and nausea.

The trial is ongoing and enrolling additional patients. MD Anderson researchers also are conducting additional studies building on the approach of adding targeted therapies into new combinations for patients with advanced-phase CML.

The trial was funded by Takeda Oncology, the National Institutes of Health and the National Cancer Institute Cancer Center Support Grant (P30 CA016672).
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'Scuba-diving' lizards use bubble to breathe underwater and avoid predators | ScienceDaily
Presenting the world's smallest (and scrappiest) scuba diver: A species of semi-aquatic lizard produces a special bubble over its nostrils to breathe underwater and avoid predators, according to new research from Binghamton University, State University of New York.


						
Lindsey Swerk, an assistant research professor of biological sciences at Binghamton University, studies water anoles, a type of semi-aquatic lizard found in the tropical forests of southern Costa Rica. She had previously documented the lizards using a bubble underwater. When these lizards feel threatened by a predator, they dive underwater and breathe a bubble over their heads.

"We know that they can stay underwater for a really long time. We also know that they're pulling oxygen from this bubble of air," said Swierk. "We didn't know whether there was actually any functional role for this bubble in respiration. Is it something that lizards do that is just a side effect of their skin's properties or a respiratory reflex, or is this bubble actually allowing them to stay underwater longer than they would, say, without a bubble?"

To investigate whether the bubble serves a functional role in respiration or is merely a byproduct, Swierk applied a substance to the lizards' skin surface that would prevent bubble formation.

"Lizard skin is hydrophobic. Typically, that allows air to stick very tightly to the skin and permits this bubble to form. But when you cover the skin with an emollient, air no longer sticks to the skin surface, so the bubbles can't form," said Swierk.

Swierk recorded the number of bubbles that the lizards could produce and how long they could stay underwater, and compared them to lizards in a control group that were allowed to breathe normally. She found that the lizards in the control group could stay underwater 32% longer than those with impaired bubble formation.

"This is really significant because this is the first experiment that truly shows adaptive significance of bubbles. Rebreathing bubbles allow lizards to stay underwater longer. Before, we suspected it -- we saw a pattern -- but we didn't actually test if it served a functional role," said Swierk.




The study confirmed that the bubble helps lizards stay underwater for longer periods, providing them with a refuge from predators.

"Anoles are kind of like the chicken nuggets of the forest. Birds eat them, snakes eat them," said Swiek. "So by jumping in the water, they can escape a lot of their predators, and they remain very still underwater. They're pretty well camouflaged underwater as well, and they just stay underwater until that danger passes. We know that they can stay underwater at least about 20 minutes, but probably longer."

Going forward, Swierk wants to figure out whether lizards are using the bubble as something called a physical gill. A physical gill occurs in insects that use bubbles to breathe underwater. Insects have smaller oxygen requirements, and the amount of oxygen that diffuses from the water into the air of the bubble is enough to sustain them. Water anoles are likely too big to be supported merely by the oxygen that's diffusing into a bubble. One of Swierk's graduate students, Alexandra Martin, is testing whether a physical gill-type action is allowing lizards to spend even more time underwater by changing the oxygenation of the water and measuring its effects on lizards' dive time.

Swierk said that the research is exciting because scientists don't know much about vertebrate bubble use, which can open the door to bioinspired materials It's also just interesting to learn about a new animal behavior.

"I've had people talk to me about how much they love scuba diving and freediving, and how they're interested in how animals might do the same thing," said Swierk. "So there's a great opportunity to get people excited about science by having this relationship between what they love to do and what's evolved in nature. Even in animals that seem commonplace -- you're always finding new things."
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Highly-sensitive beaks could help albatrosses and penguins find their food | ScienceDaily
Researchers have discovered that seabirds, including penguins and albatrosses, have highly-sensitive regions in their beaks that could be used to help them find food. This is the first time this ability has been identified in seabirds.


						
An international team of researchers, led by the University of Cambridge, studied over 350 species of modern birds and found that seabirds have a high density of sensory receptors and nerves at the tip of their beaks, which has been previously identified in specialised tactile foragers such as ducks.

The researchers say this touch-sensitive region could have come from a common ancestor, and further work is needed to determine whether it serves a specific function in modern birds. Further study of their beaks and food-gathering behaviour could help conserve some of these birds, many of which are at threat of extinction. The results are reported in the journal Biology Letters.

In the same way as humans and other primates use their hands, birds use their beaks to interact with the world around them. Some birds have specialised touch-sensitive areas at the tips of their beaks to help them find food, but since this ability has not been widely studied, it's not known how the phenomenon evolved or how widespread it is.

"Many scientists had assumed most birds had touch-sensitive beaks, but we hadn't investigated it enough to know whether it's a common ability, or whether it's limited to particular families of birds," said lead author Dr Carla du Toit from Cambridge's Department of Earth Sciences.

One group that hasn't been well studied is the large group of seabirds called Austrodyptornithes, which includes albatrosses, petrels, and penguins. Since many of the bird species in this group are critically endangered, understanding how they find their food using their beaks could be a valuable tool to aid in their conservation.

Du Toit and her colleagues from the UK and South Africa conducted a study of 361 modern bird species, based on fossil and skeletal records, as well as birds that had been accidentally killed by fishing lines and nets. The team focused on the beaks of these birds, how they are constructed and connected to their nerves and blood vessels.




The researchers found that albatrosses and penguins have organs with high density sensory receptors and high concentrations of nerves in their beaks, which is more common in specialised foragers such as ducks. This is the first time that this functionality has been observed in seabirds.

"Seabirds aren't known to be tactile foragers, so it's surprising to find that they have this organ," said du Toit. "It's really exciting when you get to be the first to see something."

These touch-sensitive beaks might help seabirds find food at night or underwater, as they might enable the birds to detect tiny vibrations from potential prey. Some birds that are already known to have touch-sensitive beaks use them to detect tiny underground vibrations from worms, for example.

However, these sensitive areas could also be a 'leftover' trait from a common ancestor that doesn't have a specific function in modern birds, like the beaks of ostriches and emus. Further studies in live birds will be needed to establish the exact purpose of these touch-sensitive areas, which may also help determine how the ability evolved.

"In humans and other primates, our sensitive hands and fingers allowed us to master a huge range of environments," said du Toit. "Beaks are analogous to hands in a way, but this is the first time we've seen touch-sensitive beaks in seabirds. It's remarkable that no one has ever really studied this in detail, considering that we all learn about evolution from the beaks of Darwin's finches in school."

The researchers say their findings could potentially play a role in conserving some of these birds. Of the 22 known species of albatross, 15 are threatened with extinction and two are listed as critically endangered. One of the big threats to albatrosses is commercial longline fishing, which kills an estimated 100,000 of the birds per year, when they get tangled in the lines and drown. According to du Toit, if scientists can better understand how these birds get their food, it could be used to help protect them.

"Much further work is needed, but if albatrosses and other seabirds are able to detect vibrations from potential prey via their beaks, it could be possible to attach some sort of device to longlines that could repel them, so they are less likely to get caught," said du Toit. "Of course, the bigger threats to birds like albatrosses are climate change, rising ocean temperatures, plastic pollution and falling fish stocks, but if there's a way to reduce the risks to seabirds in even a small way, then that's incredibly valuable. These are such special birds and I've been interested in them for as long as I can remember."

The research was supported in part by the Royal Society, the Newton International Fellowship, and UK Research and Innovation (UKRI).
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Slow-moving landslides a growing, but ignored, threat to mountain communities | ScienceDaily
As urban centers in mountainous regions grow, more people are driven to build on steeper slopes prone to slow-moving landslides, a new study finds. Slow-moving landslides are frequently excluded from estimates of landslide risk, but they could threaten hundreds of thousands of people globally, the researchers conclude.


						
Slow-moving landslides can move as little as one millimeter per year and up to three meters per year. Slopes with slow-moving landslides may seem safe to settle on; the slide itself may be inconspicuous or undetected altogether.

As the slide creeps along, houses and other infrastructure can be damaged. The slow slide can accelerate abruptly, likely in response to changes in precipitation. Sudden acceleration can worsen damage and, in rare cases, lead to fatalities.

Those same slopes may be repopulated years later due to pressure from urban growth, especially when floods drive people from lower-elevation areas. Nearly 1.3 billion people live in mountainous regions, according to the IPCC, and that number is growing.

"As people migrate uphill and establish settlements on unstable slopes, a rapidly rising population is facing an unknown degree of exposure to slow landslides -- having the ground move underneath their houses," said Joaquin Vicente Ferrer, a natural hazards researcher at the University of Potsdam and lead author of the study.

The study presents the first global assessment of exposure to slow-moving landslides, which are left out of most assessments of populations exposed to landslide risk. It was published in Earth's Future, which publishes interdisciplinary research on the past, present and future of our planet and its inhabitants.

Finding slow-moving landslides

Through landslide mapping and inventory efforts, the authors compiled a new database of 7,764 large slow-moving landslides with areas of at least 0.1 square kilometers (about 25 acres) located in regions classified as "mountain risk" by the Intergovernmental Panel on Climate Change. Using this database, they explored regional and global drivers of exposure using statistical models.




Of the landslides documented, 563 -- about 7% -- are inhabited by hundreds of thousands of people. The densest settlements on slow-moving landslides were in northwestern South America and southeastern Africa. Central Asia, northeast Africa, and the Tibetan Plateau had the largest settlements exposed to slow-moving landslides. West-central Asia, and the Alai Range of Kyrgyzstan in particular, also had a high number of inhabited slow-moving landslides.

The study only looked at permanent settlements, so nomadic and refugee settlements were not included.

In all regions in the study, urban center expansion was associated with an increase in exposure to slow-moving landslides. As a city's footprint expands, new growth may be forced to occur in unsafe areas, including slopes with known slow-moving landslides. But poorer populations may have few other options, the authors point out.

Flooding and future climates

Ties between climatic drivers and slow-moving landslide activation remain uncertain, but in general, scientists think intense precipitation and swings from dry to wet conditions can trigger an acceleration in slow-moving landslides. Those factors can also increase flooding, which in turn may drive people to move to higher ground.

The study found that populations facing increased flooding tended to have more settlements on slow-moving landslides. The strength of that relationship varied regionally; western North America and southeast Africa had the strongest associations.




The study also highlighted a lack of information in poor regions with known landslide risks, such as in the Hindu-Kush Himalayas, and called for more landslide detection and mapping to improve understanding of risks in those areas.

"We highlight a need to ramp-up mapping and monitoring efforts for slow-moving landslides in the East African Rift, Hindu-Kush-Himalayas, and South American Andes to better understand what drives exposure," Ferrer said. "Despite a limited number of landslide inventories from Africa and South America, we found communities in cities are densely inhabiting slow-moving landslides there."

Even in areas with good landslide mapping, such as northern North America (i.e., Canada and Alaska) and New Zealand, settlements are located on slow-moving landslides. While these weren't included in the study, they remain important to consider, the authors said.

"Our study offers findings from a new global database of large slow-moving landslides to provide the first global estimation of slow-moving landslide exposure," Ferrer said. "With our methods, we quantify the underlying uncertainties amid disparate levels of monitoring and accessible landslide knowledge."
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Mapping out matter's building blocks in 3D | ScienceDaily
Deep inside what we perceive as solid matter, the landscape is anything but stationary. The interior of the building blocks of the atom's nucleus -- particles called hadrons that a high school student would recognize as protons and neutrons -- are made up of a seething mixture of interacting quarks and gluons, known collectively as partons.


						
A group of physicists has now come together to map out these partons and disentangle how they interact to form hadrons. Based at the U.S. Department of Energy's Thomas Jefferson National Accelerator Facility and known as the HadStruc Collaboration, these nuclear physicists have been working on a mathematical description of the interactions of partons. Their latest findings were recently published in the Journal of High Energy Physics.

"The HadStruc Collaboration is a group based out of the Jefferson Lab Theory Center and some of the nearby universities," said HadStruc member Joseph Karpie, a postdoctoral researcher in Jefferson Lab's Center for Theoretical and Computational Physics. "We have some people at William & Mary and Old Dominion University."

Other collaboration members who are co-authors on the paper are Jefferson Lab scientists Robert Edwards, Colin Egerer, Eloy Romero and David Richards. The William & Mary Department of Physics is represented by Herve Dutrieux, Christopher Monahan and Kostas Orginos, who also has a joint position at Jefferson Lab. Anatoly Radyushkin is also a Jefferson Lab joint faculty member affiliated with Old Dominion University, while Savvas Zafeiropoulos is at Universite de Toulon in France.

A Strong Theory

The components of hadrons, called partons, are bound together by the strong interaction, one of the four fundamental forces of nature, along with gravity, electromagnetism and the weak force, which is observed in particle decay.

Karpie explained that the members of the HadStruc Collaboration, like many theoretical physicists worldwide, are trying to determine where and how the quarks and gluons are distributed within the proton. The group uses a mathematical approach known as lattice quantum chromodynamics (QCD) to calculate how the proton is constructed.




Dutrieux, a post-doctoral researcher at William & Mary, explained that the group's paper outlines a three-dimensional approach to understanding the hadronic structure through the QCD lens. This approach was then carried out via supercomputer calculations.

The 3D concept is based on the notion of generalized parton distributions (GPDs). GPDs offer theoretical advantages over the structures as visualized through one-dimensional parton distribution functions (PDFs), an older QCD approach.

"Well, the GPD is much better in the sense that it allows you to elucidate one of the big questions we have about the proton, which is how its spin arises," Dutrieux said. "The one-dimensional PDF gives you a very, very limited picture about that."

He explained that the proton consists in a first approximation of two up quarks and one down quark -- known as valence quarks. The valence quarks are mediated by a variable roster of gluons spawned from strong force interactions, which act to glue the quarks together. These gluons, as well as pairs of quarks-antiquarks -- usually denoted as the sea of quarks-antiquarks when distinguishing them from the valence quarks -- are continually being created and dissolving back into the strong force.

One of the stunning realizations on the proton's spin came in 1987, when experimental measurements demonstrated that the spin of quarks contributes to less than half of the overall spin of the proton. In fact, a lot of the proton's spin could arise from the gluon spin and the motion of partons in the form of orbital angular momentum. A lot of experimental and computational effort is still necessary to clarify this situation.

"GPDs represent a promising opportunity to access this orbital angular part and produce a firmly grounded explanation of how the proton's spin is distributed among quarks and gluons," Dutrieux noted.




He went on to say that another aspect that the collaboration hopes to address through GPDs is a concept known as the energy momentum tensor.

"The energy momentum tensor really tells you how energy and momentum are distributed inside your proton," Dutrieux said. "They tell you how your proton interacts with gravity as well. But right now, we're just studying its distribution of matter."

Simulating the Data

As mentioned, accessing this information requires some sophisticated calculations on supercomputers. After developing their new approach, the theorists then conducted 65,000 simulations of the theory and its assumptions to test it out.

This tremendous number of calculations was performed on Frontera at the Texas Advanced Computer Center and the Frontier supercomputer at Oak Ridge Leadership Computing Facility, a DOE Office of Science user facility at Oak Ridge National Laboratory. This number included 186 simulations of protons moving with different momenta carried out in the background of 350 randomly generated collections of gluons. This calculation required the processors at these facilities to collectively run for millions of hours. Final analysis of these results is completed on the smaller supercomputers at Jefferson Lab.

The upshot of this work was a robust test of the 3D approach developed by the theorists. This test is an important milestone result for DOE's Quark-Gluon Tomography (QGT) Topical Collaboration.

"This was our proof of principle. We wanted to know if the results from these simulations would look reasonable based on what we already know about these particles," said Karpie. "Our next step is to improve the approximations we used in these calculations. That's computationally 100 times more expensive in terms of computing time," Karpie said.

New Data on the Horizon

Karpie pointed out that the HadStruc Collaboration's GPD theory is already being examined in experiments at high-energy facilities worldwide. Two processes for examining hadron structure through GPDs, deeply virtual Compton scattering (DVCS) and deeply virtual meson production (DVMP), are being conducted at Jefferson Lab and other facilities.

Karpie and Dutrieux expect the group's work to be on the slate of experiments at the Electron-Ion Collider (EIC), a particle accelerator being built at DOE's Brookhaven National Laboratory on Long Island. Jefferson Lab has partnered with Brookhaven National Laboratory on the project.

It's expected that the EIC will be powerful enough to probe hadrons beyond the point at which today's instruments start to lose signal, but the exploration of the structure of how hadrons are assembled won't be waiting for the EIC to come online.

"We have some new experiments at Jefferson Lab. They're collecting data now and giving us information for comparing to our calculations," Karpie said. "And then we hope to be able to build up and get even better information at the EIC. It is all part of this progress chain."

The HadStruc Collaboration members are looking toward additional experimental applications of their QCD theory work at Jefferson Lab and other facilities. An example of this is using supercomputers to calculate more precise results of data that have been in hand for decades.

Karpie added that he hopes to get a couple of steps ahead of the experimenters.

"QCD has always lagged behind experiments. We were usually post-dicting instead of pre-dicting what things are happening," Karpie said. "So, now if we can actually get ahead -- if we can do something that the experimenters can't do yet -- that would be pretty cool."

A portion of this work was supported by Jefferson Lab's Lab Directed Research & Development program. The LDRD program devotes a small portion of the lab's research effort to supporting initiatives that are at the forefront of science and technology relevant to the DOE mission.
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An OLED for compact, lightweight night vision | ScienceDaily
A new type of OLED (organic light emitting diode) could replace bulky night vision goggles with lightweight glasses, making them cheaper and more practical for prolonged use, according to University of Michigan researchers. 


						
A memory effect in the OLEDs could also lead to computer vision systems that both sense and interpret incoming light signals and images.

Current night vision systems rely on image intensifiers that convert incoming near-infrared light into electrons, which then accelerate through a vacuum into a thin disc containing hundreds of tiny channels. As they pass through and collide with the channel walls, the electrons release thousands of additional electrons and go on to strike a phosphor screen, which converts them into visible light. The incoming light is amplified by 10,000 times in this process, allowing the wearer to see at night.

The newly developed OLED device also converts near infrared light into visible light and amplifies it more than 100 times, but without the weight, high voltage and cumbersome vacuum layer required for traditional image intensifiers. The researchers say much higher amplification is possible by optimizing the design of the device.

"One of the most attractive features of this new approach is that it amplifies light within a thin film stack that is less than a micron thick. That's much thinner than a strand of hair, which is about 50 microns thick," said Chris Giebink, U-M professor of electrical and computer engineering and physics and corresponding author of the study recently published in Nature Photonics.

Because the device operates at much lower voltage than a traditional image intensifier, it opens the door to significantly reducing power consumption and thereby extending battery life.

The device works by integrating a photon-absorbing layer, which converts infrared light into electrons, and a five-layer stack of OLEDs, where those electrons are converted into visible light photons. Ideally, five photons are produced for each electron that passes through the OLED stack.




Some of these photons are emitted out to the user's eye, but others are reabsorbed back in the photon-absorbing layer, producing still more electrons that move through the OLED in a positive feedback cycle. This chain reaction greatly amplifies the amount of output light that results for a given amount of input light.

Previous OLEDs were able to convert near infrared light to visible light, but there was no gain, meaning one input photon yielded one output photon.

"This marks the first demonstration of high photon gain in a thin film device," said Raju Lampande, U-M postdoctoral research fellow in electrical and computer engineering and lead author of the study.

The device also exhibits a sort of memory behavior that could have applications in computer vision. Known as hysteresis, its light output at a given moment depends on the intensity and duration of past input illumination.

"Normally when you illuminate an upconversion OLED, it starts outputting light and when you turn off the illumination, it stops outputting light. This device can get stuck on and remember things over time, which is unusual," Giebink said.

Although the memory behavior introduces some challenges for night vision applications, it may create an opportunity for image processing that works more like the human visual system -- where biological neurons pass signals on, or not, based on the timing and strength of incoming signals. The ability to remember past inputs could make these OLEDs a good candidate for the type of neuron-like connections that enable an input image to be interpreted and classified without having to process the data in a separate computing unit.

The researchers fabricated the device using "off the shelf" materials and methods that are already widely used in OLED manufacturing, which should improve both cost effectiveness and scalability for future applications of the technology.

The work was carried out in collaboration with OLEDWorks, a company that manufactures OLED lighting products, and RTX, an aerospace and defense contractor. The technology is patent-pending by OLEDWorks and Penn State University, where the study originated before Giebink moved to U-M. This research was funded by DARPA (Award No. HR0011-22-C-0053).
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Ultra-low-dose ketamine can curb opioid withdrawal | ScienceDaily
Drug overdose is the leading cause of injury deaths in young adults in the United States, with fentanyl causing over 70,000 deaths annually.


						
Many people who use fentanyl become trapped in their addiction out of fear and a low tolerance for the withdrawal symptoms, which include muscle cramps, nausea, chills, sweats and intense cravings.

They can't stop using fentanyl, and they also have trouble starting either of the two medications, methadone and buprenorphine, that can dramatically reduce their risk of overdose death.

Research findings published Aug. 29 in Addiction Science & Clinical Practice may offer hope. A pilot study showed that a small amount of ketamine can reduce or eliminate the withdrawal symptoms associated with quitting fentanyl.

"The main takeaway is that we have found an easier way for people trapped in the grip of fentanyl addiction to get started in treatment," said Dr. Lucinda Grande, a clinical assistant professor of family medicine at the University of Washington School of Medicine. She was the study's lead author.

"Methadone can be difficult to access due to strict federal regulations, and starting buprenorphine can cause severe withdrawal symptoms before those who start it become stabilized," added study co-author Dr. Tom Hutch. He is the medical director of the opioid treatment program at We Care Daily Clinics in Auburn, Wash. "Ketamine, at an imperceptibly low dose, helps bridge that gap."

Over 14 months, Grande and colleagues in Auburn and Olympia prescribed ketamine to 37 fentanyl-addicted patients whose fear of withdrawal symptoms had deterred them from trying buprenorphine. Twenty-four patients actually tried the drug, and 16 completed the transition to buprenorphine.




Most patients reported a reduction or elimination of withdrawal symptoms after each ketamine dose, the effect of which lasted for hours. Of the last 12 who completed the transition, 92% remained in treatment for at least 30 days.

Patients placed a ketamine lozenge or syrup under the tongue. The 16 mg dose is a small fraction of that typically used for anesthesia, the main clinical role of ketamine for 50 years, according to Grande. That dosage also is less than half of the smallest ketamine dose prescribed for depression treatment, an increasingly common use of this medication.

Researchers monitored patients daily or almost daily, and refined the treatment strategy based on patient response and prescriber experience.

Grande developed the concept after she learned that emergency-medicine physician and coauthor Dr. Andrew Herring of Oakland, California, used a higher, sedating dose of ketamine successfully in his emergency department to resolve a patient's severe case of withdrawal from fentanyl addiction.

Grande is a primary-care and addiction doctor in practice near Olympia who, in the past dozen years, has used low-dose ketamine to treat more than 600 patients for chronic pain and depression.

Ketamine has gained prominence in the news since actor Matthew Perry of the sitcom "Friends" overdosed on the drug and drowned. Perry had undergone high-dose ketamine treatment for depression, news reports have suggested.

"Our study underscores the enormous potential of this medication for addressing important health problems such as depression, chronic pain and now fentanyl-use disorder," said Grande. Ketamine's positive attributes have been overshadowed by Perry's death, she said.

Grande hopes this pilot study's results will be confirmed by larger studies. "I am excited about these results," she said. "This is a wonderful opportunity to save lives."
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Fruit flies' visual navigation tactics differ by environment | ScienceDaily
The fruit flies that hover around the apples on your counter have to navigate a cluttered environment to find that food, from the built environment and vegetation around your house to the objects in your kitchen. Desert fruit flies, not so much. They fly through a mostly barren landscape dotted with a much smaller number of relatively predictable obstacles to find cactus fruit. Nonetheless, it has long been believed that other species of fruit fly navigate and maintain balance the same way as urban fruit flies, regardless of habitat.


						
A new study contradicts that belief with the discovery that species of flies living in the two distinct visual habitats have significantly different navigation tactics. The researchers made the discovery by putting fruit flies in a contraption that let them interact with virtual objects in a manner similar to the holodeck on the TV show "Star Trek: The Next Generation."

Flying fruit flies have two jobs: to head toward interesting things, but also stay steady during flight. As in humans, vision helps them move straight and stay stable while orienting toward enticing objects. These two tasks are not complementary. Looking at interesting things interrupts the vision needed to stay stable. But the brain manages to process visual signals in such a way that the flies can accomplish both tasks.

"Visual stability is important -- try to stand on one foot with your eyes closed," said Mark Frye, the corresponding author of a paper published in Current Biology and a professor of integrative biology and physiology at UCLA. "If you want to look at interesting things, you have to briefly override the part of your vision that directs balance, and you risk falling over."

Urban fruit flies, Drosophila melanogaster, live in a rich visual environment and can stabilize the background surrounding the objects around which they need to orient themselves. But in the desert, what few objects Mojave fruit flies, Drosophila mojavensis, encounter are likely to be the ones they are interested in, such as cactuses, but they also compose the scenery they need to use to stay stable.

To test how different environments affected the balance between navigation and stability in both species, the researchers devised a system that let the flies interact with virtual objects while tracking their body and eye movements with a camera. They glued a tiny steel pin to the fly's back and connected it to a magnet suspended from the top of a round, drum-like device. Another magnet at the bottom of the drum created a magnetic field that held the pin exactly in position, while allowing the fly to rotate on the horizontal plane within the drum.

The walls of the drum were completely covered with LED lights and a computer created different moving shapes in various sizes and orientations using the lights. The fly could choose how to interact with these virtual objects. One of the objects was a vertical bar that looked like a natural feature, such as a tree trunk. This was designed to test how the fly would use the bar and background to navigate.




"We know exactly where she's looking at because we're tracking her body and head with a video camera. We also control exactly what the LED visual display is doing so we can recreate the fly's eye view of the experiment," Frye said.

The desert flies ignored the background and steered to smoothly follow the bar, centering it on their visual midline, while the urban flies did not. Desert and urban flies alike made rapid eye movements, called saccades, to follow objects that moved along a continuous path. Desert flies, however, relied more heavily on smooth fixation of the vertical bar, followed up by a flurry of saccades to catch up with fast-moving bars.

This pattern is similar to how our own eyes track moving objects.

"When our eyes track a fast-moving object, like a cow passing us by from a boring train ride, we tend to see smooth continuous eye movements, but only if the object is moving slowly relative to us. As we speed by faster, our eyes switch to rapid saccades to keep up," said Martha Rimniceanu, a doctoral candidate at UCLA and the lead author of the study. "We were excited to find different use of smooth eye movements and saccades in closely related fly species. We believe this is an adaptation for the structure of their native visual environment."

The desert flies responded to the bar moving across a stationary background by employing a 'fixate and saccade' strategy to track the bar smoothly. Urban flies smoothly fixated on the background, not the bar, and oriented toward the bar with saccades that overrode smooth stability.

"Basically, the desert flies fixate on the bar for balance and stability while also orienting toward it as an interesting object. The urban flies smoothly fixated on the background for balance, then used rapid saccades exclusively to navigate toward the bar," Frye said.

The research showed that regardless of whether two species are closely related or not, their visual environment determined their visual navigation tactics.

Fruit flies are often used in experiments probing visual perception and processing. The finding that not all species of fruit fly navigate their environment the same way expands the possibilities for what scientists can learn. Desert fruit fly visual navigation more closely resembles that of humans than the urban fruit fly does, for example, and they could be used as a model for learning more about vision in humans. The information can also be used to aid development of autonomous vehicles.

"We can tailor research to the questions we have, rather than being limited to what the fly will give us," Frye said.
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Shrinking the pint can reduce beer sales by almost 10% | ScienceDaily
Reducing the serving size for beer, lager and cider reduces the volume of those drinks consumed in pubs, bars and restaurants, and could be a useful alcohol control measure, according to research published September 17th in the open-access journal PLOS Medicine. Theresa Marteau and colleagues at the University of Cambridge, UK, found that over a short intervention period, venues that removed the pint and offered two third pints instead, sold 10% less beer by volume compared with when pints were available.


						
When wine by the glass is offered in smaller servings, the amount sold decreases, but similar studies have not investigated the effect on other alcoholic drinks. Marteau and colleagues approached venues in England and asked them to remove the pint serving size and instead offer two thirds as the largest option for four weeks, with four-week non-intervention periods before and after as a comparison.

The team found that removing the pint reduced the daily mean volume of beer, lager and cider sold by 9.7%, although there was a slight increase in the amount of wine purchased, with one pub contributing to half of the increase of wine sales. They report that although customers did not complain, fewer than 1% of venues approached agreed to participate and the intervention involved only 12 establishments.

Further assessment is needed, particularly into whether people fully compensated for reduced beer consumption by drinking other alcoholic drinks, but the intervention merits consideration for inclusion in alcohol control policies. Smaller serving sizes could contribute towards reducing alcohol consumption across populations and thereby decrease the risk of seven cancers and other diseases.

The authors add, "Removing the offer of pints in 13 licensed premises for 4 weeks reduced the volume of beer sold. This is in keeping with the emerging literature showing that smaller serving sizes help us drink less and presents a novel way of reducing alcohol consumption and improving population health."
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Unhealthy behaviors contribute to more coronary artery disease deaths in the poor | ScienceDaily
Lower socioeconomic status is associated with higher rates of death from coronary artery disease compared to higher socioeconomic status, and more than half of the disparities can be explained by four unhealthy behaviors. Dr. Yachen Zhu of the Alcohol Research Group, U.S., and Dr. Charlotte Probst of the Centre for Addiction and Mental Health, Canada, report these findings in a new study published September 17 in the open-access journal PLOS Medicine.


						
Coronary artery disease, also known as coronary heart disease or ischemic heart disease, occurs when the arteries supplying the heart cannot deliver enough oxygen-rich blood due to plaque buildup, and is a major cause of death in the U.S. The condition poses a greater risk to people with lower socioeconomic status, but previous studies have reported conflicting results on whether certain unhealthy behaviors, like smoking, are primarily responsible for the observed disparities in deaths from the disease.

In the new study, researchers used data from 524,035 people aged 25 years and older whose mortality statuses were recorded in the National Death Index and who answered the National Health Interview Survey on demographics and health behaviors. The team used education as the primary indicator for socioeconomic status, and investigated four behavioral risk factors: smoking, alcohol use, physical inactivity and BMI. The four factors together explained 74% of the differences in mortality risk from coronary artery disease in men belonging to different socioeconomic levels and 61% in women.

The researchers conclude that their results highlight the need for effective public health policies and interventions that address each of these behaviors -- both separately and together -- because unhealthy behaviors often cluster among individuals from low socioeconomic backgrounds. They urge public health campaigns to raise awareness about heart health with messaging and outreach efforts customized for male and female audiences. The authors add, "These efforts are crucial to reducing the socioeconomic disparities in deaths from coronary artery disease in the U.S."
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Two common surgeries equally effective for treating blinding condition of the eyelid | ScienceDaily
Trachomatous trichiasis, a potentially blinding condition where inward-turned eyelashes scratch the front of the eye, can successfully be treated by either of the two most common types of eyelid surgery, according to findings from a large comparison trial funded by the National Institutes of Health. In light of previous, smaller studies, which suggested that one of the commonly used surgery types had poorer outcomes, this study provides reassurance that either technique can treat the condition. The study, published in PLOS Neglected Tropical Diseases, was supported by the National Eye Institute (NEI), part of NIH.


						
"Some studies have reported post-operative trichiasis rates of 30% or higher for patients with trachomatous trichiasis following surgery, and repeat surgeries are more difficult," said Emily Gower, Ph.D., University of North Carolina at Chapel Hill. "This trial sought to determine if we could decrease the risk of post-operative trichiasis by modifying the surgical procedure. We found that existing approaches result in better outcomes."

Trachomatous trichiasis affects approximately 1.7 million people worldwide, mostly in poor and rural areas of Africa. The condition arises after repeated or chronic eye infections with the bacteria Chlamydia trachomatis, which is spread by person-to-person contact. Trachoma is very common in hot, dry areas of the world, and repeat infections can eventually lead to scarring and malformation of the eyelid. This malformation causes the edge of the eyelid to draw inward, so that eyelashes scratch the eye. If left untreated, trichiasis can result in corneal clouding, and eventually blindness.

The most common and effective treatment for trichiasis is surgery to correct the in-turning of the eyelid, which typically is performed in one of two different ways. A few smaller studies indicated that one of the surgery methods, posterior lamellar tarsal rotation (PLTR), might be more effective, so some programs in Africa began retraining surgeons to perform that method. Additionally, previous analysis of eyelids treated with the other surgery, bilamellar tarsal rotation (BLTR), suggested that placing the surgical incision slightly further from the edge of the eyelid (5 millimeters above the lid margin instead of 3 mm) might lead to fewer recurrences, but this change had not previously been tested. The current study directly compared these three surgery approaches and evaluated the risk of post-operative trichiasis.

The study, which took place in southern Ethiopia, enrolled 4,914 patients with trichiasis in one or both eyes (6,940 eligible eyes). The participants were randomized to receive BLTR at 3 mm incision height, BLTR at 5 mm incision height, or PLTR. Researchers rechecked the patients for post-operative trichiasis at six weeks and again at 12-18 months. On average, approximately 17% of eyelids had post-operative trichiasis. There was no difference in risk of post-operative trichiasis between the two methods with a 3 mm incision height, while those who received the 5 mm incision height BLTR were significantly more likely to have post-operative trichiasis. The results indicate that the current standard surgeries -- either method at 3 mm -- are better options for trichiasis treatment than the 5 mm method.

The study was funded by NEI grant UG1EY025992 and carries clinical trial registration number NCT03100747.
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A smoother way to study 'twistronics' | ScienceDaily
A discovery six years ago took the condensed-matter physics world by storm: Ultra-thin carbon stacked in two slightly askew layers became a superconductor, and changing the twist angle between layers could toggle their electrical properties. The landmark 2018 paper describing "magic-angle graphene superlattices" launched a new field called "twistronics," and the first author was then-MIT graduate student and recent Harvard Junior Fellow Yuan Cao.


						
Together with Harvard physicists Amir Yacoby, Eric Mazur, and others, Cao and colleagues have built on that foundational work, smoothing a path for more twistronics science by inventing an easier way to twist and study many types of materials.

A new paper in Nature describes the team's fingernail-sized machine that can twist thin materials at will, replacing the need to fabricate twisted devices one by one. Thin, 2D materials with properties that can be studied and manipulated easily have immense implications for higher-performance transistors, optical devices such as solar cells, and quantum computers, among other things.

"This development makes twisting as easy as controlling the electron density of 2D materials," said Yacoby, Harvard professor of physics and applied physics. "Controlling density has been the primary knob for discovering new phases of matter in low-dimensional matter, and now, we can control both density and twist angle, opening endless possibilities for discovery."

Cao first made twisted bilayer graphene as a graduate student in the lab of MIT's Pablo Jarillo-Herrero. Exciting as it was, the achievement was tempered by challenges with replicating the actual twisting.

At the time, each twisted device was hard to produce, and as a result, unique and time-consuming, Cao explained. To do science with these devices, they needed tens or even hundreds of them. They wondered if they could make "one device to twist them all," Cao said -- a micromachine that could twist two layers of material at will, eliminating the need for hundreds of unique samples. They call their new device a MEMS (micro-electromechanical system)-based generic actuation platform for 2D materials, or MEGA2D for short.

The Yacoby and Mazur labs collaborated on the design of this new tool kit, which is generalizable to graphene and other materials.




"By having this new 'knob' via our MEGA2D technology, we envision that many underlying puzzles in twisted graphene and other materials could be resolved in a breeze," said Cao, now an assistant professor at University of California Berkeley. "It will certainly also bring other new discoveries along the way."

In the paper, the researchers demonstrated the utility of their device with two pieces of hexagonal boron nitride, a close relative of graphene. They were able to study the bilayer device's optical properties, finding evidence of quasiparticles with coveted topological properties.

The ease of their new system opens several scientific roadways, for example, employing hexagonal boron nitride twistronics to produce light sources that can be used for low-loss optical communication.

"We hope that our approach will be adopted by many other researchers in this prosperous field, and all can benefit from these new capabilities," Cao said.

The paper's first author is nanoscience and optics expert Haoning Tang, a postdoctoral researcher in Mazur's lab and a Harvard Quantum Initiative fellow, who noted that developing the MEGA2D technology was a long process of trial and error.

"We didn't know much about how to control the interfaces of 2D materials in real time, and the existing methods just weren't cutting it," she said. "After spending countless hours in the cleanroom and refining the MEMS design -- despite many failed attempts -- we finally found the working solution after about a year of experiments." All nanofabrication took place at Harvard's Center for Nanoscale Systems, where staff provided invaluable technical support, Tang added.

"The nanofabrication of a device combining MEMS technology with a bilayer structure is a veritable tour de force," said Mazur, the Balkanski Professor of Physics and Applied Physics. "Being able to tune the nonlinear response of the resulting device opens the door to a whole new class of devices in optics and photonics."
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Genetic risk-factor overlap between Alzheimer's disease, and all-cause and vascular dementias | ScienceDaily
In landmark research, scientists at The University of Texas Health Science Center at San Antonio (UT Health San Antonio) have reported the largest-ever genome-wide association study of dementia from all causes, revealing an overlap of genetic risks including neurodegeneration, vascular factors and cerebral small-vessel disease.


						
Genome-wide association studies help scientists identify genes associated with a particular disease or trait by exploring the entire set of DNA, or genome, of a large group of people -- in this case, a dataset of 800,597 individuals, with 46,902 and 8,702 cases of all-cause dementia and vascular dementia, respectively.

"Dementia is a multifactorial disease with Alzheimer's disease and vascular dementia pathologies making the largest contributions -- and yet, most genome-wide association studies focus just on Alzheimer's disease," said Bernard Fongang, PhD, with the Glenn Biggs Institute for Alzheimer's and Neurodegenerative Diseases at UT Health San Antonio. "We conducted such a study of all-cause dementia and discovered a substantial genetic overlap with vascular dementia."

Fongang, who also is with the departments of biochemistry and structural biology, and population health sciences, at the Joe R. and Teresa Lozano Long School of Medicine at UT Health San Antonio, is corresponding contact for the study titled, "A genome-wide association meta-analysis of all-cause and vascular dementia," published July 24 by Alzheimer's & Dementia: The Journal of the Alzheimer's Association. The study author is credited as the Mega Vascular Cognitive Impairment and Dementia (MEGAVCID) consortium, which is an international consortium of cohorts focusing on the genetics of vascular cognitive impairment and dementia.

Two clinically distinct dementias

According to the study, Alzheimer's disease traditionally is considered the most common dementia subtype, followed by vascular dementia. The two conditions are clinically distinct, however.

Vascular dementia is diagnosed based on the presence of stroke or extensive cerebral vascular disease, with atherosclerosis and arteriolosclerosis considered the underlying pathologies. But a wealth of evidence from recent years has emphasized a broad role for brain vascular damage as a major mechanism for cognitive impairment.




It now is increasingly recognized that a component of vascular pathology is prominent in all major dementias and acts synergistically with amyloid beta, tau and other neurodegenerative pathologies to affect dementia risk, the study notes.

Because most genome-wide association studies have focused on Alzheimer's disease, highlighting multiple genetic risk variants, Fongang's team conducted such a study of all-cause dementia and examined the genetic overlap with vascular dementia.

Its vast dataset drew from individuals comprising the Cohorts for Heart and Aging Research in Genomic Epidemiology (CHARGE), the Alzheimer's Disease Genetics Consortium (ADGC), the European Alzheimer Disease Biobank (EADB) and the UK Biobank (UKBB), encompassing four different reported ancestries: European (98.5%), African (1.0%), Asian (0.4%) and Hispanics/Latino (0.1%).

Known genetic variants associated with Alzheimer's disease were replicated for all-cause dementia and vascular dementia. Functional analysis revealed the overlap of genetic risks of all-cause dementia with neurodegeneration, vascular risk factors such as hypertension and diabetes, and cerebral small vessel disease.

Essentially, known genetic variants for Alzheimer's disease were identified as risk factors for all-cause dementia and vascular dementia.

"Our findings expand the current knowledge base of dementia genetics by focusing on both all-cause dementia and vascular dementia," Fongang said. "We identified several putative genetic variants and biological pathways associated with all-cause dementia and vascular dementia, and added additional support for the involvement of vascular mechanisms in dementia pathogenesis."

The study concluded that the results should be validated in additional datasets including non-European individuals. UT Health San Antonio is the largest academic research institution in South Texas, with an annual research portfolio of $413 million.
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Cancer cells may be using lipids to hide from the immune system | ScienceDaily
Cancer cells seldom start off stealthy. Quite to the contrary, they announce their presence to the immune system by planting chemical red flags right on their membranes. Once alerted, the body's defenses can swoop in, destroying rogue cells before they can do much damage. Lying at the heart of this early warning system are lipids, fatty compounds previously seen by cancer biologists primarily as a fuel source for burgeoning tumors.


						
But now, a new study in Nature demonstrates that one particular lipid type is actually critical for cancer immune evasion -- so much so that certain cancer cells cannot proliferate without it. The findings confirm longstanding suspicions that not only is this lipid a key player in cancer biology (and therefore a key drug target), but also demonstrate that existing FDA-approved medications designed to stunt lipid production can galvanize the immune system against cancer.

"Cancer cells are altering how this lipid is metabolized, which in turn distorts the 'eat me' signals that malignant cells usually produce," says first author Mariluz Soula, a former graduate student in the laboratory of Kivanc Birsoy, and now a scientist Lime Therapeutics. "This paints a very different picture of the role lipids play in cancer growth."

A mysterious connection between lipids and cancer

Scientists have long known that cancer cells alter lipid metabolism, but it was generally assumed that cancer cells were gobbling up these lipids for energy -- consuming the fatty molecules to help the tumor grow and spread far beyond that of healthy cells.

"We knew from the literature that elevated lipid levels correlate with severity of cancer growth and metastasis, but it was unclear how," Soula says. The Birsoy lab, in conjunction with the laboratory of Gabriel D. Victoria, set out to answer this question by screening the genes involved in this process. They then implanted a series of cancer cells, each missing a different such gene, into mice with and without immune systems -- thereby revealing which lipids a cancer cannot live without.

The result: so-called "sphingolipids." Discovered in the late 1800s by German chemist Johann Ludwig Wilhelm Thudichum, sphingolipids were named after the enigmatic Sphinx of Greek lore because of their puzzling structure and function. Two centuries later, sphingolipids are less of a mystery. "We know that sphingolipids aren't really used for energy," Soula says. "They're mainly in the cell membrane to create scaffolding for signaling proteins."

This finding raised an intriguing possibility. Was lipid metabolism in cancer cells really just the story of hungry cells trying to consume more energy? Or was it a key part of the cancer cell's efforts to subtly manipulate cell signaling and dodge the immune system?




Toward a new therapeutic strategy

To test how sphingolipids were driving cancer growth, the team turned to an FDA-approved drug used to treat Gaucher disease -- a genetic disorder characterized by an impaired ability to break down lipids. The drug essentially blocks glycosphingolipid synthesis, and the team found that this impaired tumor growth in pancreatic, lung, and colorectal cancer models.

They also found that depleting glycosphingolipids prevented the formation of the "lipid nanodomains" that bunch signalizing molecules together on the membrane, impacting the cell's surface receptors on the cell surface in a way that made them more sensitive to an immune response. These findings suggest that cancer cells hoard glycosphingolipids in order to obscure inflammatory signals, and that disrupting glycosphingolipid production can leave cancer cells vulnerable to the immune system.

"Everyone thought of elevated lipid levels as an energy source for cancer cells to consume," Soula says. "We discovered that it's far more nuanced. Lipids are not just fuel, but a protection mechanism for cancer cells that modulates how they communicate with the immune system."

Future work will determine whether this holds true for multiple cancers. The team tested a variety of types, but found this mechanism at work in KRAS-dependent cancers (so named for the mutated oncogene that drives them). Still, the initial results could have significant clinical impact, given how aggressive many KRAS-dependent cancers, such as pancreatic cancer, tend to be. Based on their findings, the team suggests that drug and dietary interventions that stunt sphingolipid production may help increase the efficacy of existing immunotherapies.

"Diets may impact many aspects of cancer biology," Birsoy says. "We believe modulating dietary lipids may be an interesting avenue to target cancer cells' ability to evade immune cells."
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        Genetic tracing at the Huanan Seafood market further supports COVID animal origins
        A new study provides a list of the wildlife species present at the market from which SARS-CoV-2, the virus responsible for the COVID-19 pandemic, most likely arose in late 2019. The study is based on a new analysis of metatranscriptomic data released by the Chinese Center for Disease Control and Prevention (CDC). The data come from more than 800 samples collected in and around the Huanan Seafood Wholesale market beginning on January 1, 2020, and from viral genomes reported from early COVID-19 pat...

      

      
        Some diabetes drugs tied to lower risk of dementia, Parkinson's disease
        A class of drugs for diabetes may be associated with a lower risk of dementia and Parkinson's disease, according to a new study.

      

      
        Explaining dramatic planet-wide changes after world's last 'Snowball Earth' event
        Some of the most dramatic climatic events in our planet's history are 'Snowball Earth' events that happened hundreds of millions of years ago, when almost the entire planet was encased in ice up to 0.6 miles thick. New research provides a more complete picture for how the last Snowball Earth event ended, and suggests why it preceded a dramatic expansion of life on Earth, including the emergence of the first animals.

      

      
        Homemade 'play-putty' can read the body's electric signals
        Researchers demonstrates the effectiveness of homemade play putty at reading brain, heart, muscle and eye activity. The research outlines the conductive properties of this material, so-named 'squishy circuits.'

      

      
        Magnifying deep space through the 'carousel lens'
        A newly discovered cluster-scale strong gravitational lens, with a rare alignment of seven background lensed galaxies, provides a unique opportunity to study cosmology.

      

      
        Why petting your cat leads to static electricity
        Static electricity was first observed in 600 B.C., but researchers have struggled to explain how rubbing causes it. In 2019, researchers discovered nanosized surface deformations at play. The same researchers now say different electrical charges build up on the front and back parts of a sliding object, creating a current.

      

      
        Metal exposure can increase cardiovascular disease risk
        Metal exposure from environmental pollution is associated with increased calcium buildup in the coronary arteries at a level comparable to traditional risk factors, according to a new study. The findings support that metals in the body are associated with the progression of plaque buildup in the arteries and potentially provide a new strategy for managing and preventing atherosclerosis.

      

      
        Gargantuan black hole jets are biggest seen yet
        Astronomers have spotted the biggest pair of black hole jets ever seen, spanning 23 million light-years in total length. That's equivalent to lining up 140 Milky Way galaxies back to back.

      

      
        NASA's Webb provides another look into galactic collisions
        Astronomers examined galaxy Arp 107 which has revealed a wealth of information about star-formation and how two galaxies collided hundreds of million years ago. Arp 107 is located 465 million light-years from Earth in the constellation Leo Minor.

      

      
        Early dingoes are related to dogs from New Guinea and East Asia
        New archaeological research has discovered for the first time clear links between fossils of the iconic Australian dingo, and dogs from East Asia and New Guinea.

      

      
        'Scuba-diving' lizards use bubble to breathe underwater and avoid predators
        A species of semi-aquatic lizard produces a special bubble over its nostrils to breathe underwater and avoid predators.

      

      
        New results from the CMS experiment put W boson mass mystery to rest
        Physicists on the CMS experiment announce the most elaborate mass measurement of a particle that is notoriously difficult to study and has captivated the physics community for decades.

      

      
        Reducing smartphone use increases work satisfaction
        On average, we spend three and a quarter hours a day looking at our phones. Cutting back this time by one hour a day is not only good for our mental health, but also helps us to feel happier and more motivated at work, new research suggests.

      

      
        Moderate coffee and caffeine consumption is associated with lower risk of developing multiple cardiometabolic diseases, new study finds
        Consuming moderate amounts of coffee and caffeine regularly may offer a protective effect against developing multiple cardiometabolic diseases, including type 2 diabetes, coronary heart disease and stroke, according to new research.

      

      
        A wobble from Mars could be sign of dark matter
        Watching for changes in Mars' orbit over time could be new way to detect passing dark matter, according to researchers.

      

      
        More black holes than expected in the early universe
        With the help of NASA's Hubble Space Telescope, an international team of scientists has found more black holes in the early universe than has previously been reported. The new result can help scientists understand how supermassive black holes were created.

      

      
        Beneath the brushstrokes, van Gogh's sky is alive with real-world physics
        Van Gogh's brushstrokes in 'The Starry Night' create an illusion of sky movement so convincing it led researchers to wonder how closely it aligns with the physics of real skies. Marine sciences and fluid dynamics specialists analyzed the painting to uncover what they call the hidden turbulence in the artwork. They used brushstrokes to examine the shape, energy, and scaling of atmospheric characteristics of the otherwise invisible atmosphere and used the relative brightness of the varying paint co...

      

      
        Researchers test ChatGPT, other AI models against real-world students
        An experiment tested six generative large language models against students in an online introductory biomedical and health informatics course. The models scored higher than as many as three quarters of the real-world students in the class.

      

      
        How the brain changes during pregnancy
        Researchers follow the dramatic changes that occur in the brain throughout the course of pregnancy.

      

      
        Genomics reveals sled dogs' Siberian lineage
        New research examines thousands of years of Arctic sled dog ancestry and reveals when and how Siberian and Alaskan sled dogs' DNA mixed.

      

      
        Astronomers detect black hole 'starving' its host galaxy to death
        Astronomers have used the NASA/ESA James Webb Space Telescope to confirm that supermassive black holes can starve their host galaxies of the fuel they need to form new stars.

      

      
        'Food theft' among seabirds could be transmission point for deadly avian flu
        If seabirds can catch avian flu by stealing food from infectious birds, it gives scientists a clue where to monitor for outbreaks among these vulnerable birds.

      

      
        Early dark energy could resolve cosmology's two biggest puzzles
        Physicists propose that a mysterious force known as early dark energy could solve two of the biggest puzzles in cosmology and fill in some major gaps in our understanding of how the early universe evolved.

      

      
        Plant-derived secondary organic aerosols can act as mediators of plant-plant interactions
        A new study reveals that plant-derived secondary organic aerosols (SOAs) can act as mediators of plant-plant interactions. This research was conducted through the cooperation of chemical ecologists, plant ecophysiologists and atmospheric physicists.

      

      
        Towards the realization of compact and portable nuclear clocks
        The low-energy excited state of thorium-229 (229Th) isotope nucleus has recently gained much attention owing to it being an ideal candidate for ultra-precise nuclear clocks. Building such high-precision clocks requires an acute understanding of the excitation and de-excitation state of the nucleus. In this view, researchers have designed 229Th-doped vacuum ultraviolet (VUV) transparent CaF2 crystals. They excited it with X-rays to control the isomeric state population and observed radiative decay...

      

      
        Folded or cut, this lithium-sulfur battery keeps going
        Most rechargeable batteries that power portable devices, such as toys, handheld vacuums and e-bikes, use lithium-ion technology. But these batteries can have short lifetimes and may catch fire when damaged. To address stability and safety issues, researchers have designed a lithium-sulfur (Li-S) battery that features an improved iron sulfide cathode. One prototype remains highly stable over 300 charge-discharge cycles, and another provides power even after being folded or cut.

      

      
        Bacteria work together to thrive in difficult conditions
        In a new study, researchers have determined through both statistical analysis and in experiments that soil pH is a driver of microbial community composition -- but that the need to address toxicity released during nitrogen cycling ultimately shapes the final microbial community.

      

      
        Ignore antifungal resistance in fungal disease at your peril, warn top scientists
        Without immediate action, humanity will potentially face further escalation in resistance in fungal disease, a group of scientists from the around the world has warned. According to the scientists most fungal pathogens identified by the World Health Organization -- accounting for around 3.8 million deaths a year -- are either already resistant or rapidly acquiring resistance to antifungal drugs.

      

      
        Huge gamma-ray burst collection 'rivals 250-year-old Messier catalog'
        Hundreds of gamma-ray bursts (GRBs) have been recorded as part of an enormous global effort so extensive it 'rivals the catalog of deep-sky objects created by Messier 250 years ago', astronomers say. GRBs are the most violent explosions in the Universe, releasing more energy than the Sun would in 10 billion years. They occur when either a massive star dies or two neutron stars merge.

      

      
        Targeted immune intervention and stopping ART in model of SIV infection leads to control of viral replication and reservoirs
        Researchers have shown unprecedented control of SIV replication and decay of viral reservoirs by combining a stringent model of infection with the interruption of antiretroviral therapy (ART). The success of this immune-based approach follows the research team's identification of the mechanisms of action for PD1 and IL-10, molecules known to regulate HIV persistence and immune dysfunction.

      

      
        Discovery could lead to longer-lasting EV batteries, hasten energy transition
        Researchers have discovered why lithium-ion batteries, which power most electronic devices, lose capacity overtime. The findings could enable the development of electric vehicles that go far longer without needing a charge.

      

      
        New study reveals food waste bans ineffective in reducing landfill waste, except in Massachusetts
        Of the first five U.S. states to implement food waste bans, only Massachusetts was successful at diverting waste away from landfills and incinerators, according to a new study.

      

      
        How El Nino and mega ocean warming caused the greatest-ever mass extinction
        Mega ocean warming El Nino events were key in driving the largest extinction of life on planet Earth some 252 million years ago, according to new research. The study has shed new light on why the effects of rapid climate change in the Permian-Triassic warming were so devastating for all forms of life in the sea and on land.

      

      
        Climate-change-triggered 2023 mega-landslide caused Earth to vibrate for nine days
        A landslide in a remote part of Greenland caused a 200 meter (650 foot) mega-tsunami that sloshed back and forth across a fjord for nine days, generating vibrations throughout Earth, according to a new study. The study concluded that this movement of water was the cause of a mysterious, global seismic signal that lasted for nine days and puzzled seismologists in September 2023.

      

      
        Microbe dietary preferences influence the effectiveness of carbon sequestration in the deep ocean
        The movement of carbon dioxide (CO2) from the surface of the ocean, where it is in active contact with the atmosphere, to the deep ocean, where it can be sequestered away for decades, centuries, or longer, depends on a number of seemingly small processes. A key microscale process in the ocean is the dietary preferences of bacteria that feed on organic molecules called lipids.

      

      
        Invisibility cloaks? Wave scattering simulation unlocks potential for advanced metamaterials
        Could invisibility cloaks become a reality? New research brings this science fiction concept a step closer, with a breakthrough software package that simulates how waves interact with complex materials.

      

      
        Trilobite fossils from upstate New York reveal 'extra' set of legs
        A new study finds that a trilobite species with exceptionally well-preserved fossils from upstate New York has an additional set of legs underneath its head. The research suggests that having a fifth pair of head appendages might be more widespread among trilobites than once thought and helps researchers better understand how trilobite heads are segmented.

      

      
        New fossil fish species scales up evidence of Earth's evolutionary march
        Climate change and asteroids are linked with animal origin and extinction -- and plate tectonics also seems to play a key evolutionary role, 'groundbreaking' new fossil research reveals. The discovery of an exceptionally well preserved ancient primitive Devonian coelacanth fish in remote Western Australia has been linked to a period of heightened tectonic activity, or movement in the Earth's crust, according to the new study.

      

      
        Hair-thin wire to help simulate cosmic conditions
        Extreme conditions prevail inside stars and planets. The pressure reaches millions of bars, and it can be several million degrees hot. Sophisticated methods make it possible to create such states of matter in the laboratory -- albeit only for the blink of an eye and in a tiny volume. So far, this has required the world's most powerful lasers, and the opportunities for experiments are correspondingly rare. A research team has now succeeded in creating and observing extreme conditions with a much s...

      

      
        Path to prosperity for planet and people shrinking rapidly, scientists warn
        Our planet will only remain able to provide even the most 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, a new report shows.

      

      
        Impact of climate change on agriculture suggests even greater challenges to the environment, global food supply and public health
        A sweeping global research review of the links between climate and agriculture reveals the likelihood of an emergent feedback loop whereby, as climate change puts more pressure on the global food supply, agriculture will, by necessity, adopt practices that may exacerbate its environmental impact. The paper also identifies new agricultural practices that have the potential to increase efficiency and stabilize our food supply in the decades to come.

      

      
        NASA's Webb peers into the extreme outer galaxy
        Astronomers have directed NASA's James Webb Space Telescope to examine the outskirts of our Milky Way galaxy. Scientists call this region the Extreme Outer Galaxy due to its location more than 58,000 light-years away from the Galactic Center. (For comparison, Earth is approximately 26,000 light-years from the center.)

      

      
        Powered by renewable energy, microbes turn CO2 into protein and vitamins
        Researchers can harvest protein and vitamin B9 from microbes by feeding them nothing much more than hydrogen, oxygen, and CO2. The technology runs on renewable energy to produce a sustainable, micronutrient-enriched protein alternative that may one day make it to our plates.

      

      
        Quantum researchers cause controlled 'wobble' in the nucleus of a single atom
        Researchers have been able to initiate a controlled movement in the very heart of an atom. They caused the atomic nucleus to interact with one of the electrons in the outermost shells of the atom. This electron could be manipulated and read out through the needle of a scanning tunneling microscope. The research offers prospects for storing quantum information inside the nucleus, where it is safe from external disturbances.

      

      
        Researchers discover building blocks that could 'revolutionize computing'
        A research team has made a major discovery by designing molecules that could revolutionize computing.

      

      
        Research reveals reality of Ice Age teen puberty
        Landmark new research shows Ice Age teens from 25,000 years ago went through similar puberty stages as modern-day adolescents.
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Genetic tracing at the Huanan Seafood market further supports COVID animal origins | ScienceDaily
A new international collaborative study provides a list of the wildlife species present at the market from which SARS-CoV-2, the virus responsible for the COVID-19 pandemic, most likely arose in late 2019. The study is based on a new analysis of metatranscriptomic data released by the Chinese Center for Disease Control and Prevention (CDC). The data come from more than 800 samples collected in and around the Huanan Seafood Wholesale market beginning on January 1, 2020, and from viral genomes reported from early COVID-19 patients. The research appears September 19 in the journal Cell.


						
"This is one of the most important datasets that exists on the origin of the COVID-19 pandemic," says co-corresponding author Florence Debarre of the French National Centre for Scientific Research (CNRS). "We're extremely grateful that the data exist and were shared."

"This paper adds another layer to the accumulating evidence that all points to the same scenario: that infected animals were introduced into the market in mid- to late November 2019, which sparked the pandemic," says co-corresponding author Kristian Andersen of Scripps Research.

"We have analyzed, in new and rigorous ways, the vitally important data that the Chinese CDC team collected," says co-corresponding author Michael Worobey of the University of Arizona. "This is an authoritative analysis of that data and how it fits in with the rest of the huge body of evidence we have about how the pandemic started."

On January 1, 2020, after the animals were removed and just hours after the market was closed, investigators from the Chinese CDC went to the market to collect samples. They swabbed the floors, walls, and other surfaces of the stalls; they came back days later to focus on surfaces in stalls selling wildlife, such as a cage and carts used to move animals, and then also collected samples from the drains and sewers.

They performed metatranscriptomic sequencing of the samples, a technique aiming to obtain all RNA sequences (and which can pick up DNA as well) from all organisms present in the samples -- viruses, bacteria, plants, animals, humans. The Chinese CDC team, led by Liu Jun, published their data and results in 2023 in the journal Nature. However, the article left unresolved the exact identities of the animal species found in the data that could represent plausible intermediate hosts. The Chinese CDC shared their sequencing data on public and open repositories.

According to the latest analysis of these data being published in Cell, SARS-CoV-2 was present in some of the same stalls as wildlife sold at the market -- including raccoon dogs (small fox-like animals with markings similar to raccoons) and civet cats (small carnivorous mammals related to mongooses and hyenas). In some cases, genetic material from the SARS-CoV-2 virus and these animals was even found on the same swabs. The exact animal species were identified by genotyping their mitochondrial genomes in the samples.




"Many of the key animal species had been cleared out before the Chinese CDC teams arrived, so we can't have direct proof that the animals were infected," Debarre says. "We are seeing the DNA and RNA ghosts of these animals in the environmental samples, and some are in stalls where SARS-CoV-2 was found too. This is what you would expect under a scenario in which there were infected animals in the market."

"These are the same sorts of animals that we know facilitated the original SARS coronavirus jumping into humans in 2002," Worobey adds. "This is the most risky thing we can do -- take wild animals that are teeming with viruses and then play with fire by bringing them into contact with humans living in the heart of big cities, whose population densities make it easy for these viruses to take hold."

The international team also performed evolutionary analysis of the earliest viral genomes reported in the pandemic, including these environmental sequences, and inferred the most likely progenitor genotypes of the virus that infected humans and led to the COVID-19 pandemic. The results imply that there were very few, if any, humans infected prior to the market outbreak. This is consistent with spillovers from animals to humans within the market. There may also have been spillovers of limited impact in the immediate upstream animal trade.

"In this paper, we show that the sequences linked to the market are consistent with a market emergence," Debarre says. "The main diversity of SARS-CoV-2 was in the market from the very beginning."

The new study landed on a short list of animal species in the wet market found co-occurring or close to viral samples that could represent the most likely intermediate hosts for SARS-CoV-2. The common raccoon dog, a species susceptible to SARS-CoV-2 and that carried SARS-CoV in 2003, was found to be the most genetically abundant animal in the samples from market wildlife stalls. Genetic material from masked palm civets, which were also associated with the earlier outbreak of SARS-CoV, was also found in a stall with SARS-CoV-2 RNA. Other species such as the Hoary bamboo rat and Malayan porcupines were also found to be present in SARS-CoV-2-positive samples, as well as a multitude of other species.

While the data cannot prove whether one or more of these animals may have been infected, the team's analyses provide a clear list of the species that most plausibly could have carried the virus and genetic information that could be used to help trace where they originated.

The investigators stress the importance of understanding the origins of the COVID-19 pandemic, especially in light of other recent spillovers, such as the spread of avian flu viruses in cattle in the United States. "There has been a lot of disinformation and misinformation about where SARS-CoV-2 originated," Worobey says. "The reason it's so important to find out is that this affects national security and public health, not just in the United States but around the world. And the truth is, since the pandemic started more than four years ago, although there has been an increased focus on lab safety, not much has been done to decrease the chance of a zoonotic scenario like this happening again."
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Some diabetes drugs tied to lower risk of dementia, Parkinson's disease | ScienceDaily
A class of drugs for diabetes may be associated with a lower risk of dementia and Parkinson's disease, according to a study published in the September 18, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology.


						
The study looked at sodium-glucose cotransporter-2 (SGLT2) inhibitors, which are also known as gliflozins. They lower blood sugar by causing the kidneys to remove sugar from the body through urine.

"We know that these neurodegenerative diseases like dementia and Parkinson's disease are common and the number of cases is growing as the population ages, and people with diabetes are at increased risk of cognitive impairment, so it's encouraging to see that this class of drugs may provide some protection against dementia and Parkinson's disease," said study author Minyoung Lee, MD, PhD, of Yonsei University College of Medicine in Seoul, South Korea.

The retrospective study looked at people with type 2 diabetes who started diabetes medication from 2014 to 2019 in South Korea. People taking SGLT2 inhibitors were matched with people taking other oral diabetes drugs, so the two groups had people with similar ages, other health conditions and complications from diabetes. Then researchers followed the participants to see whether they developed dementia or Parkinson's disease. Those taking the SGLT2 inhibitors were followed for an average of two years and those taking the other drugs were followed for an average of four years.

Among the 358,862 participants with an average age of 58, a total of 6,837 people developed dementia or Parkinson's disease during the study.

For Alzheimer's disease, the incidence rate for people taking SGLT2 inhibitors was 39.7 cases per 10,000 person-years, compared to 63.7 cases for those taking other diabetes drugs. Person-years represent both the number of people in the study and the amount of time each person spends in the study.

For vascular dementia, which is dementia caused by vascular disease, the incidence rate for people taking the SGLT2 drugs was 10.6 cases per 10,000, compared to 18.7 for those taking the other drugs.




For Parkinson's disease, the incidence rate for those taking the SGLT2 drugs was 9.3 cases per 10,000, compared to 13.7 for those taking the other drugs.

After researchers adjusted for other factors that could affect the risk of dementia or Parkinson's disease, such as complications from diabetes and medications, they found that SGLT2 inhibitor use was associated with a 20% reduced risk of Alzheimer's disease and a 20% reduced risk of Parkinson's disease. Those taking the drugs had a 30% reduced risk of developing vascular dementia.

"The results are generally consistent even after adjusting for factors like blood pressure, glucose, cholesterol and kidney function," Lee said. "More research is needed to validate the long-term validity of these findings."

Lee said that since participants were followed for less than five years at the most, it's possible that some participants would later develop dementia or Parkinson's disease.

The study was supported by the Korea Health Technology R&D Project through the Korea Health Industry Development Institute, funded by the Ministry of Health & Welfare of Korea; Severance Hospital; and Yonsei University College of Medicine.
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Explaining dramatic planet-wide changes after world's last 'Snowball Earth' event | ScienceDaily
Some of the most dramatic climatic events in our planet's history are "Snowball Earth" events that happened hundreds of millions of years ago, when almost the entire planet was encased in ice up to 0.6 miles (1 kilometer) thick.


						
These "Snowball Earth" events have happened only a handful of times and do not occur on regular cycles. Each lasts for millions of years or tens of millions of years and is followed by dramatic warming, but the details of these transitions are poorly understood.

New research from the University of Washington provides a more complete picture for how the last Snowball Earth ended, and suggests why it preceded a dramatic expansion of life on Earth, including the emergence of the first animals.

The study recently published in Nature Communications focuses on ancient rocks known as "cap carbonates," thought to have formed as the glacial ice thawed. These rocks preserve clues to Earth's atmosphere and oceans about 640 million years ago, far earlier than what ice cores or tree rings can record.

"Cap carbonates contain information about key properties of Earth's atmosphere and ocean, such as changing levels of carbon dioxide in the air, or the acidity of the ocean," said lead author Trent Thomas, a UW doctoral student in Earth and space sciences. "Our theory now shows how these properties changed during and after Snowball Earth."

Cap carbonates are layered limestone or dolomite rocks that have a distinct chemical makeup and today are found in over 50 global locations, including Death Valley, Namibia, Siberia, Ireland and Australia. These rocks are thought to have formed as the Earth-encircling ice sheets melted, causing dramatic changes in atmospheric and ocean chemistry and depositing this unique type of sediment onto the ocean floor.

They are called "caps" because they are the caps above glacial deposits left after Snowball Earth, and "carbonates" because both limestone and dolomite are carbon-containing rocks. Understanding their formation helps explain the carbon cycle during periods of dramatic climate change. The new study, which models the environmental changes, also provides hints about the evolution of life on Earth and why more complex lifeforms followed the last Snowball Earth.




"Life on Earth was simple -- in the form of microbes, algae or other tiny aquatic organisms -- for over 2 billion years leading up to Snowball Earth," said senior author David Catling, a UW professor of Earth and space sciences. "In fact, the billion years leading up to Snowball Earth are called the 'boring billion' because so little happened. Then two Snowball Earth events occurred. And soon after, animals appear in the fossil record."

The new paper provides a framework for how the last two facts may be connected.

The study modeled chemistry and geology during three phases of Snowball Earth. First, during Snowball Earth's peak, thick ice encircling the planet reflected sunlight, but some areas of open water allowed exchange between the ocean and atmosphere. Meanwhile frigid seawater continued to react with the ocean floor.

Eventually, carbon dioxide built up in the atmosphere to the point where it trapped enough solar energy to raise global temperatures and melt the ice. This let rainfall reach the Earth, and let freshwater flow into the ocean to join a layer of glacial meltwater that floated over the denser, salty ocean water. This layered ocean slowed down ocean circulation. Later, ocean churning picked up, and mixing between the atmosphere, upper ocean, and deep ocean resumed.

"We predict important changes in the environment as Earth recovered from the Snowball period, some of which affected the temperature, acidity and circulation of the ocean. Now that we know these changes, we can more confidently figure out how they affected Earth's life," Thomas said.

Future research will explore how pockets of life that may have survived the tumult of the Snowball Earth and its aftermath could have evolved into the more complex lifeforms that followed soon after.

The research was funded by the National Science Foundation and NASA, in part by a NASA Astrobiology Program grant to the UW's Virtual Planetary Laboratory.
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Homemade 'play-putty' can read the body's electric signals | ScienceDaily
A new study by University of Massachusetts Amherst researchers demonstrates the effectiveness of homemade play putty at reading brain, heart, muscle and eye activity. Published in Device, the research outlines the conductive properties of this material, so-named "squishy circuits."


						
"[Squishy circuits] are literally child's play putty, that is also conductive" describes Dmitry Kireev, assistant professor of biomedical engineering and senior author on the paper.

The conductive squishy circuits -- whether homemade or store-bought- are made of flour, water, salt, cream of tartar and vegetable oil. "Salt is what makes it conductive," Kireev explains. As a child's toy, this modeling clay is a maleable way to add lights to an art projectby connecting them to a power source as a way to teach kids about circuits. Now, Kireev and his team have demonstrated that the material has more potential.

"We used the squishy circuits as an interface to measure electricity or measure bioelectrical potentials from a human body," he says. They found that, compared to commercially available gel electrodes, these squishy circuits effectively captured various electrophysiology measurements: electroencephalogram (EEG) for brain activity, electrocardiogram (ECG) for heart recordings, electrooculogram (EOG) for tracking eye movement and electromyography (EMG) for muscle contraction.

"What makes one electrode material better than another in terms of the quality of the measurements is impedance," he explains. Impedance is a measure that describes the quality of conductivity between two materials. "The lower the impedance between the electrode and the tissue, the better the conductivity in between and the better your ability to measure those bioelectrical potentials."

The study found that the impedance for the squishy circuit electrode was on par with one of the commercially available gel electrodes and twice as better as a second comparison electrode.

Kireev highlights several benefits to this material. First is cost: Even using pre-made putty, the cost per electrode was about 1cent. Typical electrodes cost on average between $0.25 and $1.

Also, the material is resilient: it can be formed and reformed, molded to the contours of the skin, combined with more putty to make it bigger, reused and easily reconnected if it comes apart. Other comparable state-of-the-art wearable bioelectronics have been made of carbon nanotubes, graphene, silver nanowires and organic polymers. While highly conductive, these materials can be expensive, difficult to handle or make, single use or fragile.

Kireev also highlights the availability of these materials. "It's something you can do at home or in high school laboratories, for example, if needed," he says. "You can democratize these applications [so it's] more widespread."

He gives credit to his research team of undergraduate students (some of whom have since graduated and are continuing with graduate studies at UMass): Alexandra Katsoulakis, Favour Nakyazze, Max Mchugh, Sean Morris, Monil Bhavsar and Om Tank.
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Magnifying deep space through the 'carousel lens' | ScienceDaily
In a rare and extraordinary discovery, researchers have identified a unique configuration of galaxies that form the most exquisitely aligned gravitational lens found to date. The Carousel Lens is a massive cluster-scale gravitational lens system that will enable researchers to delve deeper into the mysteries of the cosmos, including dark matter and dark energy.


						
"This is an amazingly lucky 'galactic line-up' -- a chance alignment of multiple galaxies across a line-of-sight spanning most of the observable universe," said David Schlegel, a co-author of the study and a senior scientist in Berkeley Lab's Physics Division. "Finding one such alignment is a needle in the haystack. Finding all of these is like eight needles precisely lined up inside that haystack."

The Carousel Lens is an alignment consisting of one foreground galaxy cluster (the 'lens') and seven background galaxies spanning immense cosmic distances and seen through the gravitationally distorted space-time around the lens. In the dramatic image below:
    	The lensing cluster, located 5 billion light years away from Earth, is shown by its four brightest and most massive galaxies (indicated by La, Lb, Lc, and Ld), and these constitute the foreground of the image.
    	Seven unique galaxies (numbered 1 through 7), appear through the lens. These are located far beyond, at distances from 7.6 to 12 billion light years away from Earth, approaching the limit of the observable universe.
    	Each galaxy's repeated appearances (indicated by each number's letter index, e.g., a through d) show differences in shape that are curved and stretched into multiple "fun house mirror" iterations caused by the warped space-time around the lens.
    	Of particular interest is the discovery of an Einstein Cross -- the largest known to date -- shown in galaxy number 4's multiple appearances (indicated by 4a, 4b, 4c, and 4d). This rare configuration of multiple images around the center of the lens is an indication of the symmetrical distribution of the lens' mass (dominated by invisible dark matter) and plays a key role in the lens-modeling process.

Light traveling from far-distant space can be magnified and curved as it passes through the gravitationally distorted space-time of nearer galaxies or clusters of galaxies. In rare instances, a configuration of objects aligns nearly perfectly to form a strong gravitational lens. Using an abundance of new data from the Dark Energy Spectroscopic Instrument (DESI) Legacy Imaging Surveys, recent observations from NASA's Hubble Space Telescope, and the Perlmutter supercomputer at the National Energy Research Scientific Computing Center (NERSC), the research team built on their earlier studies (in May 2020 and Feb 2021) to identify likely strong lens candidates, laying the groundwork for the current discovery.

"Our team has been searching for strong lenses and modeling the most valuable systems," explains Xiaosheng Huang, a study co-author and member of Berkeley Lab's Supernova Cosmology Project, and a professor of physics and astronomy at the University of San Francisco. "The Carousel Lens is an incredible alignment of seven galaxies in five groupings that line up nearly perfectly behind the foreground cluster lens. As they appear through the lens, the multiple images of each of the background galaxies form approximately concentric circular patterns around the foreground lens, as in a carousel. It's an unprecedented discovery, and the computational model generated shows a highly promising prospect for measuring the properties of the cosmos, including those of dark matter and dark energy."

The study also involved several Berkeley Lab student researchers, including the lead author, William Sheu, an undergraduate student intern with DESI at the beginning of this study, now a PhD student at UCLA and a DESI collaborator.

The Carousel Lens will enable researchers to study dark energy and dark matter in entirely new ways based on the strength of the observational data and its computational model.

"This is an extremely unusual alignment, which by itself will provide a testbed for cosmological studies," observes Nathalie Palanque-Delabrouille, director of Berkeley Lab's Physics Division. "It also shows how the imaging done for DESI can be leveraged for other scientific applications," such as investigating the mysteries of dark matter and the accelerating expansion of the universe, which is driven by dark energy.
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Why petting your cat leads to static electricity | ScienceDaily
Anyone who has ever pet a cat or shuffled their feet across the carpet knows that rubbing objects together generates static electricity. But an explanation for this phenomenon has eluded researchers for more than two millennia.


						
Now, Northwestern University scientists have finally uncovered the mechanics at play.

When an object slides, the front and back parts of that object experience different forces, researchers found. This difference in forces causes different electrical charges to build up on the front and back parts of the object. And the difference in electrical charges creates a current, leading to a light zap.

The study was published yesterday (Sept. 17) in the journal Nano Letters.

"For the first time, we are able to explain a mystery that nobody could before: why rubbing matters," said Northwestern's Laurence Marks, who led the study. "People have tried, but they could not explain experimental results without making assumptions that were not justified or justifiable. We now can, and the answer is surprisingly simple. Just having different deformations -- and therefore different charges -- at the front and back of something sliding leads to current."

An expert in surface structures, Marks is a professor emeritus of materials science and engineering at Northwestern's McCormick School of Engineering. Karl Olson, a Ph.D. student in Marks' research group, is the paper's first author.

Greek philosopher Thales of Miletus first reported friction-induced static electricity in 600 B.C. After rubbing amber with fur, he noticed the fur attracted dust.




"Since then, it has become clear that rubbing induces static charging in all insulators -- not just fur," Marks said. "However, this is more or less where the scientific consensus ended."

Marks and his team started to unravel the mystery in 2019. In a study published in Physical Review Letters, they reported that rubbing two materials together bends tiny protrusions on the surfaces of those materials. Those bent, deformed protrusions give rise to voltages, the researchers found.

"In 2019, we had the seed of what was going on. However, like all seeds, it needed time to grow," Marks said. "Now, it has blossomed. We developed a new model that calculates electrical current. The values for the current for a range of different cases were in good agreement with experimental results."

A concept called "elastic shear" lies at the heart of the new model. Elastic shear can occur when a material resists a sliding force. If a person pushes a plate across a table, the plate will resist sliding. As soon as the person stops pushing it, the plate stops moving. This added friction -- caused by the resistance to sliding -- causes electrical charges to move.

"Sliding and shear are intimately connected," Marks said.

Although static electricity can cause funny mishaps, like hair standing on end after going down a playground slide, it also can lead to serious problems. For example, sparks from static electricity cause industrial fires and even explosions. It also can hinder consistent dosing for powdered pharmaceuticals. With a better understanding of the mechanisms at play, researchers potentially could introduce new solutions to these issues.

"Static electricity affects life in both simple and profound ways," Marks said. "Charging grains with static electricity has a major influence on how coffee beans are ground and taste. The Earth would probably not be a planet without a key step in the clumping of particles that form planets, which occurs because of the static electricity generated by colliding grains. It's amazing how much of our lives are touched by static electricity and how much of the universe depends on it."

The study, "What puts the 'tribo' in triboelectricity," was supported by Northwestern Engineering.
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Metal exposure can increase cardiovascular disease risk | ScienceDaily
Metal exposure from environmental pollution is associated with increased calcium buildup in the coronary arteries at a level comparable to traditional risk factors like smoking and diabetes, according to a study published today in JACC, the flagship journal of the American College of Cardiology. The findings support that metals in the body are associated with the progression of plaque buildup in the arteries and potentially provide a new strategy for managing and preventing atherosclerosis.


						
"Our findings highlight the importance of considering metal exposure as a significant risk factor for atherosclerosis and CVD," said Katlyn E. McGraw, PhD, a postdoctoral research scientist at Columbia University Mailman School of Public Health and lead author of the study. "This could lead to new prevention and treatment strategies that target metal exposure."

Atherosclerosis is a condition in which the arteries become narrowed and hardened due to a buildup of plaque. This can restrict blood flow and cause clots to form. It's an underlying cause of heart attacks, strokes, and peripheral artery disease (PAD), the most common forms of cardiovascular disease (CVD). Atherosclerosis causes coronary artery calcium (CAC), which can be measured non-invasively to predict future cardiac events.

"This groundbreaking study underscores the critical associations of metal exposure from environmental pollution to cardiovascular health," said Harlan M. Krumholz, the Harold H. Hines, Jr. Professor at Yale and Editor-in-Chief of JACC. "It challenges us to broaden our approach to CVD prevention beyond traditional risk factors and to advocate for stronger environmental regulations, and it underscores the need for continued research in this critical area."

Exposure to environmental pollutants like metals is a newly recognized risk factor for CVD, but there isn't a lot of research on its association with CAC. Researchers in this study sought to determine how urinary metal levels, biomarkers of metal exposure and internal doses of metals impact CAC.

Researchers used data from the Multi-Ethnic Study of Atherosclerosis (MESA) prospective cohort, tracking 6,418 men and women aged 45-84 from diverse racial backgrounds free from clinical CVD, to measure urinary metal levels at the beginning of the study in 2000-2002. They examined non-essential (cadmium, tungsten, uranium) and essential (cobalt, copper, zinc) metals, both common in U.S. populations and associated with CVD. Widespread cadmium, tungsten, uranium, cobalt, copper, and zinc pollution occurs from agricultural and industrial uses such as fertilizers, batteries, oil production, welding, mining, and nuclear energy production. Tobacco smoke is the main source of cadmium exposure.

Results provided evidence that metal exposure may be associated with atherosclerosis over 10 years by increasing coronary calcification.




Comparing the highest to lowest quartile of urinary cadmium, CAC levels were 51% higher at baseline and 75% higher over the 10-year period. For urinary tungsten, uranium and cobalt, the corresponding CAC levels over the 10-year period were 45%, 39%, and 47% higher, respectively. For copper and zinc, the corresponding estimates dropped from 55% to 33% and from 85% to 57%, respectively, after adjustment for clinical factors.

Non-essential and essential urinary metal levels also varied by demographic characteristics. Higher urinary metal levels were seen in older participants, Chinese participants and those with less education. Participants from Los Angeles had markedly higher urinary tungsten and uranium levels, and somewhat higher cadmium, cobalt, and copper levels.

The study's analysis also considered traditional CVD risk factors such as smoking, diabetes, and LDL-cholesterol levels. The associations between metals and CAC progression were comparable in magnitude to those for traditional risk factors.

"Pollution is the greatest environmental risk to cardiovascular health," McGraw said. "Given the widespread occurrence of these metals due to industrial and agricultural activities, this study calls for heightened awareness and regulatory measures to limit exposure and protect cardiovascular health."

Limitations of the study include the unavailability of plaque transition measures in MESA, changes in exposure sources and other factors causing variability of certain measured metals, and the potential for residual and unknown confounding of time-varying exposure measurements.

In an accompanying editorial comment, Sadeer Al-Kindi, MD, Associate Director of Cardiovascular Prevention and Wellness at the Houston Methodist DeBakey Heart and Vascular Center, said the evidence of the study has important implications for public health, health equity and clinical practice.

"The field of environmental cardiovascular medicine, exemplified by this research, offers an emerging frontier in cardiovascular disease prevention and treatment," Al-Kindi said. "Addressing environmental risk factors like metal exposure will significantly reduce the global burden of cardiovascular disease and address long-standing health disparities."
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Gargantuan black hole jets are biggest seen yet | ScienceDaily
Astronomers have spotted the biggest pair of black hole jets ever seen, spanning 23 million light-years in total length. That's equivalent to lining up 140 Milky Way galaxies back to back.


						
"This pair is not just the size of a solar system, or a Milky Way; we are talking about 140 Milky Way diameters in total," says Martijn Oei, a Caltech postdoctoral scholar and lead author of a new Nature paper reporting the findings. "The Milky Way would be a little dot in these two giant eruptions."

The jet megastructure, nicknamed Porphyrion after a giant in Greek mythology, dates to a time when our universe was 6.3 billion years old, or less than half its present age of 13.8 billion years. These fierce outflows -- with a total power output equivalent to trillions of suns -- shoot out from above and below a supermassive black hole at the heart of a remote galaxy.

Prior to Porphyrion's discovery, the largest confirmed jet system was Alcyoneus, also named after a giant in Greek mythology. Alcyoneus, which was discovered in 2022 by the same team that found Porphyrion, spans the equivalent of around 100 Milky Ways. For comparison, the well-known Centaurus A jets, the closest major jet system to Earth, spans 10 Milky Ways.

The latest finding suggests that these giant jet systems may have had a larger influence on the formation of galaxies in the young universe than previously believed. Porphyrion existed during an early epoch when the wispy filaments that connect and feed galaxies, known as the cosmic web, were closer together than they are now. That means enormous jets like Porphyrion reached across a greater portion of the cosmic web compared to jets in the local universe.

"Astronomers believe that galaxies and their central black holes co-evolve, and one key aspect of this is that jets can spread huge amounts of energy that affect the growth of their host galaxies and other galaxies near them," says co-author George Djorgovski, professor of astronomy and data science at Caltech. "This discovery shows that their effects can extend much farther out than we thought."

Unveiling a Vast Population 

The Porphyrion jet system is the biggest found so far during a sky survey that has revealed a shocking number of the faint megastructures: more than 10,000. This massive population of gargantuan jets was found using Europe's LOFAR (LOw Frequency ARray) radio telescope.




While hundreds of large jet systems were known before the LOFAR observations, they were thought to be rare and on average smaller in size than the thousands of systems uncovered by the radio telescope.

"Giant jets were known before we started the campaign, but we had no idea that there would turn out to be so many," says Martin Hardcastle, second author of the study and a professor of astrophysics at the University of Hertfordshire in England. "Usually when we get a new observational capability, such as LOFAR's combination of wide field of view and very high sensitivity to extended structures, we find something new, but it was still very exciting to see so many of these objects emerging."

Back in 2018, Oei and his colleagues began using LOFAR to study not black hole jets but the cosmic web of wispy filaments that crisscrosses the space between galaxies. As the team inspected the radio images for the faint filaments, they began to notice several strikingly long jet systems.

"When we first found the giant jets, we were quite surprised," says Oei, who is also affiliated with Leiden Observatory in the Netherlands. "We had no idea that there were this many."

To systematically search for more hidden jets, the team inspected the radio images by eye, used machine-learning tools to scan the images for signs of the looming jets, and enlisted the help of citizen scientists around the globe to eyeball the images further. A paper describing their most recent batch of giant outflows, containing more than 8,000 jet pairs, has been accepted for publication in the journal Astronomy & Astrophysics.

Lurking in the Past

To find the galaxy from which Porphyrion originated, the team used the Giant Metrewave Radio Telescope(GMRT) in India along with ancillary data from a project called Dark Energy Spectroscopic Instrument(DESI), which operates from Kitt Peak National Observatory in Arizona. The observations pinpointed the home of the jets to a hefty galaxy about 10 times more massive than our Milky Way.




The team then used the W. M. Keck Observatory in Hawai'i to show that Porphyrion is 7.5 billion light-years from Earth. "Up until now, these giant jet systems appeared to be a phenomenon of the recent universe," Oei says. "If distant jets like these can reach the scale of the cosmic web, then every place in the universe may have been affected by black hole activity at some point in cosmic time," Oei says.

The observations from Keck also revealed that Porphyrion emerged from what is called a radiative-mode active black hole, as opposed to one that is in a jet-mode state. When supermassive black holes become active -- in other words, when their immense forces of gravity tug on and heat up surrounding material -- they are thought to either emit energy in the form of radiation or jets. Radiative-mode black holes were more common in the young, or distant, universe, while jet-mode ones are more common in the present-day universe.

The fact that Porphyrion came from a radiative-mode black hole came as a surprise because astronomers did not know this mode could produce such huge and powerful jets. What is more, because Porphyrion lies in the distant universe where radiative-mode black holes abound, the finding implies there may be a lot more colossal jets left to be found.

"We may be looking at the tip of the iceberg," Oei says. "Our LOFAR survey only covered 15 percent of the sky. And most of these giant jets are likely difficult to spot, so we believe there are many more of these behemoths out there."

Ongoing Mysteries

How the jets can extend so far beyond their host galaxies without destabilizing is still unclear. "Martijn's work has shown us that there isn't anything particularly special about the environments of these giant sources that causes them to reach those large sizes," says Hardcastle, who is an expert in the physics of black hole jets. "My interpretation is that we need an unusually long-lived and stable accretion event around the central, supermassive black hole to allow it to be active for so long -- about a billion years -- and to ensure that the jets keep pointing in the same direction over all of that time. What we're learning from the large number of giants is that this must be a relatively common occurrence."

As a next step, Oei wants to better understand how these megastructures influence their surroundings. The jets spread cosmic rays, heat, heavy atoms, and magnetic fields throughout the space between galaxies. Oei is specifically interested in finding out the extent to which giant jets spread magnetism. "The magnetism on our planet allows life to thrive, so we want to understand how it came to be," he says. "We know magnetism pervades the cosmic web, then makes its way into galaxies and stars, and eventually to planets, but the question is: Where does it start? Have these giant jets spread magnetism through the cosmos?"
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NASA's Webb provides another look into galactic collisions | ScienceDaily
Smile for the camera! An interaction between an elliptical galaxy and a spiral galaxy, collectively known as Arp 107, seems to have given the spiral a happier outlook thanks to the two bright "eyes" and the wide semicircular "smile." The region has been observed before in infrared by NASA's Spitzer Space Telescope in 2005, however NASA's James Webb Space Telescope displays it in much higher resolution. This image is a composite, combining observations from Webb's MIRI (Mid-Infrared Instrument) and NIRCam (Near-Infrared Camera).


						
NIRCam highlights the stars within both galaxies and reveals the connection between them: a transparent, white bridge of stars and gas pulled from both galaxies during their passage. MIRI data, represented in orange-red, shows star-forming regions and dust that is composed of soot-like organic molecules known as polycyclic aromatic hydrocarbons. MIRI also provides a snapshot of the bright nucleus of the large spiral, home to a supermassive black hole.

The spiral galaxy is classified as a Seyfert galaxy, one of the two largest groups of active galaxies, along with galaxies that host quasars. Seyfert galaxies aren't as luminous and distant as quasars, making them a more convenient way to study similar phenomena in lower energy light, like infrared.

This galaxy pair is similar to the Cartwheel Galaxy, one of the first interacting galaxies that Webb observed. Arp 107 may have turned out very similar in appearance to the Cartwheel, but since the smaller elliptical galaxy likely had an off-center collision instead of a direct hit, the spiral galaxy got away with only its spiral arms being disturbed.

The collision isn't as bad as it sounds. Although there was star formation occurring before, collisions between galaxies can compress gas, improving the conditions needed for more stars to form. On the other hand, as Webb reveals, collisions also disperse a lot of gas, potentially depriving new stars of the material they need to form.

Webb has captured these galaxies in the process of merging, which will take hundreds of millions of years. As the two galaxies rebuild after the chaos of their collision, Arp 107 may lose its smile, but it will inevitably turn into something just as interesting for future astronomers to study.

Arp 107 is located 465 million light-years from Earth in the constellation Leo Minor.
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Early dingoes are related to dogs from New Guinea and East Asia | ScienceDaily
New archaeological research by the University of Sydney has discovered for the first time clear links between fossils of the iconic Australian dingo, and dogs from East Asia and New Guinea.


						
The remarkable findings suggest that the dingo came from East Asia via Melanesia, and challenges previous claims that it derived from pariah dogs of India or Thailand.

Previous studies used traditional morphometric analysis -- which looks at the size and shape of the animal using callipers -- to trace the dingo's ancestry to South Asia.

However, the new study, published in Nature Scientific Reports, uses sophisticated 3D scanning and geometric morphometrics on ancient dingo specimens to show clearly that they are most similar to Japanese dogs, as well as the 'singing dogs' of New Guinea and the highland wild dog of Irian Jaya.

Dr Loukas Koungoulos, a research associate in the Discipline of Archaeology at the University of Sydney, said: "The origins of this controversial Australian native animal have been heavily debated for more than a century. Our research has found the elusive first links between fossil material that suggest dingoes have evolved locally from an East Asian dog-like ancestor."

Dr Koungoulos added: "The archaeological sites at Lake Mungo and Lake Milkengay hold some of the oldest evidence of dingoes in the whole of Australia. It is incredible to see how these remarkable animals have evolved over thousands of years and gives us a greater understanding of this uniquely Australian species."

The study team -- which included Associate Professor Melanie Fillios from the University of New England and Dr Ardern Hulme-Beaman from the University of Liverpool -- looked at the remains of ancient dingoes found at Lake Mungo and Lake Milkengay in western NSW.

Associate Professor Melanie Fillios said: "Our research underscores the antiquity of dingoes, pointing to a common ancestor between dingoes and the more recent canines in Southeast Asia."

In collaboration with the Willandra Lakes Region World Heritage Area Traditional Owners, the team used radiocarbon dating to discover that some remains were over 3,000 years old.

The team also found that modern-day dingoes have evolved to become larger and leaner, standing at an average of 54cm tall compared to between 40-47cm for their ancient ancestors -- a size much closer to their contemporary relatives in Southeast Asia and Melanesia.
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'Scuba-diving' lizards use bubble to breathe underwater and avoid predators | ScienceDaily
Presenting the world's smallest (and scrappiest) scuba diver: A species of semi-aquatic lizard produces a special bubble over its nostrils to breathe underwater and avoid predators, according to new research from Binghamton University, State University of New York.


						
Lindsey Swerk, an assistant research professor of biological sciences at Binghamton University, studies water anoles, a type of semi-aquatic lizard found in the tropical forests of southern Costa Rica. She had previously documented the lizards using a bubble underwater. When these lizards feel threatened by a predator, they dive underwater and breathe a bubble over their heads.

"We know that they can stay underwater for a really long time. We also know that they're pulling oxygen from this bubble of air," said Swierk. "We didn't know whether there was actually any functional role for this bubble in respiration. Is it something that lizards do that is just a side effect of their skin's properties or a respiratory reflex, or is this bubble actually allowing them to stay underwater longer than they would, say, without a bubble?"

To investigate whether the bubble serves a functional role in respiration or is merely a byproduct, Swierk applied a substance to the lizards' skin surface that would prevent bubble formation.

"Lizard skin is hydrophobic. Typically, that allows air to stick very tightly to the skin and permits this bubble to form. But when you cover the skin with an emollient, air no longer sticks to the skin surface, so the bubbles can't form," said Swierk.

Swierk recorded the number of bubbles that the lizards could produce and how long they could stay underwater, and compared them to lizards in a control group that were allowed to breathe normally. She found that the lizards in the control group could stay underwater 32% longer than those with impaired bubble formation.

"This is really significant because this is the first experiment that truly shows adaptive significance of bubbles. Rebreathing bubbles allow lizards to stay underwater longer. Before, we suspected it -- we saw a pattern -- but we didn't actually test if it served a functional role," said Swierk.




The study confirmed that the bubble helps lizards stay underwater for longer periods, providing them with a refuge from predators.

"Anoles are kind of like the chicken nuggets of the forest. Birds eat them, snakes eat them," said Swiek. "So by jumping in the water, they can escape a lot of their predators, and they remain very still underwater. They're pretty well camouflaged underwater as well, and they just stay underwater until that danger passes. We know that they can stay underwater at least about 20 minutes, but probably longer."

Going forward, Swierk wants to figure out whether lizards are using the bubble as something called a physical gill. A physical gill occurs in insects that use bubbles to breathe underwater. Insects have smaller oxygen requirements, and the amount of oxygen that diffuses from the water into the air of the bubble is enough to sustain them. Water anoles are likely too big to be supported merely by the oxygen that's diffusing into a bubble. One of Swierk's graduate students, Alexandra Martin, is testing whether a physical gill-type action is allowing lizards to spend even more time underwater by changing the oxygenation of the water and measuring its effects on lizards' dive time.

Swierk said that the research is exciting because scientists don't know much about vertebrate bubble use, which can open the door to bioinspired materials It's also just interesting to learn about a new animal behavior.

"I've had people talk to me about how much they love scuba diving and freediving, and how they're interested in how animals might do the same thing," said Swierk. "So there's a great opportunity to get people excited about science by having this relationship between what they love to do and what's evolved in nature. Even in animals that seem commonplace -- you're always finding new things."
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New results from the CMS experiment put W boson mass mystery to rest | ScienceDaily
After an unexpected measurement by the Collider Detector at Fermilab (CDF) experiment in 2022, physicists on the Compact Muon Solenoid experiment (CMS) at the Large Hadron Collider (LHC) announced today a new mass measurement of the W boson, one of nature's force-carrying particles. This new measurement, which is a first for the CMS experiment, uses a new technique that makes it the most elaborate investigation of the W boson's mass to date. Following nearly a decade of analysis, CMS has found that the W boson's mass is consistent with predictions, finally putting a multi-year long mystery to rest. View the paper posted.


						
The final analysis used 300 million events collected from the 2016 run of the LHC, and 4 billion simulated events. From this dataset, the team reconstructed and then measured the mass from more than 100 million W bosons. They found that the W boson's mass is 80 360.2 +- 9.9 megaelectron volts (MeV), which is consistent with the Standard Model's predictions of 80 357 +- 6 MeV. They also ran a separate analysis that cross-checks the theoretical assumptions.

"The new CMS result is unique because of its precision and the way we determined the uncertainties," said Patty McBride, a distinguished scientist at the U.S. Department of Energy's Fermi National Research Laboratory and the former CMS spokesperson. "We've learned a lot from CDF and the other experiments who have worked on the W boson mass question. We are standing on their shoulders, and this is one of the reasons why we are able to take this study a big step forward."

Since the W boson was discovered in 1983, physicists on 10 different experiments have measured its mass.

The W boson is one of the cornerstones of the Standard Model, the theoretical framework that describes nature at its most fundamental level. A precise understanding of the W boson's mass allows scientists to map the interplay of particles and forces, including the strength of the Higgs field and merger of electromagnetism with the weak force, which is responsible for radioactive decay.

"The entire universe is a delicate balancing act," said Anadi Canepa, deputy spokesperson of the CMS experiment and a senior scientist at Fermilab. "If the W mass is different from what we expect, there could be new particles or forces at play."

The new CMS measurement has a precision of 0.01%. This level of precision corresponds to measuring a 4-inch-long pencil to between 3.9996 and 4.0004 inches. But unlike pencils, the W boson is a fundamental particle with no physical volume and a mass that is less than a single atom of silver.




"This measurement is extremely difficult to make," Canepa added. "We need multiple measurements from multiple experiments to cross-check the value."

The CMS experiment is unique from the other experiments that have made this measurement because of its compact design, specialized sensors for fundamental particles called muons and an extremely strong solenoid magnet that bends the trajectories of charged particles as they move through the detector.

"We were able to do this effectively thanks to a combination of a larger data set, the experience we gained from an earlier W boson study, and the latest theoretical developments," Bendavid said. "This has allowed us to free ourselves from the Z boson as our reference point."

As part of this analysis, they also examined 100 million tracks from the decays of well-known particles to recalibrate a massive section of the CMS detector until it was an order of magnitude more precise.

"This new level of precision will allow us to tackle critical measurements, such as those involving the W, Z and Higgs bosons, with enhanced accuracy," Manca said.

The most challenging part of the analysis was its time intensiveness, since it required creating a novel analysis technique and developing an incredibly deep understanding of the CMS detector.

"I started this research as a summer student, and now I'm in my third year as a postdoc," Manca said. "It's a marathon, not a sprint."

The Compact Muon Solenoid (CMS) experiment is funded in part by the Department of Energy's Office of Science and the National Science Foundation. It is one of two large general-purpose experiments at the Large Hadron Collider (LHC) at CERN, the European Particle Physics Laboratory. 

Further information: Measurement of the W boson mass in proton-proton collisions at [?]s= 13 TeV
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Reducing smartphone use increases work satisfaction | ScienceDaily
The findings of the study are of particular interest to employers, who sometimes invest a lot of money to improve the work satisfaction and motivation of their employees. "These factors are crucial for a company's productivity," explains Julia Brailovskaia. With the current study results, the researchers have identified a simple and low-threshold solution to achieve these goals and to improve the mental health and work-life balance of employees at the same time.


						
A comparison of four groups

For their study, the researchers assigned the participants, who all came from different professional sectors, to four groups of roughly equal size. The smartphone group reduced their private smartphone use by one hour a day for one week. The sport group increased their daily physical activity by 30 minutes. The combination group did both, and the control group didn't change their routine at all.

All participants completed online questionnaires before these interventions, immediately afterwards and two weeks after the intervention period ended, providing information about their well-being, both with regard to work and mental health.

Depressive symptoms decreased

In the smartphone group and the combination group, the researchers found that work satisfaction and motivation, work-life balance and mental health had improved significantly. What's more, the feeling of work overload and symptoms of problematic smartphone use were significantly reduced. All interventions led to a reduction in depressive symptoms and they increased the participants' sense of control.

"A conscious and controlled reduction of non-work-related screen time, in combination with more physical activity, could improve employees' work satisfaction and mental health," concludes Julia Brailovskaia. The researcher believes that these interventions could either complement established training programs or serve as a stand-alone, time- and cost-efficient, low-threshold program.
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Moderate coffee and caffeine consumption is associated with lower risk of developing multiple cardiometabolic diseases, new study finds | ScienceDaily


						 Consuming moderate amounts of coffee and caffeine regularly may offer a protective effect against developing multiple cardiometabolic diseases, including type 2 diabetes, coronary heart disease and stroke, according to new research published in the Endocrine Society's Journal of Clinical Endocrinology & Metabolism.

Researchers found that regular coffee or caffeine intake, especially at moderate levels, was associated with a lower risk of new-onset cardiometabolic multimorbidity (CM), which refers to the coexistence of at least two cardiometabolic diseases.

The prevalence of individuals with multiple cardiometabolic diseases, or CM, is becoming an increasing public health concern as populations age around the world, notes the study.

Coffee and caffeine consumption could play an important protective role in almost all phases of CM development, researchers found.

"Consuming three cups of coffee, or 200-300 mg caffeine, per day might help to reduce the risk of developing cardiometabolic multimorbidity in individuals without any cardiometabolic disease," said the study's lead author Chaofu Ke, M.D., Ph.D., of the Department of Epidemiology and Biostatistics, School of Public Health at Suzhou Medical College of Soochow University, in Suzhou, China.

The study found that compared with non-consumers or consumers of less than 100mg caffeine per day, consumers of moderate amount of coffee (3 drinks per day) or caffeine (200-300 mg per day) had a 48.1% or 40.7% reduced risk for new-onset CM.

Ke and his colleagues based their findings on data from the UK Biobank, a large and detailed longitudinal dietary study with over 500,000 participants aged 37-73 years. The study excluded individuals who had ambiguous information on caffeine intake. The resulting pool of participants included a total of 172,315 individuals who were free of any cardiometabolic diseases at baseline for the analyses of caffeine, and a corresponding 188,091 individuals for the analyses of coffee and tea consumption.

The participants' cardiometabolic diseases outcomes were identified from self-reported medical conditions, primary care data, linked inpatient hospital data and death registry records linked to the UK Biobank.

Coffee and caffeine intake at all levels were inversely associated with the risk of new-onset CM in participants without cardiometabolic diseases. Those who reported moderate coffee or caffeine intake had the lowest risk, the study found. Moderate coffee or caffeine intake was inversely associated with almost all developmental stages of CM.

"The findings highlight that promoting moderate amounts of coffee or caffeine intake as a dietary habit to healthy people might have far-reaching benefits for the prevention of CM," Ke said.

Addressing a Research Gap

Numerous epidemiological studies have revealed the protective effects of coffee, tea and caffeine consumption on morbidity of single cardiometabolic diseases. However, the potential effects of these beverages on the development of CM were largely unknown.

The authors reviewed the available research on this topic and found people with single cardiometabolic disease may have a two-fold higher all-cause mortality risk than those free of any cardiometabolic diseases. By contrast, the researchers found individuals with CM may have an almost 4 to 7 times higher risk of all-cause mortality. The researchers also noted that CM may present higher risks of loss of physical function and mental stress than those with single diseases.

Other study authors include: Xujia Lu, Guochen Li, Luying Wu, Liping Shao, Yulong Fan, and Chen-Wei Pan of Soochow University; Xiaohong Zhu of Suzhou Centers for Disease Control and Prevention in Suzhou, China; Ying Wu of the Southern Medical University in Guangzhou, China; and Yan Borne of Lund University in Malmo, Sweden.

The National Natural Science Foundation of China, the Project of MOE Key Laboratory of Geriatric Diseases and Immunology, and the Research on Key Technologies for the Prevention and Control of Major Diseases and Infectious Diseases in Suzhou funded the study.
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A wobble from Mars could be sign of dark matter | ScienceDaily
In a new study, MIT physicists propose that if most of the dark matter in the universe is made up of microscopic primordial black holes -- an idea first proposed in the 1970s -- then these gravitational dwarfs should zoom through our solar system at least once per decade. A flyby like this, the researchers predict, would introduce a wobble into Mars' orbit, to a degree that today's technology could actually detect.


						
Such a detection could lend support to the idea that primordial black holes are a primary source of dark matter throughout the universe.

"Given decades of precision telemetry, scientists know the distance between Earth and Mars to an accuracy of about 10 centimeters," says study author David Kaiser, professor of physics and the Germeshausen Professor of the History of Science at MIT. "We're taking advantage of this highly instrumented region of space to try and look for a small effect. If we see it, that would count as a real reason to keep pursuing this delightful idea that all of dark matter consists of black holes that were spawned in less than a second after the Big Bang and have been streaming around the universe for 14 billion years."

Kaiser and his colleagues report their findings today in the journal Physical Review D. The study's co-authors are lead author Tung Tran '24, who is now a graduate student at Stanford University; Sarah Geller '12, SM '17, PhD '23, who is now a postdoc at the University of California at Santa Cruz; and MIT Pappalardo Fellow Benjamin Lehmann.

Beyond particles

Less than 20 percent of all physical matter is made from visible stuff, from stars and planets, to the kitchen sink. The rest is composed of dark matter, a hypothetical form of matter that is invisible across the entire electromagnetic spectrum yet is thought to pervade the universe and exert a gravitational force large enough to affect the motion of stars and galaxies.

Physicists have erected detectors on Earth to try and spot dark matter and pin down its properties. For the most part, these experiments assume that dark matter exists as a form of exotic particle that might scatter and decay into observable particles as it passes through a given experiment. But so far, such particle-based searches have come up empty.




In recent years, another possibility, first introduced in the 1970s, has regained traction: Rather than taking on a particle form, dark matter could exist as microscopic, primordial black holes that formed in the first moments following the Big Bang. Unlike the astrophysical black holes that form from the collapse of old stars, primordial black holes would have formed from the collapse of dense pockets of gas in the very early universe and would have scattered across the cosmos as the universe expanded and cooled.

These primordial black holes would have collapsed an enormous amount of mass into a tiny space. The majority of these primordial black holes could be as small as a single atom and as heavy as the largest asteroids. It would be conceivable, then, that such tiny giants could exert a gravitational force that could explain at least a portion of dark matter. For the MIT team, this possibility raised an initially frivolous question.

"I think someone asked me what would happen if a primordial black hole passed through a human body," recalls Tung, who did a quick pencil-and-paper calculation to find that if such a black hole zinged within 1 meter of a person, the force of the black hole would push the person 6 meters, or about 20 feet away in a single second. Tung also found that the odds were astronomically unlikely that a primordial black hole would pass anywhere near a person on Earth.

Their interest piqued, the researchers took Tung's calculations a step further, to estimate how a black hole flyby might affect much larger bodies such as the Earth and the moon.

"We extrapolated to see what would happen if a black hole flew by Earth and caused the moon to wobble by a little bit," Tung says. "The numbers we got were not very clear. There are many other dynamics in the solar system that could act as some sort of friction to cause the wobble to dampen out."

Close encounters

To get a clearer picture, the team generated a relatively simple simulation of the solar system that incorporates the orbits and gravitational interactions between all the planets, and some of the largest moons.




"State-of-the-art simulations of the solar system include more than a million objects, each of which has a tiny residual effect," Lehmann notes. "But even modeling two dozen objects in a careful simulation, we could see there was a real effect that we could dig into."

The team worked out the rate at which a primordial black hole should pass through the solar system, based on the amount of dark matter that is estimated to reside in a given region of space and the mass of a passing black hole, which in this case, they assumed to be as massive as the largest asteroids in the solar system, consistent with other astrophysical constraints.

"Primordial black holes do not live in the solar system. Rather, they're streaming through the universe, doing their own thing," says co-author Sarah Geller. "And the probability is, they're going through the inner solar system at some angle once every 10 years or so."

Given this rate, the researchers simulated various asteroid-mass black holes flying through the solar system, from various angles, and at velocities of about 150 miles per second. (The directions and speeds come from other studies of the distribution of dark matter throughout our galaxy.) They zeroed in on those flybys that appeared to be "close encounters," or instances that caused some sort of effect in surrounding objects. They quickly found that any effect in the Earth or the moon was too uncertain to pin to a particular black hole. But Mars seemed to offer a clearer picture.

The researchers found that if a primordial black hole were to pass within a few hundred million miles of Mars, the encounter would set off a "wobble," or a slight deviation in Mars' orbit. Within a few years of such an encounter, Mars' orbit should shift by about a meter -- an incredibly small wobble, given the planet is more than 140 million miles from Earth. And yet, this wobble could be detected by the various high-precision instruments that are monitoring Mars today.

If such a wobble were detected in the next couple of decades, the researchers acknowledge there would still be much work needed to confirm that the push came from a passing black hole rather than a run-of-the-mill asteroid.

"We need as much clarity as we can of the expected backgrounds, such as the typical speeds and distributions of boring space rocks, versus these primordial black holes," Kaiser notes. "Luckily for us, astronomers have been tracking ordinary space rocks for decades as they have flown through our solar system, so we could calculate typical properties of their trajectories and begin to compare them with the very different types of paths and speeds that primordial black holes should follow."

To help with this, the researchers are exploring the possibility of a new collaboration with a group that has extensive expertise simulating many more objects in the solar system.

"We are now working to simulate a huge number of objects, from planets to moons and rocks, and how they're all moving over long time scales," Geller says. "We want to inject close encounter scenarios, and look at their effects with higher precision."

This work was supported in part by the U.S. Department of Energy and the U.S. National Science Foundation, which includes an NSF Mathematical and Physical Sciences postdoctoral fellowship.
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More black holes than expected in the early universe | ScienceDaily
With the help of NASA's Hubble Space Telescope, an international team of researchers led by scientists in the Department of Astronomy at Stockholm University has found more black holes in the early universe than has previously been reported. The new result can help scientists understand how supermassive black holes were created.


						
Currently, scientists do not have a complete picture of how the first black holes formed not long after the big bang. It is known that supermassive black holes, that can weigh more than a billion suns, exist at the center of several galaxies less than a billion years after the big bang.

"Many of these objects seem to be more massive than we originally thought they could be at such early times -- either they formed very massive or they grew extremely quickly," said Alice Young, a PhD student from Stockholm University and co-author of the study published in The Astrophysical Journal Letters.

Black holes play an important role in the lifecycle of all galaxies, but there are major uncertainties in our understanding of how galaxies evolve. In order to gain a complete picture of the link between galaxy and black hole evolution, the researchers used Hubble to survey how many black holes exist among a population of faint galaxies when the universe was just a few percent of its current age.

Initial observations of the survey region were re-photographed by Hubble after several years. This allowed the team to measure variations in the brightness of galaxies. These variations are a telltale sign of black holes. The team identified more black holes than previously found by other methods.

The new observational results suggest that some black holes likely formed by the collapse of massive, pristine stars during the first billion years of cosmic time. These types of stars can only exist at very early times in the universe, because later-generation stars are polluted by the remnants of stars that have already lived and died. Other alternatives for black hole formation include collapsing gas clouds, mergers of stars in massive clusters, and "primordial" black holes that formed (by physically speculative mechanisms) in the first few seconds after the big bang. With this new information about black hole formation, more accurate models of galaxy formation can be constructed.

"The formation mechanism of early black holes is an important part of the puzzle of galaxy evolution," said Matthew Hayes from the Department of Astronomy at Stockholm University and lead author of the study. "Together with models for how black holes grow, galaxy evolution calculations can now be placed on a more physically motivated footing, with an accurate scheme for how black holes came into existence from collapsing massive stars."

Astronomers are also making observations with NASA's James Webb Space Telescope to search for galactic black holes that formed soon after the big bang, to understand how massive they were and where they were located.
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Beneath the brushstrokes, van Gogh's sky is alive with real-world physics | ScienceDaily
Vincent van Gogh's painting "The Starry Night" depicts a swirling blue sky with yellow moon and stars. The sky is an explosion of colors and shapes, each star encapsulated in ripples of yellow, gleaming with light like reflections on water.


						
Van Gogh's brushstrokes create an illusion of sky movement so convincing it led atmospheric scientists to wonder how closely it aligns with the physics of real skies. While the atmospheric motion in the painting cannot be measured, the brushstrokes can.

In an article published this week in Physics of Fluids, by AIP Publishing, researchers specializing in marine sciences and fluid dynamics in China and France analyzed van Gogh's painting to uncover what they call the hidden turbulence in the painter's depiction of the sky.

"The scale of the paint strokes played a crucial role," author Yongxiang Huang said. "With a high-resolution digital picture, we were able to measure precisely the typical size of the brushstrokes and compare these to the scales expected from turbulence theories."

To reveal hidden turbulence, the authors used brushstrokes in the painting like leaves swirling in a funnel of wind to examine the shape, energy, and scaling of atmospheric characteristics of the otherwise invisible atmosphere. They used the relative brightness, or luminance, of the varying paint colors as a stand-in for the kinetic energy of physical movement.

"It reveals a deep and intuitive understanding of natural phenomena," Huang said. "Van Gogh's precise representation of turbulence might be from studying the movement of clouds and the atmosphere or an innate sense of how to capture the dynamism of the sky."

Their study examined the spatial scale of the painting's 14 main whirling shapes to find out if they align with the cascading energy theory that describes the kinetic energy transfer from large- to small-scale turbulent flows in the atmosphere.




They discovered the overall picture aligns with Kolmogorov's law, which predicts atmospheric movement and scale according to measured inertial energy. Drilling down to the microcosm within the paint strokes themselves, where relative brightness is diffused throughout the canvas, the researchers discovered an alignment with Batchelor's scaling, which describes energy laws in small-scale, passive scalar turbulence following atmospheric movement.

Finding both scalings in one atmospheric system is rare, and it was a big driver for their research.

"Turbulence is believed to be one of the intrinsic properties of high Reynolds flows dominated by inertia, but recently, turbulence-like phenomena have been reported for different types of flow systems at a wide range of spatial scales, with low Reynolds numbers where viscosity is more dominant," Huang said.

"It seems it is time to propose a new definition of turbulence to embrace more situations."
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Researchers test ChatGPT, other AI models against real-world students | ScienceDaily
William Hersh, M.D., who has taught generations of medical and clinical informatics students at Oregon Health & Science University, found himself curious about the growing influence of artificial intelligence. He wondered how AI would perform in his own class.


						
So, he decided to try an experiment.

He tested six forms of generative, large-language AI models -- for example ChatGPT -- in an online version of his popular introductory course in biomedical and health informatics to see how they performed compared with living, thinking students. A study published in the journal npj Digital Medicine, revealed the answer: Better than as many as three-quarters of his human students.

"This does raise concern about cheating, but there is a larger issue here," Hersh said. "How do we know that our students are actually learning and mastering the knowledge and skills they need for their future professional work?"

As a professor of medical informatics and clinical epidemiology in the OHSU School of Medicine, Hersh is especially attuned to new technologies. The role of technology in education is nothing new, Hersh said, recalling his own experience as a high school student in the 1970s during the transition from slide rules to calculators.

Yet, the shift to generative AI represents an exponential leap forward.

"Clearly, everyone should have some kind of foundation of knowledge in their field," Hersh said. "What is the foundation of knowledge you expect people to have to be able to think critically?"

Large-language models




Hersh and co-author Kate Fultz Hollis, an OHSU informatician, pulled the knowledge assessment scores of 139 students who took the introductory course in biomedical and health informatics in 2023. They prompted six generative AI large language models with student assessment materials from the course. Depending on the model, AI scored in the top 50th to 75th percentile on multiple-choice questions that were used in quizzes and a final exam that required short written responses to questions.

"The results of this study raise significant questions for the future of student assessment in most, if not all, academic disciplines," the authors write.

The study is the first to compare large-language models to students for a full academic course in the biomedical field. Hersh and Fultz Hollis noted that a knowledge-based course such as this one may be especially ripe for generative, large-language models, in contrast to more participatory academic courses that help students develop more complex skills and abilities.

Hersh remembers his experience in medical school.

"When I was a medical student, one of my attending physicians told me I needed to have all the knowledge in my head," he said. "Even in the 1980s, that was a stretch. The knowledge base of medicine has long surpassed the capacity of the human brain to memorize it all."

Maintaining the human touch

Yet, he believes there's a fine line between making sensible use of technical resources to advance learning and over-reliance to the point that it inhibits learning. Ultimately, the goal of an academic health center like OHSU is to educate health care professionals capable of caring for patients and optimizing the use of data and information about them in the real world.




In that sense, he said, medicine will always require the human touch.

"There are a lot of things that health care professionals do that are pretty straightforward, but there are those instances where it gets more complicated and you have to make judgment calls," he said. "That's when it helps to have that broader perspective, without necessarily needing to have every last fact in your brain."

With fall classes starting soon, Hersh said he's not worried about cheating.

"I update the course each year," he said. "In any scientific field, there are new advancements all the time and large-language models aren't necessarily up to date on all of it. This just means we'll have to look at newer or more nuanced tests where you won't get the answer out of ChatGPT."
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How the brain changes during pregnancy | ScienceDaily
Pregnancy is a transformative time in a person's life where the body undergoes rapid physiological adaptations to prepare for motherhood -- that we all know. What has remained something of a mystery is what the sweeping hormonal shifts brought on by pregnancy are doing to the brain. Researchers in Professor Emily Jacobs' lab at UC Santa Barbara have shed light on this understudied area with the first-ever map of a human brain over the course of pregnancy.


						
"We wanted to look at the trajectory of brain changes specifically within the gestational window," said Laura Pritschet, lead author of a paper just published in Nature Neuroscience. Previous studies had taken snapshots of the brain before and after pregnancy, she said, but never have we witnessed the pregnant brain in the midst of this metamorphosis.

Following one first-time mother, the researchers scanned her brain every few weeks, starting before pregnancy and continuing through two years postpartum. The data, collected in collaboration with Elizabeth Chrastil's team at UC Irvine, reveal changes in the brain's gray and white matter across gestation, suggesting that the brain is capable of astonishing neuroplasticity well into adulthood.

Their precision imaging approach allowed them to capture dynamic brain reorganization in the participant in exquisite detail. This approach complements early studies that compared women's brains pre- and post-pregnancy. The authors noted, "our goal was to fill the gap and understand the neurobiological changes that happen during pregnancy itself."

Decrease in gray matter, increase in white matter

The most pronounced changes the scientists found as they imaged the subject's brain over time was a decrease in cortical gray matter volume, the wrinkly outer part of the brain. Gray matter volume decreased as hormone production ramped up during pregnancy. However, a decrease in gray matter volume is not necessarily a bad thing, the scientists emphasized. This change could indicate a "fine-tuning" of brain circuits, not unlike what happens to all young adults as they transition through puberty and their brains become more specialized. Pregnancy likely reflects another period of cortical refinement.

"Laura Pritschet and the study team were a tour de force, conducting a rigorous suite of analyses that generated new insights into the human brain and its incredible capacity for plasticity in adulthood," Jacobs said.




Less obvious but just as significant, the researchers found prominent increases in white matter, located deeper in the brain and generally responsible for facilitating communication between brain regions. While the decrease in gray matter persisted long after giving birth, the increase in white matter was transient, peaking in the second trimester and returning to pre-pregnancy levels around the time of birth. This type of effect had never been captured previously with before-and-after scans, according to the researchers, allowing for better estimation of just how dynamic the brain can be in a relatively short period of time.

"The maternal brain undergoes a choreographed change across gestation, and we are finally able to see it unfold," Jacobs said. These changes suggest that the adult brain is capable of undergoing an extended period of neuroplasticity, brain changes that may support behavioral adaptations tied to parenting.

"Eighty-five percent of women experience pregnancy one or more times over their lifetime, and around 140 million women are pregnant every year," said Pritschet, who hopes to "dispel the dogma" around the fragility of women during pregnancy. She argued that the neuroscience of pregnancy should not be viewed as a niche research topic, as the findings generated through this line of work will "deepen our overall understanding of the human brain, including its aging process."

The open-access dataset, available online, serves as a jumping-off point for future studies to understand whether the magnitude or pace of these brain changes hold clues about a woman's risk for postpartum depression, a neurological condition that affects roughly one in five women. "There are now FDA-approved treatments for postpartum depression," Pritschet said, "but early detection remains elusive. The more we learn about the maternal brain, the better chance we'll have to provide relief."

And that is just what the authors have set out to do. With support from the Ann S. Bowers Women's Brain Health Initiative, directed by Jacobs, their team is building on these early discoveries through the Maternal Brain Project. More women and their partners are being enrolled at UC Santa Barbara, UC Irvine, and through an international collaboration with researchers in Spain.

"Experts in neuroscience, reproductive immunology, proteomics, and AI are joining forces to learn more than ever about the maternal brain," Jacobs said. "Together, we have an opportunity to tackle some of the most pressing and least understood problems in women's health."
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Genomics reveals sled dogs' Siberian lineage | ScienceDaily
New research co-led by Cornell University examines thousands of years of Arctic sled dog ancestry and reveals when and how Siberian and Alaskan sled dogs' DNA mixed.


						
"There was a real concern from Siberian breeders -- who were mostly racing their dogs -- that they were sending out their dogs' DNA samples for analysis, more for the context of health traits, and they were getting breed ancestry information back that said their dog was not 100% Siberian husky," said Heather Huson, a former sled dog racer who is now associate professor of animal science at Cornell. "Many (ancestry tests) were saying the Siberian huskies were a certain percentage Alaskan husky or Alaskan sled dog.

The massive genomic survey of the Siberian husky has revealed that sled dogs descended from two distinct lineages of Arctic canids and originated in the northeastern Siberian Arctic generations earlier than previously thought. The study also showed that approximately half of all Siberian huskies bred for racing have introgression with European breeds.

Huson is co-corresponding author of "Comparative Population Genomics of Arctic Sled Dogs Reveals a Deep and Complex History," published in Genome Biology and Evolution. The other corresponding author is Tracy Smith, senior lecturer in the Department of Biological Sciences at the University of Maryland, Baltimore County (UMBC).

Huson said her team's findings on genomic history are an important tool in the effort to sustain ancient lineages, such as the Siberian husky, and their unique evolutionary identity.

"It was thought that there was this one Arctic lineage," Huson said, "but what we identified was that there are these two. One leads to our modern Siberian husky -- smaller body size and stature -- and the other one leads to this larger body size and to what we see now as Greenland sled dogs, and potentially the Alaskan malamutes."

Understanding the genomic history is essential, the authors wrote, for developing effective policies and best practices for breed management.




"The more genetic diversity you have, generally the better your genetic health," Huson said. "The slightly admixed racing Siberian huskies bring this genetic diversity to the population yet confound the original Arctic lineage which produced early Siberian huskies."

For their research, researchers collected and analyzed DNA samples (or genomic data) from 344 dogs -- mostly registered Siberian huskies but also Alaskan malamutes, Alaskan sled dogs, Chukotka sled dogs and one each of German shepherd, golden retriever, German shorthaired pointer, Samoyed and Saluki.

The researchers found that at least two distinct lineages of Arctic dogs existed in ancient Eurasia at the end of the Pleistocene era, which ended approximately 11,700 years ago. This finding pushes back significantly the origin of sled dogs in the northeast Siberian Arctic, "with humans likely intentionally selecting dogs to perform different functions," the authors wrote. That kept concurrent breeding populations relatively reproductively isolated.

This work was supported by funding from UMBC, Neogen Genomics and the Siberian Husky Club of America.
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Astronomers detect black hole 'starving' its host galaxy to death | ScienceDaily
Astronomers have used the NASA/ESA James Webb Space Telescope to confirm that supermassive black holes can starve their host galaxies of the fuel they need to form new stars.


						
The international team, co-led by the University of Cambridge, used Webb to observe a galaxy roughly the size of the Milky Way in the early universe, about two billion years after the Big Bang. Like most large galaxies, it has a supermassive black hole at its centre. However, this galaxy is essentially 'dead': it has mostly stopped forming new stars.

"Based on earlier observations, we knew this galaxy was in a quenched state: it's not forming many stars given its size, and we expect there is a link between the black hole and the end of star formation," said co-lead author Dr Francesco D'Eugenio from Cambridge's Kavli Institute for Cosmology. "However, until Webb, we haven't been able to study this galaxy in enough detail to confirm that link, and we haven't known whether this quenched state is temporary or permanent."

This galaxy, officially named GS-10578 but nicknamed 'Pablo's Galaxy' after the colleague who decided to observe it in detail, is massive for such an early period in the universe: its total mass is about 200 billion times the mass of our Sun, and most of its stars formed between 12.5 and 11.5 billion years ago.

"In the early universe, most galaxies are forming lots of stars, so it's interesting to see such a massive dead galaxy at this period in time," said co-author Professor Roberto Maiolino, also from the Kavli Institute for Cosmology. "If it had enough time to get to this massive size, whatever process that stopped star formation likely happened relatively quickly."

Using Webb, the researchers detected that this galaxy is expelling large amounts of gas at speeds of about 1,000 kilometres per second, which is fast enough to escape the galaxy's gravitational pull. These fast-moving winds are being 'pushed' out of the galaxy by the black hole.

Like other galaxies with accreting black holes, 'Pablo's Galaxy' has fast outflowing winds of hot gas, but these gas clouds are tenuous and have little mass. Webb detected the presence of a new wind component, which could not be seen with earlier telescopes. This gas is colder, which means it's denser and -- crucially -- does not emit any light. Webb, with its superior sensitivity, can see these dark gas clouds because they block some of the light from the galaxy behind them.




The mass of gas being ejected from the galaxy is greater than what the galaxy would require to keep forming new stars. In essence, the black hole is starving the galaxy to death. The results are reported in the journal Nature Astronomy.

"We found the culprit," said D'Eugenio. "The black hole is killing this galaxy and keeping it dormant, by cutting off the source of 'food' the galaxy needs to form new stars."

Although earlier theoretical models had predicted that black holes had this effect on galaxies, before Webb, it had not been possible to detect this effect directly.

Earlier models had predicted that the end of star formation has a violent, turbulent effect on galaxies, destroying their shape in the process. But the stars in this disc-shaped galaxy are still moving in an orderly way, suggesting that this is not always the case.

"We knew that black holes have a massive impact on galaxies, and perhaps it's common that they stop star formation, but until Webb, we weren't able to directly confirm this," said Maiolino. "It's yet another way that Webb is such a giant leap forward in terms of our ability to study the early universe and how it evolved."

New observations with the Atacama Large Millimeter-Submillimiter Array (ALMA), targeting the coldest, darkest gas components of the galaxy, will tell us more about if and where any fuel for star formation is still hidden in this galaxy, and what is the effect of the supermassive black hole in the region surrounding the galaxy.

The research was supported in part by the Royal Society, the European Union, the European Research Council, and the Science and Technology Facilities Council (STFC), part of UK Research and Innovation (UKRI).
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'Food theft' among seabirds could be transmission point for deadly avian flu | ScienceDaily
The deadly H5N1 avian influenza virus, which has killed millions of birds worldwide since 2021 -- and in rare cases can be transmitted to humans -- may be spread through the food-stealing behaviour of some seabirds.


						
A study published today in the journal Conservation Letters highlights food theft -- also known as 'kleptoparasitism', where some seabird species like frigatebirds and skuas force other birds to regurgitate their prey -- as a possible transmission path for the spread of avian flu.

Led by scientists from UNSW Sydney's Centre for Ecosystem Science and involving BirdLife International, Deakin University, and Monash University, the researchers analysed existing information about frigatebird and skua distribution, behaviour and movements, while searching through a global database for records of them contracting the virus. They also looked at the literature available to see which species of seabird the frigatebirds and skua target with kleptoparasitism.

Lead author Simon Gorta from UNSW Science says the study could provide a new focus in determining how and where the spread of the deadly virus may originate and how it could be transmitted among individuals, populations, and at the continental or ocean-basin scale.

"Understanding transmission is critical to monitoring and management efforts, particularly when at-risk species or regions are involved, and it's helpful to understand threats to other animals and people," says lead author Simon Gorta, a PhD student with UNSW.

"While the original H5N1 virus first emerged in 1996, the current 2.3.4.4b strain has spread far more than other strains, and is highly virulent, killing hundreds of thousands of wild seabirds since being first detected in 2021."

Previously restricted largely to Eurasia and Africa, the virus spread to North America in 2021 and South America in late 2022. It reached Antarctica in early 2024, and has been declared a panzootic -- a pandemic among animals.




Seabirds at risk and capable of transmitting the disease

Marine species, such as seabirds, have been particularly hard-hit by the panzootic.

"As one of the most threatened groups of birds on the planet, the fact that seabirds have proven to be particularly vulnerable to diseases like this is of great concern," says co-author A/Prof. Rohan Clarke from Monash University.

Co-author Professor Richard Kingsford says the seabirds are especially vulnerable because of the way they group when breeding.

"Transmission among seabirds is a real concern because of their close contact and potential contamination of communal resources on densely-packed breeding islands, as well as particular behaviours like predation and scavenging of infected individuals," he says.

But now the researchers say another behaviour may play an important role here: food theft or "kleptoparasitism." This is a widespread behaviour in seabirds, commonly practiced by frigatebirds and skuas which the researchers focused on in their study.




This process involves a kleptoparasitic bird stealing food from another bird by forcing it to regurgitate its prey. If the bird the kleptoparasite targets is infected, the regurgitated food item could be coated in saliva with a high viral load, which could then infect the kleptoparasite, which in turn could infect others.

The researchers highlighted that this pathway of transmission could lead to transmission of the disease into new populations, but could also be carried long distances if birds become infectious on migration.

"Many seabirds, including these kleptoparasitic species, cover tens of thousands of kilometres in their migrations," says Alex Berryman, Red List Officer for BirdLife International.

"If kleptoparasites become infected during these migrations and come into contact with other individuals in a way that can facilitate transmission soon after, the disease could spread into new, threatened, and previously unexposed populations and regions."

Early detection is key

While the H5N1 2.3.4.4b has not yet reached Australia, monitoring for early detection of the disease when it arrives -- rather than if -- is underway.

"Birds globally are already under greater threat than ever before -- it is critical the risk posed by bird flu is properly researched and managed," Mr Gorta says.

"We have identified that migratory kleptoparasites, alongside predatory and scavenging species, could be some of the first species to become infected when H5N1 reaches Australia."

These insights will contribute to the coordinated management of avian influenza in Australia, including the National Avian Influenza Wild Bird Surveillance Program.

The researchers say this is important for guiding Australia's preparedness for the arrival of the disease on its shores, including vulnerable subantarctic islands.
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Early dark energy could resolve cosmology's two biggest puzzles | ScienceDaily
A new study by MIT physicists proposes that a mysterious force known as early dark energy could solve two of the biggest puzzles in cosmology and fill in some major gaps in our understanding of how the early universe evolved.


						
One puzzle in question is the "Hubble tension," which refers to a mismatch in measurements of how fast the universe is expanding. The other involves observations of numerous early, bright galaxies that existed at a time when the early universe should have been much less populated.

Now, the MIT team has found that both puzzles could be resolved if the early universe had one extra, fleeting ingredient: early dark energy. Dark energy is an unknown form of energy that physicists suspect is driving the expansion of the universe today. Early dark energy is a similar, hypothetical phenomenon that may have made only a brief appearance, influencing the expansion of the universe in its first moments before disappearing entirely.

Some physicists have suspected that early dark energy could be the key to solving the Hubble tension, as the mysterious force could accelerate the early expansion of the universe by an amount that would resolve the measurement mismatch.

The MIT researchers have now found that early dark energy could also explain the baffling number of bright galaxies that astronomers have observed in the early universe. In their new study, reported in the Monthly Notices of the Royal Astronomical Society, the team modeled the formation of galaxies in the universe's first few hundred million years. When they incorporated a dark energy component only in that earliest sliver of time, they found the number of galaxies that arose from the primordial environment bloomed to fit astronomers' observations.

"You have these two looming open-ended puzzles," says study co-author Rohan Naidu, a postdoc in MIT's Kavli Institute for Astrophysics and Space Research. "We find that in fact, early dark energy is a very elegant and sparse solution to two of the most pressing problems in cosmology."

The study's co-authors include lead author and Kavli postdoc Xuejian (Jacob) Shen, and MIT professor of physics Mark Vogelsberger, along with Michael Boylan-Kolchin at the University of Texas at Austin, and Sandro Tacchella at the University of Cambridge.




Big city lights

Based on standard cosmological and galaxy formation models, the universe should have taken its time spinning up the first galaxies. It would have taken billions of years for primordial gas to coalesce into galaxies as large and bright as the Milky Way.

But in 2023, NASA's James Webb Space Telescope (JWST) made a startling observation. With an ability to peer farther back in time than any observatory to date, the telescope uncovered a surprising number of bright galaxies as large as the modern Milky Way within the first 500 million years, when the universe was just 3 percent of its current age.

"The bright galaxies that JWST saw would be like seeing a clustering of lights around big cities, whereas theory predicts something like the light around more rural settings like Yellowstone National Park," Shen says. "And we don't expect that clustering of light so early on."

For physicists, the observations imply that there is either something fundamentally wrong with the physics underlying the models or a missing ingredient in the early universe that scientists have not accounted for. The MIT team explored the possibility of the latter, and whether the missing ingredient might be early dark energy.

Physicists have proposed that early dark energy is a sort of antigravitational force that is turned on only at very early times. This force would counteract gravity's inward pull and accelerate the early expansion of the universe, in a way that would resolve the mismatch in measurements. Early dark energy, therefore, is considered the most likely solution to the Hubble tension.




Galaxy skeleton

The MIT team explored whether early dark energy could also be the key to explaining the unexpected population of large, bright galaxies detected by JWST. In their new study, the physicists considered how early dark energy might affect the early structure of the universe that gave rise to the first galaxies. They focused on the formation of dark matter halos -- regions of space where gravity happens to be stronger, and where matter begins to accumulate.

"We believe that dark matter halos are the invisible skeleton of the universe," Shen explains. "Dark matter structures form first, and then galaxies form within these structures. So, we expect the number of bright galaxies should be proportional to the number of big dark matter halos."

The team developed an empirical framework for early galaxy formation, which predicts the number, luminosity, and size of galaxies that should form in the early universe, given some measures of "cosmological parameters." Cosmological parameters are the basic ingredients, or mathematical terms, that describe the evolution of the universe.

Physicists have determined that there are at least six main cosmological parameters, one of which is the Hubble constant -- a term that describes the universe's rate of expansion. Other parameters describe density fluctuations in the primordial soup, immediately after the Big Bang, from which dark matter halos eventually form.

The MIT team reasoned that if early dark energy affects the universe's early expansion rate, in a way that resolves the Hubble tension, then it could affect the balance of the other cosmological parameters, in a way that might increase the number of bright galaxies that appear at early times. To test their theory, they incorporated a model of early dark energy (the same one that happens to resolve the Hubble tension) into an empirical galaxy formation framework to see how the earliest dark matter structures evolve and give rise to the first galaxies.

"What we show is, the skeletal structure of the early universe is altered in a subtle way where the amplitude of fluctuations goes up, and you get bigger halos, and brighter galaxies that are in place at earlier times, more so than in our more vanilla models," Naidu says. "It means things were more abundant, and more clustered in the early universe."

"A priori, I would not have expected the abundance of JWST's early bright galaxies to have anything to do with early dark energy, but their observation that EDE pushes cosmological parameters in a direction that boosts the early-galaxy abundance is interesting," says Marc Kamionkowski, professor of theoretical physics at Johns Hopkins University, who was not involved with the study. "I think more work will need to be done to establish a link between early galaxies and EDE, but regardless of how things turn out, it's a clever -- and hopefully ultimately fruitful -- thing to try."

"We demonstrated the potential of early dark energy as a unified solution to the two major issues faced by cosmology. This might be an evidence for its existence if the observational findings of JWST get further consolidated," Vogelsberger concludes. "In the future, we can incorporate this into large cosmological simulations to see what detailed predictions we get."

This research was supported, in part, by NASA and the National Science Foundation.
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Plant-derived secondary organic aerosols can act as mediators of plant-plant interactions | ScienceDaily

It is well known that plants release volatile organic compounds (VOCs) into the atmosphere when damaged by herbivores. These VOCs play a crucial role in plant-plant interactions, whereby undamaged plants may detect warning signals from their damaged neighbours and prepare their defences. "Reactive plant VOCs undergo oxidative chemical reactions, resulting in the formation of secondary organic aerosols (SOAs). We wondered whether the ecological functions mediated by VOCs persist after they are oxidated to form SOAs," said Dr. Hao Yu, formerly a PhD student at UEF, but now at the University of Bern.

The study showed that Scots pine seedlings, when damaged by large pine weevils, release VOCs that activate defences in nearby plants of the same species. Interestingly, the biological activity persisted after VOCs were oxidized to form SOAs. The results indicated that the elemental composition and quantity of SOAs likely determines their biological functions.

"A key novelty of the study is the finding that plants adopt subtly different defence strategies when receiving signals as VOCs or as SOAs, yet they exhibit similar degrees of resistance to herbivore feeding," said Professor James Blande, head of the Environmental Ecology Research Group. This observation opens up the possibility that plants have sophisticated sensing systems that enable them to tailor their defences to information derived from different types of chemical cue.

"Considering the formation rate of SOAs from their precursor VOCs, their longer lifetime compared to VOCs, and the atmospheric air mass transport, we expect that the ecologically effective distance for interactions mediated by SOAs is longer than that for plant interactions mediated by VOCs," said Professor Annele Virtanen, head of the Aerosol Physics Research Group. This could be interpreted as plants being able to detect cues representing close versus distant threats from herbivores.

The study is expected to open up a whole new complex research area to environmental ecologists and their collaborators, which could lead to new insights on the chemical cues structuring interactions between plants.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240913105324.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Towards the realization of compact and portable nuclear clocks | ScienceDaily
Scientists use atomic clocks to measure 'second,' the smallest standard unit of time, with great precision. These clocks use natural oscillations of electrons in atoms, similar to how pendulums work in old grandfather clocks. The quest for an even more precise timekeeper led to the discovery of nuclear clocks, which use the transitions of atomic nuclei instead of electrons to keep time.


						
A rising contender for the development of ultra-precise nuclear optical clocks is the nuclear first-excited state of 229Th isotope. Its long half-life of 103 seconds and low excitation energy of a few electron volts make it ideal for excitation by VUV lasers, providing a precise reference transition for nuclear clocks. Besides, nuclear clocks can also be used in compact solid-state metrology devices and fundamental physics research. To explore the potential application of 229Th isomer, it is essential to understand its fundamental properties like isomeric energy, half-life, and the dynamics of excitation and decay in detail.

Working in this direction, Assistant Professor Takahiro Hiraki from Okayama University, Japan and his team including Akihiro Yoshimi and Koji Yoshimura have developed an experimental setup to effectively assess the population of the 229Th isomeric state and detect its radiative decay. In their recent study published in Nature Communications on 16 July 2024, they synthesized 229Th-doped VUV transparent CaF2 crystals and demonstrated their ability to control 229Th isomeric state population using X-rays. "Our group is working on fundamental physics using atoms and lasers. To realize a solid-state nuclear clock using 229Th, it is necessary to control the excitation and de-excitation state of the nucleus. In this study, we successfully controlled the nuclear states using X-rays, bringing us one step closer to building a nuclear clock," stated Assistant Professor Hiraki while explaining the motivation behind their study.

To investigate the radiative decay (de-excitation), the team created excitation from the ground state of 229Th nucleus to an isomer state, via the second excited state using a resonant X-ray beam. They found that the doped 229Th nucleus underwent radiative decay back to the ground state, along with the emission of a VUV photon.

One of the key findings was the rapid decay of the isomer state when exposed to X-ray beam irradiation and the "X-ray quenching" effect, which allowed de-population of the isomer on demand. The researchers believe that this controlled quenching could advance nuclear clock development, alongside other potential applications, such as portable gravity sensors and higher precision GPS systems.

Emphasizing the potential of nuclear optical clocks, Assistant Professor Hiraki says, "When the nuclear clock under development is completed, it will enable us to test whether 'physical constants,' especially fine structure constant, which were previously believed to remain unchanged, might vary over time. If time variation of physical constants is observed, it may lead to the elucidation of dark energy, one of the greatest mysteries of the universe."
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Folded or cut, this lithium-sulfur battery keeps going | ScienceDaily
Most rechargeable batteries that power portable devices, such as toys, handheld vacuums and e-bikes, use lithium-ion technology. But these batteries can have short lifetimes and may catch fire when damaged. To address stability and safety issues, researchers reporting in ACS Energy Letters have designed a lithium-sulfur (Li-S) battery that features an improved iron sulfide cathode. One prototype remains highly stable over 300 charge-discharge cycles, and another provides power even after being folded or cut.


						
Sulfur has been suggested as a material for lithium-ion batteries because of its low cost and potential to hold more energy than lithium-metal oxides and other materials used in traditional ion-based versions. To make Li-S batteries stable at high temperatures, researchers have previously proposed using a carbonate-based electrolyte to separate the two electrodes (an iron sulfide cathode and a lithium metal-containing anode). However, as the sulfide in the cathode dissolves into the electrolyte, it forms an impenetrable precipitate, causing the cell to quickly lose capacity. Liping Wang and colleagues wondered if they could add a layer between the cathode and electrolyte to reduce this corrosion without reducing functionality and rechargeability.

The team coated iron sulfide cathodes in different polymers and found in initial electrochemical performance tests that polyacrylic acid (PAA) performed best, retaining the electrode's discharge capacity after 300 charge-discharge cycles. Next, the researchers incorporated a PAA-coated iron sulfide cathode into a prototype battery design, which also included a carbonate-based electrolyte, a lithium metal foil as an ion source, and a graphite-based anode. They produced and then tested both pouch cell and coin cell battery prototypes.

After more than 100 charge-discharge cycles, Wang and colleagues observed no substantial capacity decay in the pouch cell. Additional experiments showed that the pouch cell still worked after being folded and cut in half. The coin cell retained 72% of its capacity after 300 charge-discharge cycles. They next applied the polymer coating to cathodes made from other metals, creating lithium-molybdenum and lithium-vanadium batteries. These cells also had stable capacity over 300 charge-discharge cycles. Overall, the results indicate that coated cathodes could produce not only safer Li-S batteries with long lifespans, but also efficient batteries with other metal sulfides, according to Wang's team.

The authors acknowledge funding from the National Natural Science Foundation of China; the Natural Science Foundation of Sichuan, China; and the Beijing National Laboratory for Condensed Matter Physics.
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Bacteria work together to thrive in difficult conditions | ScienceDaily
Though a founding concept of ecology suggests that the physical environment determines where organisms can survive, modern scientists have suspected there is more to the story of how microbial communities form in the soil.


						
In a new study, researchers have determined through both statistical analysis and in experiments that soil pH is a driver of microbial community composition -- but that the need to address toxicity released during nitrogen cycling ultimately shapes the final microbial community.

"The physical environment is affecting the nature of microbial interactions, and that affects the assembly of the community," said co-lead author Karna Gowda, assistant professor of microbiology at The Ohio State University. "People in the field understood these two things must be important at some level, but there wasn't a lot of evidence for it. We're adding some specificity and mechanisms to this idea."

The work helps clarify the microbial underpinnings of global nitrogen cycling and may provide a new way to think about emissions of nitrous oxide, a potent greenhouse gas, Gowda said.

The research was published recently in Nature Microbiology.

Microbes keep soil healthy and productive by recycling nutrients, and are particularly important for converting nitrogen into forms that plants can use. Underground organisms living in the same environment are also highly interconnected, preying on each other, participating in chemical exchanges and providing community benefits.

For this work, Gowda and colleagues used a dataset from a worldwide collection of topsoil samples, sequencing the genomes of microbes present in the samples and analyzing important characteristics of the soil -- such as nitrogen and carbon content and pH, a measure of soil's acidity.




"We wanted to look at trends that were widespread and that would manifest around the planet across very different environments," Gowda said.

With billions of bacteria present in a sample of soil, the researchers relied on the genetic makeup of microbial communities to determine their functional roles.

The team zeroed in on genes that identified which bacteria were involved in denitrification -- converting nitrogen compounds from bioavailable forms into nitrous oxide and dinitrogen gas that's released in the atmosphere. A bioinformatics analysis showed that soil pH was the most important environmental factor associated with the abundance of these organisms.

To test the statistical finding, the researchers conducted lab enrichment experiments, running a natural microbial community through different conditions of growth.

During denitrification, specific enzymes have roles in the conversion of nitrate into various nitrogen-containing compounds. One of these forms, nitrite, is more toxic in acidic soil (low pH) than it is under neutral conditions with higher pH.

The experiments showed that strains with enzymes called Nar, linked to creating toxic nitrite, and strains with enzymes called Nap, linked to consuming nitrite, fluctuated based on the acidity of the soil.




"We found more of Nar at low pH and less of Nap, and vice versa as the soil pH moved toward neutral," Gowda said. "So we see two different types of organisms prevalent at acidic versus neutral pH, but we also find that that's actually not explaining what's going on. It's not just the environment that's determining who's there -- it's actually the environment plus interactions between more organisms in the community.

"This means that pH is affecting the interaction between organisms in the community in a more or less consistent way -- it's always about the toxicity of nitrite. And this highlights how different bacteria work together to thrive in varying soil pH levels."

That finding was novel and important, Gowda said. Bacteria and other microorganisms are known to be driven by a will to survive, but they also rely on each other to stay safe -- and that cooperation has implications for environmental health, the research suggests.

"While individual fitness effects clearly play a role in defining patterns in many contexts, interactions are likely essential to explaining patterns in a variety of other contexts," the authors wrote.

Understanding how interactions and the environment affect nitrous oxide emissions could provide new insights into reducing this potent greenhouse gas, Gowda said: Denitrifying bacteria are key sources and sinks of nitrous oxide in agricultural soils. While past studies have focused on the behavior of these nitrous oxide-emitting organisms in different pH conditions, considering their ecological interactions may offer new strategies to lower emissions.

This work was supported by the National Science Foundation, the University of Chicago, the National Institute of General Medical Sciences, a James S. McDonnell Foundation Postdoctoral Fellowship Award, and a Fannie and John Hertz Fellowship Award.

Co-authors include Seppe Kuehn, Kyle Crocker, Kiseok Keith Lee, Milena Chakraverti-Wuerthwein and Zeqian Li of the University of Chicago; Mikhail Tikhonov of Washington University in St. Louis; and Madhav Mani of Northwestern University.
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Ignore antifungal resistance in fungal disease at your peril, warn top scientists | ScienceDaily
Without immediate action, humanity will potentially face further escalation in resistance in fungal disease, a group of scientists from the across the world has warned. The commentary -- published in The Lancet this week -- was coordinated by scientists at The University of Manchester, the Westerdijk Institute and the University of Amsterdam. According to the scientists most fungal pathogens identified by the World Health Organisation -- accounting for around 3.8 million deaths a year -- are either already resistant or rapidly acquiring resistance to antifungal drugs.


						
The authors argue that the currently narrow focus on bacteria will not fully combat antimicrobial resistance (AMR). September's United Nations meeting on antimicrobial resistance (AMR) must, they demand, include resistance developed in many fungal pathogens.

Devastating health impacts

Resistance is nowadays the rule rather than the exception for the four currently available antifungal classes, making it difficult -- if not impossible -- to treat many invasive fungal infections. Fungicide resistant infections include Aspergillus, Candida, Nakaseomyces glabratus, and Trichophyton indotineae, all of which can have devastating health impacts on older or immunocompromised people.

Dr Norman van Rhijn from The University of Manchester coordinated the comment with Professor Ferry Hagen from the University of Amsterdam and the Westerdijk Institute in the Netherlands.

Dr van Rhijn said: "Most people agree that resistant bacterial infections constitute a significant part of the AMR problem. However many drug resistance problems over the past decades have also been the result of invasive fungal diseases largely underrecognized by scientists, governments, clinicians and pharmaceutical companies. The threat of fungal pathogens and antifungal resistance, even though it is a growing global issue, is being left out of the debate."

Unlike bacteria, the close similarities between fungal and human cells which, say the experts, means it is hard to find treatments that selectively inhibit fungi with minimal toxicity to patients.

Back to square one

Professor Ferry Hagen added: "Despite the huge difficulties in developing them, several promising new agents including entirely new classes of molecules, have entered clinical trials in recent years. But even before they reach the market after years of development, fungicides with similar modes of action are developed by the agrochemical industry resulting in cross-resistance. That sets us back to square one again. It is true many essential crops are affected by fungi, so antifungal protection is required for food security. But the question is, at what price?"

The scientists recommend:
    	Worldwide agreement on restricting the use of certain classes of antifungal molecules for specific applications.
    	Collaboration on solutions and regulations that ensure food security and universal health for animals, plants, and humans.
    	Adding priority to AMR to fungal infections at the UN's meeting in September.
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Huge gamma-ray burst collection 'rivals 250-year-old Messier catalog' | ScienceDaily
Hundreds of gamma-ray bursts (GRBs) have been recorded as part of an enormous global effort so extensive it "rivals the catalogue of deep-sky objects created by Messier 250 years ago," astronomers say.


						
GRBs are the most violent explosions in the Universe, releasing more energy than the Sun would in 10 billion years. They occur when either a massive star dies or two neutron stars merge.

The explosions are so formidable that if one were to erupt within a distance of 1,000 light-years from Earth -- which is predicted to happen every 500 million years -- the blast of radiation could damage our ozone layer and have devastating consequences for life. However, the chances of such an event occurring any time soon are extremely low.

First observed almost six decades ago, GRBs also have the potential to help us better understand the history of our Universe, from its earliest stars to how it looks today.

The latest research recorded 535 GRBs -- the nearest of which was 77 million light-years from Earth -- from 455 telescopes and instruments across the world.

It was led by Professor Maria Giovanna Dainotti, of the National Astronomical Observatory of Japan, and has been published today in the Monthly Notices of the Royal Astronomical Society.

The researchers likened their collection to the 110 deep-sky objects catalogued by the French astronomer Charles Messier in the 18th century. To this day the catalogue continues to provide astronomers -- both professional and amateur -- with a range of easy-to-find objects in the night sky.




"Our research enhances our understanding of these enigmatic cosmic explosions and showcases the collaborative effort across nations," said Professor Dainotti.

"The result is a catalogue akin to the one created by Messier 250 years ago, which classified deep-sky objects observable at that time."

It has been hailed by co-author Professor Alan Watson, of the National Autonomous University of Mexico, as a "great resource" that could help "push the frontiers of our knowledge forward."

Professors Watson and Dainotti were part of a team of more than 50 scientists who meticulously studied how GRB light reaches Earth over several weeks and, in some cases, even months after the explosion. The result, they say, is the largest catalogue ever assembled of GRBs observed in optical wavelengths with measured distances.

It includes 64,813 photometric observations collected over 26 years, with notable contributions from the Swift satellites, the RATIR camera, and the Subaru Telescope.

What the team found particularly interesting about their findings was that nearly a third of the GRBs recorded (28 per cent) did not change or evolve as the light from the explosions travelled across the cosmos.




Co-author Dr Rosa Becerra, of the University of Tor Vergata in Rome, said this suggests that some of the most recent GRBs behave in exactly the same way as those which occurred billions of years ago.

Such a finding is at odds with the big picture commonly seen in the Universe, where objects have continuously evolved from the Big Bang.

Professor Dainotti added: "This phenomenon could indicate a very peculiar mechanism for how these explosions occur, suggesting that the stars linked to GRBs are more primitive than those born more recently.

"However, this hypothesis still needs more investigation."

On the other hand, for the few GRBs where this optical evolution matches the X-ray evolution, a more straightforward explanation is possible.

"Specifically, we are observing an expanding plasma composed of electrons and positrons that cools over time, and like a hot iron rod radiating redder and redder light as it cools, we do see a transition of the emission mechanism," said fellow researcher Professor Bruce Gendre, of the University of the Virgin Islands.

"In this case, this mechanism may be linked to the magnetic energy that powers these phenomena."

The researchers now want the astronomical community to help expand their GRB compilation further. They have made the data accessible through a user-friendly web app and have called on their peers to add to it, ideally by sharing findings in the same format.

"Adopting a standardised format and units, potentially linked to the International Virtual Observatory Alliance protocols, will enhance the consistency and accessibility of the data in this field," Professor Gendre said.

"Once the data are secured, additional population studies will be conducted, triggering new discoveries based on the statistical analysis of the current work."
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Targeted immune intervention and stopping ART in model of SIV infection leads to control of viral replication and reservoirs | ScienceDaily
Emory researchers are the first to show unprecedented control of SIV replication and decay of viral reservoirs by combining a stringent model of infection with the interruption of antiretroviral therapy (ART). The success of this immune-based approach follows the research team's identification of the mechanisms of action for PD1 and IL-10, molecules known to regulate HIV persistence and immune dysfunction.


						
The study results are reported today in Nature Immunology.

"This is a major advancement in the fight to reach an HIV cure, which will improve life for the 39 million people who live with the disease," says Rafick Sekaly, PhD, lead investigator of the R37 grant that funded this study and co-director of a Martin Delaney Collaboratory for HIV Cure Research, "Reversing Immune Dysfunction for HIV-1 Eradication" (the RID HIV Collaboratory). "Our work on PD1 and IL-10 that started more than 15 years ago led us to develop this in vivo intervention in nonhuman primates (NHPs). Having this increased understanding of PD1 and IL-10 will facilitate our team developing improved approaches to restore a deficient immune system, bolster immune interventions to improve control of chronic infections and even offer hope to better treat certain cancers," he continues. Sekaly is also professor and vice-chair of translational medicine in the Department of Pathology at the Emory School of Medicine, a Georgia Research Alliance eminent scholar and a member of the Cancer Immunology Research Program at Winship Cancer Institute.

Critical to better understanding PD1 and IL-10 was the NHP component of this study, which included 28 ART-treated, SIV-infected rhesus macaques, an animal model highly characterized for SIV infection. Mirko Paiardini, PhD, and Zachary Strongin led the research to develop the stringent model of HIV/SIV infection, ART-treatment and immune-based intervention of anti-IL-10, a combination of anti-IL-10 plus anti-PD-1 or a placebo. After 14 months of ART, the researchers started the animals on immunotherapy treatment. Twelve weeks later, the researchers continued the immunotherapy, but stopped ART. Nine of the ten monkeys that received the combination treatment showed durable control of viral rebound that lasted for six months.

Paiardini also co-leads and serves as contact principal investigator for a Martin Delaney Collaboratory, the "Enterprise for Research & Advocacy to Stop & Eradicate HIV" (the ERASE HIV Collaboratory), which is the only one researchers at a National Primate Research Center (NPRC) are leading. In addition, Paiardini is Microbiology and Immunology division chief at the Emory NPRC, a professor of Pathology and Laboratory Medicine at the Emory School of Medicine and co-director of the Next Generation Therapeutics Scientific Working Group at the Emory Center for AIDS Research.

Strongin is senior scientist, Discovery Immunology at Merck and a former graduate student in the Paiardini lab. Merck, the industry partner for both the RID HIV and the ERASE HIV Collaboratories, developed reagents specifically designed to target PD1 and IL10 molecules in nonhuman primate models.

Bonnie Howell, PhD, vice president and global head of quantitative biosciences & nonclinical pharmacology at Merck & Co., Inc. says, "Merck remains committed to supporting HIV research and translating concepts into lifesaving products, including those with the potential to prevent, treat and cure HIV."

Sekaly credits the research collaboration between academia and industry, and the expertise of each team member, as the cornerstones of this study: "The scientific collaboration among RID HIV, ERASE HIV and Merck colleagues that led to the unmatched results of this study exemplifies the goal of the Martin Delaney Collaboratories -- to expedite HIV cure research by bringing together researchers to share resources, data and methodologies."




First author Susan Ribeiro, PhD, and her bioinformatics team, including Khader Ghneim, MS, and Felipe ten Caten, PhD, used their methodology expertise to develop a unique systems biology platform that enabled the research team to mine all facets and cells of the immune response. That comprehensive approach facilitated the team's identification of novel immune based mechanisms that underlie the unprecedented level of viral control the researchers discovered. Ribeiro is assistant professor in the Pathology Advanced Translational Research Unit (PATRU) in the Emory School of Medicine Department of Pathology & Laboratory Medicine, Ghneim is director of projects for PATRU, and ten Caten is a bioinformatician at PATRU.

According to Sekaly and Paiardini, most studies that have tested immune-based approaches toward an HIV cure have been descriptive without providing mechanisms that can explain the success or failure of interventions. With the depth of expertise on the team, the researchers were able to approach this study differently, taking time to identify molecular mechanisms of action, which will be foundational information the team can apply toward more cure studies and immune interventions.

The research team is already making plans for future studies, including further understanding several pathways the researchers identified in this study. These include innate immune, metabolic and epigenetic pathways and combinations thereof that are associated with controlling the virus after ending treatment. The team intends to develop and test interventions to induce an immune response capable of intercepting rebounding virus and providing long-term control of HIV and SIV when ART is discontinued.
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Discovery could lead to longer-lasting EV batteries, hasten energy transition | ScienceDaily
Batteries lose capacity over time, which is why older cellphones run out of power more quickly. This common phenomenon, however, is not completely understood.


						
Now, an international team of researchers, led by an engineer at the University of Colorado Boulder, has revealed the underlying mechanism behind such battery degradation. Their discovery could help scientists to develop better batteries, which would allow electric vehicles to run farther and last longer, while also advancing energy storage technologies that would accelerate the transition to clean energy.

The findings were published September 12 in the journal Science.

"We are helping to advance lithium-ion batteries by figuring out the molecular level processes involved in their degradation," said Michael Toney, the paper's corresponding author and a professor in the Department of Chemical and Biological Engineering. "Having a better battery is very important in shifting our energy infrastructure away from fossil fuels to more renewable energy sources."

Engineers have been working for years on designing lithium-ion batteries -- the most common type of rechargeable batteries -- without cobalt. Cobalt is an expensive rare mineral, and its mining process has been linked to grave environmental and human rights concerns. In the Democratic Republic of Congo, which supplies more than half of the world's cobalt, many miners are children.

So far, scientists have tried to use other elements such as nickel and magnesium to replace cobalt in lithium-ion batteries. But these batteries have even higher rates of self-discharge, which is when the battery's internal chemical reactions reduce stored energy and degrade its capacity over time. Because of self-discharge, most EV batteries have a lifespan of seven to 10 years before they need to be replaced.

Toney, who is also a fellow of the Renewable and Sustainable Energy Institute, and his team set out to investigate the cause of self-discharge. In a typical lithium-ion battery, lithium ions, which carry charges, move from one side of the battery, called the anode, to the other side, called the cathode, through a medium called an electrolyte. During this process, the flow of these charged ions forms an electric current that powers electronic devices. Charging the battery reverses the flow of the charged ions and returns them to the anode.




Previously, scientists thought batteries self-discharge because not all lithium ions return to the anode when charging, reducing the number of charged ions available to form the current and provide power.

Using the Advanced Photon Source, a powerful X-ray machine, at the U.S. Department of Energy's Argonne National Laboratory in Illinois, the research team discovered that hydrogen molecules from the battery's electrolyte would move to cathode and take the spots that lithium ions normally bind to. As a result, lithium ions have fewer places to bind to on the cathode, weakening the electric current and decreasing the battery's capacity.

Transportation is the single largest source of greenhouse gases generated in the U.S, accounting for 28% of the country's emissions in 2021. In an effort to reduce emissions, many automakers have committed to moving away from developing gasoline cars to produce more EVs instead. But EV manufacturers face a host of challenges, including limited driving range, higher production costs and shorter battery lifespan than conventional vehicles. In the U.S. market, a typical all-electric car can run about 250 miles in a single charge, about 60% that of a gasoline car. The new study has the potential to address all of these issues, Toney said.

"All consumers want cars with a large driving range. Some of these low cobalt-containing batteries can potentially provide a higher driving range, but we also need to make sure they don't fall apart in a short period of time," he said, noting that reducing cobalt can also reduce costs and address human rights and energy justice concerns.

With a better understanding of the self-discharge mechanism, engineers can explore a few ways to prevent the process, such as coating the cathode with a special material to block hydrogen molecules or using a different electrolyte.

"Now that we understand what is causing batteries to degrade, we can inform the battery chemistry community on what needs to be improved when designing in batteries," Toney said.
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New study reveals food waste bans ineffective in reducing landfill waste, except in Massachusetts | ScienceDaily
Of the first five U.S. states to implement food waste bans, only Massachusetts was successful at diverting waste away from landfills and incinerators, according to a new study from the University of California Rady School of Management.


						
The paper, published today in Science, suggests a need to reevaluate current strategies, citing Massachusetts' approach as a benchmark for effective policy implementation.

Between 2014 and 2024, nine U.S. states made it unlawful for commercial waste generators -- such as grocery chains -- to dispose of their food waste in landfills, expecting a 10-15% waste reduction.

"We can say with high confidence that the combination of waste bans did not reduce landfilled waste by more than 3%, and that is including Massachusetts, which successfully reduced landfilled waste by 7% -- gradually achieving a 13.2% reduction," said Robert Evan Sanders, assistant professor of marketing at the Rady School of Management and coauthor of the paper. "Essentially, the data suggest that in four out of the five states we studied, these laws did nothing to reduce waste."

Fiorentia Anglou, coauthor of the paper, who conducted the research while earning a PhD at the University of Texas at Austin's McCombs School of Business added, "With food waste around the globe contributing 8 to 10% of greenhouse gas emissions, we certainly don't think states should abandon these laws, but more action needs to be taken to make them effective."

The authors of the paper compiled a comprehensive waste dataset covering 36 U.S. states between 1996 and 2019 to evaluate the first five implemented at the state level: California, Connecticut, Rhode Island, Vermont, and Massachusetts.

The researchers point to three distinctive features in the Massachusetts food waste ban law that when combined, likely help make it effective. They include:
    	Best composting infrastructure network. The state has the most food waste processing facilities per every 1,000 square miles in the state.
    	The simplest language: The law in Massachusetts is the easiest to understand, with the least number of exceptions and exemptions.
    	Enforcement: Massachusetts had more than triple the number of inspections per generator per year than the next nearest state, Vermont. And there was almost no enforcement -- either in inspections or fines -- in the other states.

The authors used a variant of the synthetic control method, which is used by economists and data scientists to evaluate government policy changes. The authors compared each state that adopted the ban to similar states that did not implement a waste ban. And they were able to project how much waste would have gone to landfills had California, Connecticut, Rhode Island, Vermont and Massachusetts not implemented waste bans.




"With most of these laws, about 70% of commercial organic waste would have been illegal to send to landfills," said Ioannis Stamatopoulos, coauthor of the paper and associate professor at UT Austin's McCombs School of Business. "If you take all that organic waste out of landfills, it should reduce the amount of waste that's going into landfills by 10% in some cases, and that should have been something we were able to see in the data but did not."

The researchers used data fromenvironmental state agencies of in 36 states, covering the waste produced by 274 million Americans -- or 85% of the U.S. population. Though some states provide the data on their websites, most of it was collected manually over the course of a year from public records requests and contacting state agencies.

"Our findings indicate that simply implementing a food waste ban is not enough to achieve significant reductions in landfill waste," the authors note. "Massachusetts has shown that with the right combination of comprehensive coverage and effective enforcement, these bans can work. It's crucial for other states to learn from this model and adapt their policies accordingly to meet environmental targets and reduce greenhouse gas emissions."

They added that California has taken a step in the right direction with the passage of SB 1383 in 2022, which requires every jurisdiction to provide organic waste collection services to all residents and businesses.
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How El Nino and mega ocean warming caused the greatest-ever mass extinction | ScienceDaily
Mega ocean warming El Nino events were key in driving the largest extinction of life on planet Earth some 252 million years ago, according to new research.


						
The study, published today in Science and co-led by the University of Bristol and China University of Geosciences (Wuhan), has shed new light on why the effects of rapid climate change in the Permian-Triassic warming were so devastating for all forms of life in the sea and on land.

Scientists have long linked this mass extinction to vast volcanic eruptions in what is now Siberia. The resulting carbon dioxide emissions rapidly accelerated climate warming, resulting in widespread stagnation and the collapse of marine and terrestrial ecosystems.

But what caused life on land, including plants and usually resilient insects, to suffer just as badly has remained a source of mystery.

Co-lead author Dr Alexander Farnsworth, Senior Research Associate at the University of Bristol, said: "Climate warming alone cannot drive such devastating extinctions because, as we are seeing today, when the tropics become too hot, species migrate to the cooler, higher latitudes. Our research has revealed that increased greenhouse gases don't just make the majority of the planet warmer, they also increase weather and climate variability making it even more 'wild' and difficult for life to survive."

The Permian-Triassic catastrophe shows the problem of global warming is not just a matter of it becoming unbearably hot, but also a case of conditions swinging wildly over decades.

"Most life failed to adapt to these conditions, but thankfully a few things survived, without which we wouldn't be here today. It was nearly, but not quite, the end of the life on Earth," said co-lead author Professor Yadong Sun at China University of Geosciences, Wuhan.

The scale of Permian-Triassic warming was revealed by studying oxygen isotopes in the fossilised tooth material of tiny extinct swimming organisms called conodonts. By studying the temperature record of conodonts from around the world, the researchers were able to show a remarkable collapse of temperature gradients in the low and mid latitudes.




Dr Farnsworth, who used pioneering climate modelling to evaluate the findings, said: "Essentially, it got too hot everywhere. The changes responsible for the climate patterns identified were profound because there were much more intense and prolonged El Nino events than witnessed today. Species were simply not equipped to adapt or evolve quickly enough."

In recent years El Nino events have caused major changes in rainfall patterns and temperature. For example, the weather extremes that caused the June 2024 North American heatwave when temperatures were around 15degC hotter than normal. 2023-2024 was also one of the hottest years on record globally due to a strong El Nino in the Pacific, which was further exacerbated by increased human-induced CO2 driving catastrophic drought and fires around the world.

"Fortunately such events so far have only lasted one to two years at a time. During the Permian-Triassic crisis, El Nino persisted for much longer resulting in a decade of widespread drought, followed by years of flooding. Basically, the climate was all over the place and that makes it very hard for any species to adapt," co-author Paul Wignall, Professor of Palaeoenvironments at the University of Leeds.

The results of the climate modelling also help explain the abundant charcoal found in rock layers of that age.

"Wildfires become very common if you have a drought-prone climate. Earth got stuck in a crisis state where the land was burning and the oceans stagnating. There was nowhere to hide," added co-author Professor David Bond, a palaeontologist at the University of Hull.

The researchers observed that throughout Earth's history there have been many volcanic events similar to those in Siberia, and many caused extinctions, but none led to a crisis of the scale of the Permian-Triassic event.




They found Permian-Triassic extinction was so different because these Mega-El Ninos created positive feedback on the climate which led to incredibly warm conditions starting in the tropics and then beyond, resulting in the dieback of vegetation. Plants are essential for removing CO2 from the atmosphere, as well as the foundation of the food web, and if they die so does one of the Earth's mechanisms to stop CO2 building up in the atmosphere as a result of continued volcanism.

This also helps explain the conundrum regarding the Permian-Triassic mass extinction whereby the extinction on land occurred tens of thousands of years before extinction in the oceans.

"Whilst the oceans were initially shielded from the temperature rises, the mega-El Nino's caused temperatures on land to exceed most species thermal tolerances at rates so rapid that they could not adapt in time," explained Dr Sun.

"Only species that could migrate quickly could survive, and there weren't many plants or animals that could do that."

Mass extinctions, although rare, are the heartbeat of the Earth's natural system resetting life and evolution along different paths.

"The Permo-Triassic mass extinction, although devastating, would ultimately see the rise of Dinosaurs becoming the dominant species thereafter as would the Cretaceous mass extinction lead to the rise of mammals, and humans," Dr Farnsworth concluded.
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Climate-change-triggered 2023 mega-landslide caused Earth to vibrate for nine days | ScienceDaily
A landslide in a remote part of Greenland caused a mega-tsunami that sloshed back and forth across a fjord for nine days, generating vibrations throughout Earth, according to a new study involving UCL researchers.


						
The study, published in the journal Science, concluded that this movement of water was the cause of a mysterious, global seismic signal that lasted for nine days and puzzled seismologists in September 2023.

The initial event, not observed by human eye, was the collapse of a 1.2km-high mountain peak into the remote Dickson Fjord beneath, causing a backsplash of water 200 metres in the air, with a wave up to 110 metres high. This wave, extending across 10km of fjord, reduced to seven metres within a few minutes, the researchers calculated, and would have fallen to a few centimetres in the days after.

The team used a detailed mathematical model, recreating the angle of the landslide and the uniquely narrow and bendy fjord, to demonstrate how the sloshing of water would have continued for nine days, with little energy able to escape.

The model predicted that the mass of water would have moved back and forth every 90 seconds, matching the recordings of vibrations travelling in the Earth's crust all around the globe.

The landslide, the researchers wrote, was a result of the glacier at the foot of the mountain thinning, becoming unable to hold up the rock-face above it. This was ultimately due to climate change. The landslide and tsunami were the first observed in eastern Greenland.

Co-author Dr Stephen Hicks, of UCL Earth Sciences, said: "When I first saw the seismic signal, I was completely baffled. Even though we know seismometers can record a variety of sources happening on Earth's surface, never before has such a long-lasting, globally travelling seismic wave, containing only a single frequency of oscillation, been recorded. This inspired me to co-lead a large team of scientists to figure out the puzzle.




"Our study of this event amazingly highlights the intricate interconnections between climate change in the atmosphere, destabilisation of glacier ice in the cryosphere, movements of water bodies in the hydrosphere, and Earth's solid crust in the lithosphere.

"This is the first time that water sloshing has been recorded as vibrations through the Earth's crust, travelling the world over and lasting several days."

The mysterious seismic signal -- coming from a vibration through the Earth's crust -- was detected by seismometers all over the globe, from the Arctic to Antarctica. It looked completely different to frequency-rich 'rumbles' and 'pings' from earthquake recordings, as it contained only a single vibration frequency, like a monotonous-sounding hum.

When the study's authors first discovered the signal, they made a note of it as a "USO": unidentified seismic object.

At the same time, news of a large tsunami in a remote northeast Greenland fjord reached authorities and researchers working in the area.

The researchers joined forces in a unique multidisciplinary group involving 68 scientists from 40 institutions in 15 countries, combining seismometer and infrasound data, field measurements, on-the-ground and satellite imagery, and simulations of tsunami waves.




The team also used imagery captured by the Danish military who sailed into the fjord just days after the event to inspect the collapsed mountain-face and glacier front along with the dramatic scars left by the tsunami.

It was this combination of local field data and remote, global-scale observations that allowed the team to solve the puzzle and reconstruct the extraordinary cascading sequence of events.

Lead author Dr Kristian Svennevig, from the Geological Survey of Denmark and Greenland (GEUS), said: "When we set out on this scientific adventure, everybody was puzzled and no one had the faintest idea what caused this signal. All we knew was that it was somehow associated with the landslide. We only managed to solve this enigma through a huge interdisciplinary and international effort."

He added: "As a landslide scientist, an additional interesting aspect of this study is that this is the first-ever landslide and tsunami observed from eastern Greenland, showing how climate change already has major impacts there."

The team estimated that 25 million cubic metres of rock and ice crashed into the fjord (enough to fill 10,000 Olympic-sized swimming pools).

They confirmed the size of the tsunami, one of the largest seen in recent history, using numerical simulations as well as local data and imagery.

Seventy kilometres away from the landslide, four-metre-high tsunami waves damaged a research base at Ella O (island) and destroyed cultural and archaeological heritage sites across the fjord system.

The fjord is on a route commonly used by tourist cruise ships visiting the Greenland fjords. Fortunately, no cruise ships were close to Dickson Fjord on the day of the landslide and tsunami, but if they had been, the consequences of a tsunami wave of that magnitude could have been devastating.

Mathematical models recreating the width and depth of the fjord at very high resolution demonstrated how the distinct rhythm of a mass of water moving back and forth matched the seismic signal.

The study concluded that with rapidly accelerating climate change, it will become more important than ever to characterise and monitor regions previously considered stable and provide early warning of these massive landslide and tsunami events.

Co-author Thomas Forbriger, from Karlsruhe Institute of Technology, said: "We wouldn't have discovered or been able to analyse this amazing event without networks of high-fidelity broadband seismic stations around the world, which are the only sensors that can truly capture such a unique signal."

Co-author Anne Mangeney, from Universite Paris Cite, Institut de Physique du Globe de Paris, said: "This unique tsunami challenged the classical numerical models that we previously used to simulate just a few hours of tsunami propagation. We had to go to an unprecedentedly high numerical resolution to capture this long-duration event in Greenland. This opens up new avenues in the development of numerical methods for tsunami modelling."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240912142355.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Microbe dietary preferences influence the effectiveness of carbon sequestration in the deep ocean | ScienceDaily

One of these key microscale processes is the dietary preferences of bacteria that feed on organic molecules called lipids, according to a journal article, "Microbial dietary preference and interactions affect the export of lipids to the deep ocean," published in Science.

"In our study, we found incredible variation in what the different microbes preferred to digest. Bacteria seem to have very distinct diet preferences for different lipid molecules. This has real implications for understanding carbon sequestration and the biological carbon pump," said journal article co-author Benjamin Van Mooy, a senior scientist in the Marine Chemistry and Geochemistry Department at the Woods Hole Oceanographic Institution (WHOI). "This study used state-of-the-art methods to link the molecular composition of the sinking biomass with its rates of degradation, which we were able to link to the dietary preferences of bacteria." The biological carbon pump is a process where biomass sinks from the ocean surface to the deep ocean.

About 5 to 30% of surface ocean particulate organic matter is composed of lipids, which are carbon-rich fatty acid biomolecules that microbes use for energy storage and cellular functions. As the organic matter sinks to the deep sea, diverse communities of resident microbes degrade and make use of the lipids, exerting an important control on global CO2 concentrations. Understanding this process is vital to improve our ability to forecast global carbon fluxes in changing ocean regimes. Geographic areas where more lipids reach the deep ocean undegraded could be hotspots for natural carbon sequestration.

"Bacteria isolated from marine particles exhibited distinct dietary preferences, ranging from selective to promiscuous degraders," the article states. "Using synthetic communities composed of isolates with distinct dietary preferences, we showed that lipid degradation is modulated by microbial interactions. A particle export model incorporating these dynamics indicates that metabolic specialization and community dynamics may influence lipid transport efficiency in the ocean's mesopelagic zone." The mesopelagic zone extends about 200-1000 meters below the ocean surface.

"I was thrilled to see how much there is to learn about the functioning of the ocean by combining two technologies- high-end chemical analysis and microscale imaging-that have historically never been used together," said co-author Roman Stocker, professor at the Institute of Environment Engineering, Department of Civil, Environmental and Geomatic Engineering, ETH Zurich, Switzerland, "I believe that work at the interface between the exciting technologies we now have available in microbial oceanography will continue to yield important insights into how microbes shape our oceans, now and into the future."

"Scientists are starting to understand that lipids in the ocean can vary significantly depending on different environments, such as the coast versus the open ocean, and the season," said Van Mooy. "With this information, researchers can start to consider whether there are places in the ocean where lipids sink and are sequestered very efficiently, while there may be other locations where lipids are barely sequestered at all or are very inefficiently sequestered."

"What excites me about this paper is that it shows bacteria are not just eating any type of lipid, but are very specialized and, like us, have specific food preferences," said article co-author Lars Behrendt, associate professor and SciLifeLab fellow at the Science for Life Laboratory, Department of Organismal Biology, Uppsala University, Sweden. "This changes how we think about how microorganisms consume food in their natural environment and how they might help each other or compete for the same resource. It also supports the idea that combinations of bacteria better break down specific compounds, including lipids, or to achieve other desired functions."




In addition to studying specific bacteria species in isolation, the researchers also looked at how dietary preference affects degradation rates by multispecies communities of bacteria, which they stated is ecologically more relevant than species in isolation. The researchers found that simple synthetic co-cultures exhibited different degradation rates and delay times when compared to monocultures. The researchers also noted that the degradation of particulate organic matter in the natural environment is even more complex than what is described in the study.

"Phytoplankton are the main reason the ocean is one of the biggest carbon sinks. These microscopic organisms play a huge role in the world's carbon cycle -- absorbing about as much carbon as all the plants on land combined," said co-author Uria Alcolombri, senior lecturer, Alexander Silberman Institute of Life Sciences, Department of Plant and Environmental Sciences, The Hebrew University of Jerusalem, Israel. "It's fascinating that we can study tiny microbial processes under the microscope while uncovering the biological factors that regulate this massive 'digestive system' of the ocean."

Major funding for this research was provided by the Moore Foundation, Simons Foundation, and National Science Foundation. Additional support was provided by the European Molecular Biology Organization, Natural Sciences and Engineering Research Council of Canada, Canada Foundation for Innovation, Human Frontier Science Program, Canada Research Chair from the Canadian Institutes for Health Research, Independent Research Fund Denmark, Swedish Research Council, Science for Life Laboratory, European Union's Horizon 2020 Research and Innovation Programme, and Swiss National Science Foundation.

Key takeaways:

* The movement of carbon dioxide (CO2) from the surface of the ocean, where it is in active contact with the atmosphere, to the deep ocean, where it can be sequestered away for decades, centuries, or longer, depends on a number of seemingly small processes.

* A key microscale process in the ocean is the dietary preferences of bacteria that feed on organic molecules called lipids, according to a journal article, "Microbial dietary preference and interactions affect the export of lipids to the deep ocean," published in Science.




* "We found incredible variation in what the different microbes preferred to digest. Bacteria seem to have very distinct diet preferences for different lipid molecules. This has real implications for understanding carbon sequestration and the biological carbon pump," said journal article co-author Benjamin Van Mooy, a senior scientist in the Marine Chemistry and Geochemistry Department at the Woods Hole Oceanographic Institution.

* "This study uses state-of-the-art methods to link the molecular composition of the sinking biomass with its rates of degradation, and linking that to the preferences of bacteria," said WHOI's Benjamin Van Mooy.

* About 5 to 30% of surface ocean particulate organic matter is composed of lipids, which are carbon-rich fatty acid biomolecules that microbes use for energy storage and cellular functions. As the organic matter sinks to the deep sea, diverse communities of resident microbes degrade and make use the lipids, exerting an important control on global CO2 concentrations. Understanding this process is important to improve our ability to forecast global carbon fluxes in changing ocean regimes. Areas where more lipids reach the deep ocean undegraded could lead to greater rates of carbon sequestration.
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Invisibility cloaks? Wave scattering simulation unlocks potential for advanced metamaterials | ScienceDaily
A new software package developed by researchers at Macquarie University can accurately model the way waves -- sound, water or light -- are scattered when they meet complex configurations of particles.


						
This will vastly improve the ability to rapidly design metamaterials -- exciting artificial materials used to amplify, block or deflect waves.

The findings, published in the journal Proceedings of the Royal Society A on 19 June 2024, demonstrated the use of TMATSOLVER -- a multipole-based tool that models interactions between waves and particles of various shapes and properties.

The TMATSOLVER software makes it very easy to simulate arrangements of up to several hundred scatterers, even when they have complex shapes.

Lead author Dr Stuart Hawkins from Macquarie University's Department of Mathematics and Statistics says the software uses the transition matrix (T-matrix) -- a grid of numbers that fully describes how a certain object scatters waves.

"The T-matrix has been used since the 1960s, but we've made a big step forward in accurately computing the T-matrix for particles much larger than the wavelength, and with complex shapes," says Dr Hawkins.

"Using TMATSOLVER, we have been able to model configurations of particles that could previously not be addressed."

Dr Hawkins worked with other mathematicians from the University of Adelaide, as well as the University of Manchester and Imperial College London, both in the UK, and from the University of Augsburg and University of Bonn, both in Germany.




"It was fantastic to work on this project and incorporate the TMATSOLVER software into my research on metamaterials," says Dr Luke Bennetts, a researcher at the University of Adelaide and co-author of the article.

"It meant I could avoid the bottleneck of producing numerical computations to test metamaterial theories and allowed me to easily generalise my test cases to far more complicated geometries."

Applications in metamaterials 

The researchers demonstrated the software's capabilities through four example problems in metamaterial design. These problems included arrays of anisotropic particles, high-contrast square particles, and tuneable [JvE1] periodic structures that slow down waves.

Metamaterials are designed to have unique properties not found in nature, letting them interact with electromagnetic, sound or other waves by controlling the size, shape and arrangement of their nanoscale structures.

Examples include super-lenses to view objects at the molecular scale; invisibility cloaks, which refract all visible light; and perfect wave absorption for energy harvesting or noise reduction.




The findings from this research and development of the TMATSOLVER tool will have wide application in accelerating research and development in the growing global market for metamaterials which can be designed for precise wave control.

"We have shown that our software can compute the T-matrix for a very wide range of particles, using the techniques most appropriate for the type of particle," Dr Hawkins says.

"This will enable rapid prototyping and validation of new metamaterial designs."

Professor Lucy Marshall, Executive Dean, Faculty of Science and Engineering at Macquarie University, says the software could accelerate new breakthroughs.

"This research represents a big leap forward in our ability to design and simulate complex metamaterials, and is a prime example of how innovative computational methods can drive advancements in materials science and engineering," says Professor.
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Trilobite fossils from upstate New York reveal 'extra' set of legs | ScienceDaily
A new study finds that a trilobite species with exceptionally well-preserved fossils from upstate New York has an additional set of legs underneath its head. The research, led by the American Museum of Natural History and Nanjing University in China, suggests that having a fifth pair of head appendages might be more widespread among trilobites than once thought. Published today in the journal Palaeontology, the study helps researchers better understand how trilobite heads are segmented.


						
Trilobites are a group of extinct arthropods whose living relatives include lobsters and spiders. Like other arthropods, the bodies of trilobites are made up of many segments, with the head region comprised of several fused segments. As with other parts of the trilobite body (the thorax and tail), these segments were associated with appendages, which ranged in function from sensing to feeding to locomotion.

"The number of these segments and how they are associated with other important traits, like eyes and legs, is important for understanding how arthropods are related to one another, and therefore, how they evolved," said Melanie Hopkins, curator and chair of the Museum's Division of Paleontology.

The segments in the trilobite head can be counted in two different ways: by looking at the grooves (called furrows) on the upper side of the trilobite fossil's hard exoskeleton, or by counting the pairs of preserved antennae and legs on the underside of the fossil. The soft appendages of trilobites are rarely preserved, though, and when looking at the segments in the trilobite head, researchers regularly find a mismatch between these two methods.

In the new study, Hopkins and colleague Jin-Bo Hou from Nanjing University examined newly recovered specimens of the exceptionally preserved trilobite Triarthrus eatoni from upstate New York. These fossils, known for the gold shine of the pyrite replacement preserving them, show an additional, previously undescribed leg underneath the head.

"This fantastic preservation style allows us to observe 3D appendages in hundreds of specimens directly from the ventral side of the animals, just like looking at the appendages of horseshoe crabs on a beach by grabbing them and turning them upside down," said Hou.

By making comparisons with another trilobite species, the exceptionally preserved Olenoides serratus from the Burgess Shale in British Columbia, Hopkins and Hou propose a model for how appendages were attached to the head in relation to the grooves in the exoskeleton. This model resolves the apparent mismatch and indicates that the trilobite head included six segments: an anterior segment associated with the developmental origin of the eyes and five additional segments, associated with one pair of antennae and four pairs of walking legs, respectively.

This study expands on the analysis that Hou and Hopkins have done on Triarthrus eatoni, whichshowed that the walking legs carry micron-sized respiratory structures (gills) and that the function of some of the spines on the walking legs was to keep these gills clean.
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New fossil fish species scales up evidence of Earth's evolutionary march | ScienceDaily
Climate change and asteroids are linked with animal origin and extinction -- and plate tectonics also seems to play a key evolutionary role, 'groundbreaking' new fossil research reveals.


						
The discovery of an exceptionally well preserved ancient primitive Devonian coelacanth fish in remote Western Australia has been linked to a period of heightened tectonic activity, or movement in the Earth's crust, according to the new study in Nature Communications. (Open access when published)

Led by Flinders University and experts from Canada, Australia and Europe, the new fossil from the Gogo Formation in WA, named Ngamugawi wirngarri, also helps to fill in an important transition period in coelacanth history, between the most primitive forms and other more 'anatomically-modern' forms.

"We are thrilled to work with people of the Mimbi community to grace this beautiful new fish with the first name taken from the Gooniyandi language," says first author Dr Alice Clement, an evolutionary biologist and palaeontologist from Flinders University.

"Our analyses found that tectonic plate activity had a profound influence on rates of coelacanth evolution. Namely that new species of coelacanth were more likely to evolve during periods of heightened tectonic activity as new habitats were divided and created," she says.

The study confirms the Late Devonian Gogo Formation as one of the richest and best-preserved assemblages of fossil fishes and invertebrates on Earth.

Flinders University Strategic Professor of Palaeontology John Long says the fossil, dating from the Devonian Period (359-419 million years ago), "provides us with some great insight into the early anatomy of this lineage that eventually led to humans."

"For more than 35 years, we have found several perfectly preserved 3D fish fossils from Gogo sites which have yielded many significant discoveries, including mineralised soft tissues and the origins of complex sexual reproduction in vertebrates," says Professor Long.




"Our study of this new species led us to analyse the evolutionary history of all known coelacanths."

Many parts of human anatomy originated in the Early Palaeozoic (540-350 million years ago). This was when jaws, teeth, paired appendages, ossified brain-cases, intromittent genital organs, chambered hearts and paired lungs all appeared in early fishes.

"While now covered in dry rocky outcrops, the Gogo Formation on Gooniyandi Country in the Kimberley region of northern Western Australia was part of an ancient tropical reef teeming with more than 50 species of fish about 380 million years ago.

"We calculated the rates of evolution across their 410 million-year history. This revealed that coelacanth evolution has slowed down drastically since the time of the dinosaurs, but with a few intriguing exceptions."

Today, the coelacanth is a fascinating deep-sea fish that lives off the coasts of eastern Africa and Indonesia and can reach up to 2m in length. They are "lobe-finned" fish, which means they have robust bones in their fins not too dissimilar to the bones in our own arms, and are thus considered to be more closely related to lungfish and tetrapods (the back-boned animals with arms and legs such as frogs, emus and mice) than most other fishes.

Over the past 410 million years, more than more than 175 species of coelacanths have been discovered across the globe. During the Mesozoic Era, the age of dinosaurs, coelacanths diversified significantly, with some species developing unusual body shapes. However, at the end of the Cretaceous Period, around 66 million years ago, they mysteriously disappeared from the fossil record.




The end Cretaceous extinction, sparked by the impact from a massive asteroid, wiped out approximately 75% of all life on Earth, including all of the non-avian (bird-like) dinosaurs. Thus, it was presumed that the coelacanth fishes had been swept up as a casualty of the same mass extinction event.

But in 1938, people fishing off South Africa pulled up a large mysterious looking fish from the ocean depths, with the 'lazarus' fish going on to gain cult status in the world of biological evolution.

Another senior co-author, vertebrate palaeontologist Professor Richard Cloutier, from the University of Quebec in Rimouski (UQAR), says the new Nature Communications study challenges the idea that surviving coelacanths are the oldest 'living fossils'.

"They first appear in the geological record more than 410 million years ago, with fragmentary fossils known from places like China and Australia. However, most of the early forms remain poorly known, making Ngamugawi wirngarri the best known Devonian coealacanth.

"As we slowly fill in the gaps, we can start to understand how living coelacanth species of Latimeria, which commonly are considered to be 'living fossils,' actually are continuing to evolve and might not deserve such an enigmatic title," says Professor Cloutier, a previous honorary visiting scholar at Flinders University.

The study's coauthors have affiliations with Mahasarakham University in Thailand, the South Australian Museum, Max Planck Institute for Evolutionary Anthropology in Germany, University of Bristol, Curtin University in Western Australia and the WA Museum.
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Hair-thin wire to help simulate cosmic conditions | ScienceDaily
Extreme conditions prevail inside stars and planets. The pressure reaches millions of bars, and it can be several million degrees hot. Sophisticated methods make it possible to create such states of matter in the laboratory -- albeit only for the blink of an eye and in a tiny volume. So far, this has required the world's most powerful lasers, such as the National Ignition Facility (NIF) in California. But there are only a few of these light giants, and the opportunities for experiments are correspondingly rare. A research team led by the Helmholtz-Zentrum Dresden-Rossendorf (HZDR), together with colleagues from the European XFEL, has now succeeded in creating and observing extreme conditions with a much smaller laser. At the heart of the new technology is a copper wire, finer than a human hair, as the group reports in the journal Nature Communications.


						
So far, experts have been firing extremely high-energy laser flashes at a material sample, usually a thin foil. This causes the material on the surface to heat up suddenly. This creates a shock wave that races through the sample. It compresses the material and heats it up. For a few nanoseconds, conditions arise like those in the interior of a planet or in the shell of a star. The tiny time window is sufficient to study the phenomenon using special measuring techniques, such as the ultra-strong X-ray flashes of the European XFEL in Schenefeld near Hamburg, Germany.

Here, at Europe's most powerful X-ray laser, the HZDR leads an international user consortium called HIBEF -- Helmholtz International Beamline for Extreme Fields. Among other things, this consortium operates a laser at the High Energy Density (HED-HIBEF) experimental station, which generates ultra-short pulses that do not have particularly high energy -- only about one joule. However, at 30 femtoseconds, they are so short that they achieve an output of 100 terawatts. The research team used this laser at HED-HIBEF to fire at a thin copper wire, just 25 micrometers thick. "Then we were able to use the strong X-ray flashes from the European XFEL to observe what was happening inside the wire," explains Dr. Alejandro Laso Garcia, lead author of the paper. "This combination of short-pulse laser and X-ray laser is unique in the world. It was only thanks to the high quality and sensitivity of the X-ray beam that we were able to observe an unexpected effect."

Concentrated shock waves

In several series of measurements, the scientists systematically varied the time interval between the impact of the laser flash and the X-rays shining through. This made it possible to record a detailed "X-ray film" of the event: "First, the laser pulse interacts with the wire and generates a local shock wave that passes through the wire like a detonation and ultimately destroys it," explains HIBEF department head Dr. Toma Toncian. "But before that, some of the high-energy electrons created when the laser hits, race along the surface of the wire." These fast electrons heat up the surface of the wire quickly and generate further shock waves. These then run in turn from all sides to the center of the wire. For a brief moment, all the shock waves collide there and generate extremely high pressures and temperatures.

The measurements showed that the density of the copper in the middle of the wire was briefly eight to nine times higher than in "normal," cold copper. "Our computer simulations suggest that we have reached a pressure of 800 megabars," says Prof. Thomas Cowan, director of the HZDR Institute of Radiation Physics and initiator of the HIBEF consortium. "That corresponds to 800 million times atmospheric pressure and 200 times the pressure that prevails inside the earth." The temperature reached was also enormous by terrestrial standards: 100,000 degrees Celsius.

Perspectives for nuclear fusion

These are the conditions that are close to those in the corona of a white dwarf star. "Our method could also be used to achieve conditions like those in the interior of huge gas planets," emphasizes Laso Garcia. This includes not only well-known giants like Jupiter, but also a large number of distant exoplanets that have been discovered over the past few years. The research team has now also set its sights on wires made of other materials, such as iron and plastic. "Plastic is mainly made of hydrogen and carbon," says Toncian. "And both elements are found in stars and their corona."

The new measurement method should not only be useful for astrophysics, but also for another field of research. "Our experiment shows in an impressive way how we can generate very high densities and temperatures in a wide variety of materials," says Ulf Zastrau, who heads the HED group at the European XFEL. "This will take fusion research an important step further." Several research teams and start-ups around the world are currently working on a fusion power plant based on high-performance lasers.

The principle: Strong laser flashes hit a fuel capsule made of frozen hydrogen from all sides and ignite it, with more energy coming out than was put in. "With our method, we could observe in detail what happens inside the capsule when it is hit by the laser pulses," says Cowan, describing future experiments. "We expect that this can have a huge impact on basic research in this area."
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Path to prosperity for planet and people shrinking rapidly, scientists warn | ScienceDaily
Our planet will only remain able to provide even the most 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, a new report shows. The report is co-authored by over sixty leading natural and social scientists from the Earth Commission, led by the UvA's Joyeeta Gupta, as well as Prof. Xuemei Bai and Prof. Diana Liverman. The report was published today in The Lancet Planetary Health.


						
The new research builds on the 'Safe and Just Earth System Boundaries' published in Nature last year, which found that most of the vital limits within which people and the planet can thrive have been surpassed. The new paper identifies the 'Safe and Just Space' -- within which harm to humans and nature can be minimised while ensuring everyone can be provided for -- and sets out the paths to reach and stay in such a space.

Already shrinking

But future projections to 2050 show that this space will shrink over time, driven by inequality, unless urgent transformations take place. 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 -- alongside economic and technological transformation.

The new work found that inequalities and overconsumption of finite resources by a minority are key drivers of this shrinking. Providing minimum resources for those who don't currently have enough would add much less pressure on the Earth system than that currently caused by the minority who use far greater resources.

Joyeeta Gupta: 'We're beginning to realise the damage that inequality is doing to the Earth. Increasing pollution and poor management of natural resources is causing significant harm to people and nature. The longer we continue to widen the gap between those who have too much and those who don't have enough, the more extreme the consequences for all, as the support systems which underpin our way of life, our markets and our economies begin to collapse.'

A life free from poverty

If the Earth System Boundaries represent the "ceiling," above which Earth systems can no longer remain stable and resilient, and significant damage could be caused to people and nature, the Safe and Just Space represents a "foundation," showing us the minimum the global population needs from the Earth system, in order to live a life free from poverty. The space in between is full of opportunities that we can use to ensure a better future for people and planet.

To reach this space, the paper calls for change in three areas. Firstly, a push for changes to how we run the economy, finding new policies and funding mechanisms that can address inequality whilst reducing pressure on nature and climate. Secondly, more efficient and effective management, sharing and usage of resources at every level of society -- including addressing the excess consumption of some communities which is limiting access to basic resources for those who need them the most. Thirdly, investment in sustainable and affordable technologies, which will be 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.

Gupta: 'It remains possible for all humans to escape poverty and be safe from harm caused by Earth system change -- but the planet's ability to provide and protect is being stretched past its limits.'
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Impact of climate change on agriculture suggests even greater challenges to the environment, global food supply and public health | ScienceDaily
A sweeping global research review of the links between climate and agriculture reveals the likelihood of an emergent feedback loop whereby, as climate change puts more pressure on the global food supply, agriculture will, by necessity, adopt practices that may exacerbate its environmental impact. This research, published in Science, includes an extensive evaluation of experts, including from Columbia University Mailman School of Public Health. The paper also identifies new agricultural practices that have the potential to increase efficiency and stabilize our food supply in the decades to come.


						
The authors point out that greenhouse gas emissions from agriculture are now 18 times higher than they were in the 1960s, accounting for about 30% of global warming. Excess fertilizer left on farm soil is broken down by bacteria to form nitrous oxide, a greenhouse gas that is 300 times more potent than carbon dioxide. Strategic efforts to reduce the warming impact of agriculture while maintaining high yields are essential to both mitigating climate change and protecting our food supply from its impacts.

"It is important to recognize that the impact of agriculture on public health, from pesticide usage to water quality, is almost certainly going to be exacerbated with climate change," said Lewis Ziska, PhD, associate professor of Environmental Health Sciences at the Columbia Mailman School of Public Health and a co-author.

The research found:
    	Climate change has broad-ranging impacts on agricultural practices, increasing water use and scarcity, nitrous oxide and methane emissions, soil degradation, nitrogen and phosphorus pollution, pest pressure, pesticide pollution and biodiversity loss.
    	Climate-agriculture feedback pathways could dramatically increase agricultural greenhouse gas emissions. Without changes in agriculture, this feedback loop could make it impossible to achieve the Paris Agreement goal of limiting global warming to 1.5 degrees Celsius to 2 degrees Celsius.
    	Existing sustainable agricultural practices and technologies, if they are implemented on a wide scale, can greatly reduce agricultural emissions and prevent a feedback loop from developing. To achieve this, governments must work to remove socioeconomic barriers and make climate-resilient solutions accessible to farmers and food producers.

"We need agriculture, but the future of humanity also requires that we reduce agriculture's environmental harms," said co-author David Tilman, a professor at the University of Minnesota College of Biological Sciences. "By evaluating new practices being tried around the world we have identified practices that appear to increase harvests while decreasing environmental harm. Once these new practices are tested and verified, we need a farm bill that pays farmers both for producing food and for improving the environment. Enabling better stewardship has tremendous benefits for all of us."

The researchers looked at all aspects of the relationship between agriculture and climate to determine where new practices are the most effective. While carbon sequestration is currently a priority, an integrated approach that factors in farming efficiency and pollutants like nitrous oxide could deliver much larger climate benefits and a more stable future for agriculture. Practices such as precision fertilizer use and crop rotation can prevent a feedback loop from developing."

The team identified a number of next steps. First and foremost, stakeholders should accelerate the adaptation and cost-reduction of efficient and climate-friendly agriculture. Precision farming, perennial crop integration, agrivoltaics, nitrogen fixation, and novel genome editing are among the emerging techniques that could increase production and efficiency in agriculture while reducing climate change impacts. They recommend further research on climate-agriculture feedback pathways and new technologies like on-farm robots.
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NASA's Webb peers into the extreme outer galaxy | ScienceDaily
Astronomers have directed NASA's James Webb Space Telescope to examine the outskirts of our Milky Way galaxy. Scientists call this region the Extreme Outer Galaxy due to its location more than 58,000 light-years away from the Galactic Center. (For comparison, Earth is approximately 26,000 light-years from the center.)


						
A team of scientists used Webb's NIRCam (Near-Infrared Camera) and MIRI (Mid-Infrared Instrument) to image select regions within two molecular clouds known as Digel Clouds 1 and 2. With its high degree of sensitivity and sharp resolution, the Webb data resolved these areas, which are hosts to star clusters undergoing bursts of star formation, in unprecedented detail. Details of this data include components of the clusters such as very young (Class 0) protostars, outflows and jets, and distinctive nebular structures.

These Webb observations, which came from telescope time allocated to Mike Ressler of NASA's Jet Propulsion Laboratory in Southern California, are enabling scientists to study star formation in the outer Milky Way in the same depth of detail as observations of star formation in our own solar neighborhood.

"In the past, we knew about these star forming regions but were not able to delve into their properties," said Natsuko Izumi of Gifu University and the National Astronomical Observatory of Japan, lead author of the study. "The Webb data builds upon what we have incrementally gathered over the years from prior observations with different telescopes and observatories. We can get very powerful and impressive images of these clouds with Webb. In the case of Digel Cloud 2, I did not expect to see such active star formation and spectacular jets."

Stars in the Making

Although the Digel Clouds are within our galaxy, they are relatively poor in elements heavier than hydrogen and helium. This composition makes them similar to dwarf galaxies and our own Milky Way in its early history. Therefore, the team took the opportunity to use Webb to capture the activity occurring in four clusters of young stars within Digel Clouds 1 and 2: 1A, 1B, 2N, and 2S.

For Cloud 2S, Webb captured the main cluster containing young, newly formed stars. This dense area is quite active as several stars are emitting extended jets of material along their poles. Additionally, while scientists previously suspected a sub-cluster might be present within the cloud, Webb's imaging capabilities confirmed its existence for the first time.




"We know from studying other nearby star-forming regions that as stars form during their early life phase, they start emitting jets of material at their poles," said Ressler, second author of the study and principal investigator of the observing program. "What was fascinating and astounding to me from the Webb data is that there are multiple jets shooting out in all different directions from this cluster of stars. It's a little bit like a firecracker, where you see things shooting this way and that."

The Saga of Stars

The Webb imagery skims the surface of the Extreme Outer Galaxy and the Digel Clouds, and is just a starting point for the team. They intend to revisit this outpost in the Milky Way to find answers to a variety of current mysteries, including the relative abundance of stars of various masses within Extreme Outer Galaxy star clusters. This measurement can help astronomers understand how a particular environment can influence different types of stars during their formation.

"I'm interested in continuing to study how star formation is occurring in these regions. By combining data from different observatories and telescopes, we can examine each stage in the evolution process," said Izumi. "We also plan to investigate circumstellar disks within the Extreme Outer Galaxy. We still don't know why their lifetimes are shorter than in star-forming regions much closer to us. And of course, I'd like to understand the kinematics of the jets we detected in Cloud 2S."

Though the story of star formation is complex and some chapters are still shrouded in mystery, Webb is gathering clues and helping astronomers unravel this intricate tale.

The observations were taken as part of Guaranteed Time Observation program 1237.
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Powered by renewable energy, microbes turn CO2 into protein and vitamins | ScienceDaily
Researchers in Germany can harvest protein and vitamin B9 from microbes by feeding them nothing much more than hydrogen, oxygen, and CO2. The technology, published September 12 in the Cell Press journal Trends in Biotechnology, runs on renewable energy to produce a sustainable, micronutrient-enriched protein alternative that may one day make it to our plates.


						
"This is a fermentation process similar to how you make beer, but instead of giving the microbes sugar, we gave them gas and acetate," says corresponding author Largus Angenent of the University of Tubingen, Germany. "We knew that yeast could produce vitamin B9 on their own with sugar, however, we didn't know if they could do the same with acetate."

"We are approaching 10 billion people in the world, and with climate change and limited land resources, producing enough food will become harder and harder," says Angenent. "One alternative is growing proteins in bioreactors through biotechnology rather than growing crops to feed animals. It makes agriculture much more efficient."

The team designed a two-stage bioreactor system that produces yeast rich in protein and vitamin B9. This vitamin is also known as folate and is essential for bodily functions like cell growth and metabolism. In the first stage, the bacterium Thermoanaerobacter kivui converts hydrogen and CO2 into acetate, which is found in vinegar. In the second stage, Saccharomyces cerevisiae, more commonly known as baker's yeast, feeds on acetate and oxygen to make protein and vitamin B9. The hydrogen and oxygen can be produced by zapping water with electricity produced by clean energy sources like windmills, for example.

It turns out acetate-fed yeast produces about the same amount of vitamin B9 as those that eat sugar. Just 6 grams, or 0.4 tablespoon, of the harvested dried yeast meets the daily vitamin B9 requirement. The vitamin levels were measured by a team led by co-author Michael Rychlik at the Technical University of Munich, Germany.

For protein, the researchers found that the levels in their yeast exceed those of beef, pork, fish, and lentils. Eighty-five grams, or 6 tablespoons, of yeast provides 61% of daily protein needs, while beef, pork, fish, and lentils meet 34%, 25%, 38%, and 38% of the need, respectively. However, the yeast should be treated to rid compounds that can increase the risk of gout if consumed excessively. Even so, treated yeast still meets 41% of the daily protein requirement, comparable to traditional protein sources.

This technology aims to address several global challenges: environmental conservation, food security, and public health. Running on clean energy and CO2, the system reduces carbon emissions in food production. It uncouples land use from farming, freeing up space for conservation. Angenent also stresses that it will not outcompete farmers. Instead, the technology will help concentrate farmers to produce vegetables and crops sustainably. The team's yeast may also help developing nations overcome food scarcity and nutritional deficiencies by delivering protein and vitamin B9.

But before picking up the research team's yeast at a grocery aisle as a protein alternative, Angenent says there's much more to do. They plan to optimize and scale up production, investigate food safety, conduct technical and economic analyses, and gauge market interest.

"The fact that we can make vitamins and protein at the same time at a pretty high production rate without using any land is exciting," says Angenent. "The end product is vegetarian/vegan, non-GMO, and sustainable, which could appeal to consumers."

This work was supported by the Alexander von Humboldt Foundation, the Federal Ministry of Education and Research in Germany, the Novo Nordisk Foundation CO2 Research Center (CORC), SPRIND GmbH, and the Federal Ministry of Education and Research. 
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Quantum researchers cause controlled 'wobble' in the nucleus of a single atom | ScienceDaily
Researchers from Delft University of Technology in The Netherlands have been able to initiate a controlled movement in the very heart of an atom. They caused the atomic nucleus to interact with one of the electrons in the outermost shells of the atom. This electron could be manipulated and read out through the needle of a scanning tunneling microscope. The research, published in Nature Communications today, offers prospects for storing quantum information inside the nucleus, where it is safe from external disturbances.


						
For weeks on end, the researchers studied a single titanium atom. "A Ti-47 atom, to be precise," says research leader Sander Otte. "It has one neutron less than the naturally abundant Ti-48, which makes the nucleus slightly magnetic." This magnetism, the 'spin' in quantum language, can be seen as a sort of compass needle that can point in various directions. The orientation of the spin at a given time constitutes a piece of quantum information.

Precisely tuned

The nucleus of an atom floats inside a -- comparatively -- giant void far away from the orbiting electrons, oblivious of its environment. But there is one exception: due to the extremely weak 'hyperfine interaction', the nuclear spin can be influenced by the spin of one of the electrons. "Easier said than done," says Lukas Veldman, who recently defended his PhD dissertation on the research with honours. "The hyperfine interaction is so weak that it is effective only in a very small, precisely tuned magnetic field."

Voltage pulse

Once all experimental conditions were met, the researchers used a voltage pulse to push the electron spin out of equilibrium, after which both spins wobbled together for a fraction of a microsecond. "Exactly how Schrodinger predicted," says Veldman. Alongside the experiments he performed calculations that reproduced the observed fluctuations surprisingly well. The strong agreement between observations and predictions demonstrates that no quantum information is lost during the interaction between electron and nucleus.

Storing quantum information

The efficient shielding from the environment makes the nuclear spin a viable candidate for holding quantum information. The current research may bring that application one step closer. But that is not what primarily drives the researchers. Otte: "This experiment gives humans influence on the state of matter on an unimaginably small scale. To me, that alone makes it worth the effort."
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Researchers discover building blocks that could 'revolutionize computing' | ScienceDaily
A research team at University of Limerick has made a major discovery by designing molecules that could revolutionise computing.


						
The researchers at UL's Bernal Institute have discovered new ways of probing, controlling and tailoring materials at the most fundamental molecular scale.

The results have been used in an international project involving experts worldwide to help create a brand-new type of hardware platform for artificial intelligence that achieves unprecedented improvements in computational speed and energy efficiency.

The research has just been published in the scientific journal Nature.

The UL team, led by Damien Thompson, Professor of Molecular Modelling at UL and director of SSPC, the Research Ireland Centre for Pharmaceuticals, in an international collaboration with scientists at the Indian Institute of Science (IISc) and Texas A&M University, believe that this new discovery will lead to innovative solutions to societal grand challenges in health, energy and the environment.

Professor Thompson explained: "The design draws inspiration from the human brain, using the natural wiggling and jiggling of atoms to process and store information. As the molecules pivot and bounce around their crystal lattice, they create a multitude of individual memory states.

"We can trace out the path of the molecules inside the device and map each snapshot to a unique electrical state. That creates a kind of tour diary of the molecule that can be written and read just like in a conventional silicon-based computer, but here with massively improved energy and space economy because each entry is smaller than an atom.




"This outside the box solution could have huge benefits for all computing applications, from energy hungry data centres to memory intensive digital maps and online gaming."

To-date, neuromorphic platforms -- an approach to computing inspired by the human brain -- have worked only for low-accuracy operations, such as inferencing in artificial neural networks. This is because core computing tasks including signal processing, neural network training, and natural language processing require much higher computing resolution than what existing neuromorphic circuits could offer.

For this reason then, achieving high resolution has been the most daunting challenge in neuromorphic computing.

The team's reconceptualization of the underlying computing architecture achieves the required high resolution, performing resource-intensive workloads with unprecedented energy efficiency of 4.1 tera-operations per second per watt (TOPS/W).

The team's breakthrough extends neuromorphic computing beyond niche applications in a move that can potentially unleash the long-heralded transformative benefits of artificial intelligence and augment the core of digital electronics from the cloud to the edge.

Project lead at IISc Professor Sreetosh Goswami said: "By precisely controlling the vast array of available molecular kinetic states, we created the most accurate, 14-bit, fully functional neuromorphic accelerator integrated into a circuit board that can handle signal processing, AI and machine learning workloads such as artificial neural networks, auto-encoders, and generative adversarial networks.

"Most significantly, leveraging the high precision of the accelerators, we can train neural networks on the edge, addressing one of the most pressing challenges in AI hardware."

Further enhancements are coming, as the team works to expand the range of materials and processes used to create the platforms and increase the processing power even further.

Professor Thompson explained: "The ultimate aim is to replace what we now think of as computers with high-performance 'everyware' based on energy efficient and eco-friendly materials providing distributed ubiquitous information processing throughout the environment integrated in everyday items from clothing to food packaging to building materials."
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Research reveals reality of Ice Age teen puberty | ScienceDaily
Landmark new research shows Ice Age teens from 25,000 years ago went through similar puberty stages as modern-day adolescents. In a study published today in the Journal of Human Evolution of the timing of puberty in Pleistocene teens, researchers are addressing a knowledge gap about how early humans grew up.


						
Found in the bones of 13 ancient humans between 10 and 20 years old is evidence of puberty stages. Co-led by University of Victoria (UVic) paleoanthropologist April Nowell, researchers found specific markers in the bones that allowed them to assess the progress of adolescence.

"By analyzing specific areas of the skeleton, we inferred things like menstruation and someone's voice breaking," says Nowell.

The technique was developed by lead author Mary Lewis from the University of Reading. Lewis's technique evaluates the mineralization of the canines and maturation of the bones of the hand, elbow, wrist, neck and pelvis to identify the stage of puberty reached by the individual at their time of death.

"This is the first time my puberty stage estimation method has been applied to Paleolithic fossils and it is also the oldest application of another method -- peptide analysis -- for biological sex estimation," says Lewis.

Life during prehistory was believed to be as Thomas Hobbes described: "nasty, brutish and short." However, this new study shows these teens were actually quite healthy. Most individuals in the study sample entered puberty by 13.5, reaching full adulthood between 17 and 22 years old. This indicates these Ice Age adolescents started puberty at a similar time to teens in modern, wealthy countries.

"It can sometimes be difficult for us to connect with the remote past, but we all went through puberty even if we experienced it differently," says Nowell. "Our research helps to humanize these teens in a way that simply studying stone tools cannot."

One of the 13 skeletons examined was "Romito 2," an adolescent estimated to be male and the earliest known individual with a form of dwarfism. This new research on puberty assessment provides further information about Romito 2's likely physical appearance and his social role.




Since he was mid-way through puberty, his voice would be deeper much like an adult male and he would have been able to father children; however, he may still have appeared quite youthful with fine facial hair. Due to his short height, his appearance would have been closer to that of a child, which may have had implications for how he was perceived by his community.

"The specific information about the physical appearance and developmental stage of these Ice Age adolescents derived from our puberty study provides a new lens through which to interpret their burials and treatment in death," says archaeologist Jennifer French of the University of Liverpool, one of the co-authors of the study.

Researchers from six institutions collaborated internationally to develop this body of knowledge: UVic (Canada), University of Reading and University of Liverpool (UK), Museum of Prehistoric Anthropology of Monaco (Monaco), University of Cagliari (Italy) and University of Siena (Italy). The collaboration continues with research into the lives of Ice Age teenagers and their social roles.

This research was supported by the Social Sciences and Humanities Research Council, in addition to Nowell's Lansdowne Fellowship Award.
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        Clinical trial successfully repurposes cancer drug for hereditary bleeding disorder
        A drug approved for treating the blood cancer multiple myeloma may offer a safe and effective way to reduce the risk of severe nosebleeds from a rare but devastating bleeding disorder. Hereditary hemorrhagic telangiectasia (HHT), the world's second-most-common inherited bleeding disorder, affects approximately 1-in-5,000 people and can have life-threatening complications, but there are currently no U.S. FDA-approved drugs to treat HHT.

      

      
        Operating room design linked to length of surgery
        A new study has directly linked operating room design to the length of surgeries, with implications both for patient health and hospitals' bottom lines.

      

      
        Can the MIND diet lower the risk of memory problems later in life?
        People whose diet more closely resembles the MIND diet may have a lower risk of cognitive impairment, according to a new study. Results were similar for Black and white participants. These results do not prove that the MIND diet prevents cognitive impairment, they only show an association.

      

      
        Some diabetes drugs tied to lower risk of dementia, Parkinson's disease
        A class of drugs for diabetes may be associated with a lower risk of dementia and Parkinson's disease, according to a new study.

      

      
        Higher levels of leptin indicate brain protection against late-life dementia
        A study more closely links obesity to dementia, finding that leptin, a hormone that helps maintain normal body weight, is associated with better signal-transmitting brain white matter in middle-aged adults.

      

      
        Versatile knee exo for safer lifting
        A set of knee exoskeletons, built with commercially available knee braces and drone motors, has been shown to help counteract fatigue in lifting and carrying tasks. They helped users maintain better lifting posture even when tired, a key factor in defending against on-the-job injuries, the researchers say.

      

      
        Breast and ovarian cancer newly linked to thousands of gene variants
        New research identifies specific genetic changes that can increase a person's risk of breast and ovarian cancers, to help guide clinical decision-making.

      

      
        Homemade 'play-putty' can read the body's electric signals
        Researchers demonstrates the effectiveness of homemade play putty at reading brain, heart, muscle and eye activity. The research outlines the conductive properties of this material, so-named 'squishy circuits.'

      

      
        Metal exposure can increase cardiovascular disease risk
        Metal exposure from environmental pollution is associated with increased calcium buildup in the coronary arteries at a level comparable to traditional risk factors, according to a new study. The findings support that metals in the body are associated with the progression of plaque buildup in the arteries and potentially provide a new strategy for managing and preventing atherosclerosis.

      

      
        Like humans, artificial minds can 'learn by thinking'
        A new review shows that this process of thinking is not exclusive to humans. Artificial intelligence, too, is capable of self-correction and arriving at new conclusions through 'learning by thinking.'

      

      
        Discarding the placenta after birth leads to loss of valuable information, pathologists say
        Physician-scientists argue that with most placentas discarded after birth, placental pathology is underutilized clinically, should be a routine part of obstetric and neonatal care, and also deserves more research attention.

      

      
        Researchers use machine learning to improve cardiovascular risk assessment
        Researchers used advanced machine learning to increase the accuracy of a national cardiovascular risk calculator while preserving its interpretability and original risk associations.

      

      
        Breakthrough in fertility treatment: Prostaglandin receptors found to promote embryo implantation
        A team fhas uncovered a new mechanism that could revolutionize infertility care by promoting embryo implantation. The discovery focuses on prostaglandin (PG) receptors in the uterus that enhance the critical process of decidualization, which is necessary for a successful pregnancy. This finding opens the door to developing new fertility treatments that target these receptors.

      

      
        What numbers do you see? A new bistable perceptual phenomenon on symbolic numbers
        This research described a new perceptual phenomenon of bistability induced by partial occlusion of digital numerals. Results of experiments using visual adaptation indicate that this perceptual bistability mainly originates from mid-level visual processing stages which take part in processing global complex shapes and number forms.

      

      
        Silencing in action: How cells 'repress' genomic remnants of ancient viruses
        It is crucial for organisms to be able to control which genes are expressed in which cells and when. Naturally occurring chemical modifications of DNA-binding histone proteins are believed to play an important role in this process; however, it had been unclear whether they play a causal role in instructing gene expression. Researchers have experimentally shown that certain histone sites act as critical control sites that help prevent the spurious activation of parts of the genome, including seque...

      

      
        Creating full-taste, reduced alcohol wine and spirits: New trial opens realm of possibilities
        A new study has successfully used porous liquids to achieve liquid-liquid separation for the first time, creating exciting potential for advancing both environmental sustainability and public health.

      

      
        New Alzheimer's studies reveal disease biology, risk for progression, and the potential for a novel blood test
        Two new papers by a team of researchers demonstrate that evaluating microRNAs in blood can be used not only to diagnose mild cognitive impairment (MCI) but also, critically, to predict the conversion from MCI to dementia due to Alzheimer's disease. Moreover, the researchers uncovered microRNA candidate molecular biomarkers that associate with current Amyloid, Tau, and Neurodegeneration (A/T/N) Alzheimer's biomarkers.

      

      
        Nanotechnology: DNA origami with cargo function
        Chemists present two studies that open up new possibilities for biotechnological applications.

      

      
        Scientists find new epigenetic switch
        Researchers have discovered that a DNA modification called 5-formylcytosine (5fC) functions as an activating epigenetic switch that kick-starts genes in early embryonic development. This finding proves for the first time that vertebrates have more than one type of epigenetic DNA mark and sheds new light on how genes are regulated in the earliest stages of development.

      

      
        Triplet regimen yields promising response in advanced-phase chronic myeloid leukemia
        According to new research, 80% of patients with previously untreated or relapsed/refractory advanced-phase chronic myeloid leukemia (CML) -- including both accelerated or myeloid blast phases of the disease -- or Philadelphia chromosome-positive acute myeloid leukemia (AML) achieved a bone marrow remission when treated with a novel combination of decitabine, venetoclax and ponatinib.

      

      
        Ultra-low-dose ketamine can curb opioid withdrawal
        A pilot study showed that a small amount of ketamine can reduce or eliminate the withdrawal symptoms associated with quitting fentanyl.

      

      
        Fruit flies' visual navigation tactics differ by environment
        Fruit flies use vision to head toward interesting things, but also to stay steady during flight. To accomplish this, the eyes need to fixate on the visual background while noticing objects that might indicate food or danger. Using a device that lets flies interact with a virtual environment, biologists have discovered that Mojave Desert fruit flies fixate on an object for balance and stability while also orienting toward it as an interesting resource, while common urban flies fixate on the backgr...

      

      
        Shrinking the pint can reduce beer sales by almost 10%
        Reducing the serving size for beer, lager and cider reduces the volume of those drinks consumed in pubs, bars and restaurants, and could be a useful alcohol control measure, according to a new study. Researchers found that over a short intervention period, venues that removed the pint and offered two third pints instead, sold 10% less beer by volume compared with when pints were available.

      

      
        Unhealthy behaviors contribute to more coronary artery disease deaths in the poor
        Lower socioeconomic status is associated with higher rates of death from coronary artery disease compared to higher socioeconomic status, and more than half of the disparities can be explained by four unhealthy behaviors, according to a new study.

      

      
        Two common surgeries equally effective for treating blinding condition of the eyelid
        Trachomatous trichiasis, a potentially blinding condition where inward-turned eyelashes scratch the front of the eye, can successfully be treated by either of the two most common types of eyelid surgery, according to findings from a large comparison trial.

      

      
        Genetic risk-factor overlap between Alzheimer's disease, and all-cause and vascular dementias
        Medical researchers conducted the largest-ever genome-wide association study of all-cause dementia, finding substantial genetic overlap with vascular dementia.

      

      
        Cancer cells may be using lipids to hide from the immune system
        New study demonstrates that one type of lipid is so critical for immune evasion that certain cancers cannot proliferate without them. Modulating intake of dietary lipids could open up an avenue for treatment.

      

      
        Paving the way for antivirals against Ebola virus and its deadly relatives
        Scientists share detailed, complete images of a viral structure called the Ebola virus nucleocapsid. This breakthrough may accelerate the development of antivirals that target this viral structure to combat several filoviruses at once.

      

      
        Improved epidemic monitoring via sewage
        Analyzing wastewater has the potential to alert authorities about thousands of health threats at once, from antimicrobial resistance to cholera, according to new research.

      

      
        One in eight is genetically protected against jaundice
        One in eight newborn babies has a gene variant that almost completely protects against jaundice. The research provides the opportunity to develop a treatment that can prevent severe cases of jaundice.

      

      
        Recent study reveals reduced maths performance of adults with Dyspraxia
        Dyspraxia, also known as Developmental Coordination Disorder (DCD), can have a bigger impact on adult mathematical performance than previously thought, according to new research.

      

      
        Cutting out sugar and starch is as effective for IBS as current recommendations
        Symptoms for patients with the gastrointestinal disease IBS improved as much by eating less sugar and starch as for those who followed FODMAP -- the diet currently recommended to patients. The results also show that weight loss is greater and sugar cravings are reduced among those who follow the starch and sucrose-reduced diet.

      

      
        Identifying body-scan postures suitable for people with hyperactivity tendency
        Mindfulness practices have been found to be effective in reducing symptoms of attention-deficit/hyperactivity disorder (ADHD). However, many people with ADHD may find static meditation techniques challenging. In a recent study, researchers assessed individualized responses of people to sitting in various postures during body-scan meditation. The findings suggest that a slumped posture may reduce the ease of practice, while supine and upright positions may improve the ease of meditation for people...

      

      
        Reducing smartphone use increases work satisfaction
        On average, we spend three and a quarter hours a day looking at our phones. Cutting back this time by one hour a day is not only good for our mental health, but also helps us to feel happier and more motivated at work, new research suggests.

      

      
        Researchers identify potential new strategy to slow the development of liver fibrosis
        A study reveals advances in the understanding and treatment of liver fibrosis, a serious complication in the context of metabolic fatty liver disease, also known as MASLD (metabolic dysfunction-associated steatotic liver disease). This study concludes that activation of the PPAR / -AMPK pathway is an effective strategy to slow the development of liver fibrosis.

      

      
        Risk of clots, stroke from incorrect blood thinner dosing reduced using online dashboard
        Doctors and pharmacists treating people with blood thinners can reduce the rate of inappropriate dosing -- as well as blood clots and strokes that can result from it -- using an electronic patient management system, a study suggests. Direct oral anticoagulants can be incorrectly prescribed up to 20% of the time.

      

      
        Brain divides meal into different phases
        The process of food intake appears to be organized at the cellular level like a relay race: during eating, the baton is passed between different teams of neurons until we have consumed the appropriate amount of energy. Through this complex mechanism, the brain likely ensures that we neither eat too little nor too much. Malfunctions of this process may lead to eating disorders such as anorexia or binge eating.

      

      
        People aren't volunteering as much these days: What gives?
        Volunteering used to be a mainstay of U.S. culture. But in recent years, giving back to their community hasn't played as big a role in many Americans' lives. New research suggests the economy may be to blame.

      

      
        Blackcurrant supplementing mitigates postmenopausal bone loss, study finds
        With aging comes bone density loss, especially in post-menopausal women. A new study finds that supplementing with blackcurrant can ameliorate a host of conditions, including postmenopausal bone loss and osteoporosis.

      

      
        Moderate coffee and caffeine consumption is associated with lower risk of developing multiple cardiometabolic diseases, new study finds
        Consuming moderate amounts of coffee and caffeine regularly may offer a protective effect against developing multiple cardiometabolic diseases, including type 2 diabetes, coronary heart disease and stroke, according to new research.

      

      
        Team discovers naturally occurring DNA-protein hybrids
        Thanks to a serendipitous discovery and a lot of painstaking work, scientists can now build biohybrid molecules that combine the homing powers of DNA with the broad functional repertoire of proteins -- without having to synthesize them one by one, researchers report. Using a naturally occurring process, laboratories can harness the existing molecule-building capacities of bacteria to generate vast libraries of potentially therapeutic DNA-protein hybrid molecules.

      

      
        Ten-year study shows tomosynthesis improves breast cancer detection
        According to a new 10-year study, screening for breast cancer with digital breast tomosynthesis (DBT) increases cancer detection rates and significantly reduces the rate of advanced cancers compared to conventional 2D digital mammography.

      

      
        Reducing the cultural bias of AI with one sentence
        Cultural values and traditions differ across the globe, but large language models (LLMs), used in text-generating programs such as ChatGPT, have a tendency to reflect values from English-speaking and Protestant European countries. A research team believes there is an easy way to solve that problem.

      

      
        Sport-related stress may affect whether college athletes eat enough calories
        Sport-related stress may contribute to some NCAA Division One swimmers and runners failing to consume enough calories to fuel their bodies.

      

      
        Getting to the root of the problem: Intensive diabetes treatment reduces gum disease inflammation
        A recent study reveals that intensive diabetes treatment can improve periodontal disease inflammation. Researchers found that two weeks of intensive diabetes treatment under hospitalization for patients with type 2 diabetes significantly improved not only blood sugar control but also PISA, an indicator of gum disease inflammation. Furthermore, the improvement in PISA was related to factors such as insulin secretion capacity and the severity of diabetes complications and comorbidities before diabe...

      

      
        New treatment extends ovarian function in older mice
        Scientists have discovered a novel way to lengthen the 'healthspan' of a women's ovaries -- improving maintenance of the ovaries and preventing key age-related changes in ovarian function. 'Healthspan' refers to the length of time a person remains healthy and free from serious illness or chronic diseases.

      

      
        Lower neighborhood opportunity may increase risk for preterm birth
        A new study has found that more than half of Black and Hispanic infants were born into very low-opportunity neighborhoods, and that babies born into these neighborhoods had a 16-percent greater risk of being born preterm. The study sheds new light on the health consequences of structural racism and historically discriminatory practices -- such as redlining and disproportionate exposures to pollutants -- that continue to shape modern-day neighborhood conditions and circumstances.

      

      
        Hardship early in life can affect health and longevity -- even for marmots
        The cumulative adversity index for people quantifies numerous measures of hardship, such as poverty and stress to understand health and longevity over the individual's lifespan. A similar tool could help scientists who study and want to conserve animal populations by identifying the most influential stressors to mitigate. Biologists have created the first cumulative adversity index for yellow-bellied marmots. They found that as in humans, adversity early on had lifelong consequences and reduced t...

      

      
        Chances of successful pregnancy are the same with embryo transfer on day three or five
        In IVF treatment, embryos are traditionally transferred in the uterus three days after fertilization. Due to improvements in laboratory techniques, this is now also possible after five days. It was assumed that this increases the chance of a successful pregnancy. A new study shows that the day of transfer does not influence the success rate of the IVF trajectory.

      

      
        Brain vasculature changes important for predicting cognitive impairment
        Researchers published a study showing that several measurements of the brain, including blood flow and the brain's ability to compensate for the lack of it, are better predictors of mild cognitive impairment than risk factors like hypertension and high cholesterol.
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Clinical trial successfully repurposes cancer drug for hereditary bleeding disorder | ScienceDaily
A drug approved for treating the blood cancer multiple myeloma may offer a safe and effective way to reduce the risk of severe nosebleeds from a rare but devastating bleeding disorder. Hereditary hemorrhagic telangiectasia (HHT), the world's second-most-common inherited bleeding disorder, affects approximately 1-in-5,000 people and can have life-threatening complications, but there are currently no U.S. FDA-approved drugs to treat HHT. The PATH-HHT study, the first-ever randomized, placebo-controlled U.S. clinical trial, evaluated the oral drug pomalidomide, currently approved to treat multiple myeloma, to treat bleeding and disease manifestations in HHT. The trial, which enrolled more than 50 patients at Massachusetts General Hospital (MGH), a founding member of the Mass General Brigham healthcare system, found that the drug resulted in a significant, clinically relevant reduction in the severity of nosebleeds and improved quality of life. Results of PATH-HHT are published in the New England Journal of Medicine.


						
"The results of our trial demonstrate the clear safety and efficacy of pomalidomide to treat bleeding in HHT, giving these patients a much-needed effective treatment option," said first author Hanny Al-Samkari, MD, the Peggy S. Blitz Endowed Chair in Hematology/Oncology at Massachusetts General Hospital, Associate Professor of Medicine at Harvard Medical School, classical hematologist and principal investigator at the Mass General Cancer Center. "While much work is still needed to develop additional treatments for HHT, the PATH-HHT study serves as proof of principle that we can develop effective drugs to treat this awful disease."

Patients with HHT suffer from severe, recurrent nose bleeding that severely reduces their health-related quality of life and results in unemployment and social isolation. They also endure chronic gastrointestinal bleeding, which results in severe anemia and dependence on intravenous iron infusions and blood transfusions. They can additionally suffer from vascular malformations in internal organs, like the brain, lungs, and liver, that can cause life-threatening bleeding, strokes, and heart complications.

The PATH-HHT study is a National Institutes of Health-sponsored clinical trial that enrolled patients at 11 centers, including MGH. The trial evaluated pomalidomide to treat disease manifestations in HHT, focusing on the severe nosebleeds that affect almost all patients with this disease. The primary outcome achieved significant improvements in longitudinal nosebleed severity over time in the pomalidomide group versus the placebo group. Additionally, the investigators found substantial improvements in HHT-specific quality of life in patients receiving pomalidomide compared with those receiving placebo.

The PATH-HHT study was intended to enroll 159 participants but because it eclipsed its prespecified threshold for efficacy, it was closed to enrollment early.

"When you do a clinical trial, closing early for efficacy is the best possible outcome," said Al-Samkari.

The most common side-effects of pomalidomide were neutropenia, constipation, and rash, but these were mostly mild and manageable. The authors note that additional studies will be needed to define the mechanisms of action of pomalidomide in HHT -- that is, why the drug works for this condition. Future studies will also be needed to determine if the drug could have similar effects in patients with gastrointestinal bleeding or other HHT complications.

Massachusetts General Hospital is a HHT Center of Excellence, as certified by the Cure HHT Foundation, and serves over 500 families with HHT throughout Massachusetts and the rest of New England, plus upstate New York. People additionally travel from far and wide to participate in clinical trial opportunities within the MGH HHT Center. The Center is co-directed by Al-Samkari and Josanna Rodriguez-Lopez, MD, from the Division of Pulmonary and Critical Care Medicine.

"As you can imagine, for a neglected but serious disease with no approved therapies, we had great interest in the PATH-HHT study from patients, and enrolled over 50 patients into this important trial," Al-Samkari said. "This success would not have been possible without the efforts of Pamela Hodges, NP, PhD and the incredible research nurses, coordinators, and associates within the Mass General Cancer Center, as well as my colleagues throughout MGH HHT Center. It has also been my great pleasure to work with Dr. Keith McCrae at the Cleveland Clinic to contribute to this multicenter effort. As a multisystem disease, HHT is very much a team sport."
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Operating room design linked to length of surgery | ScienceDaily
Xiaobo Quan is proud that his study is the first of its kind to link operating room design to the length of knee- and hip-replacement surgeries.


						
Thus, the University of Kansas School of Architecture & Design associate professor believes its findings can be used to optimize spaces that will both produce better outcomes, via shorter surgeries, for patients and boost the hospital's bottom line.

For the article just published in the journal Health Environments Research & Design, Quan observed in real time a series of 70 knee- and hip-replacement surgeries done side by side by same surgical teams in differently sized and laid out operating rooms at a Midwestern hospital. The larger and better designed of the two rooms saw a significantly shorter average surgery time and a smaller number of troublesome, time-consuming interactions ("surgical flow disruptions"), for example physical collisions among OR personnel and equipment, Quan found.

"Previous studies looked at the impact of space design on the frequency of disruptions encountered, but they didn't control for the huge influence of the surgery type and the speed of the individual surgeon," the KU researcher said. "I think the beauty of my study is I controlled these two major factors."

Quan said no previous studies had proven that environmental design could shorten the time of a surgical procedure. "The breakthrough for my study is that it is the first to link the built environment of ORs to surgery duration," he said. "Naturally, if we experience more disruptions to our surgery process, we will have a longer surgery. But there are no previous research studies looking at that. My study was the first one to make the connection directly."

This is important, Quan said, because with efficient surgery scheduling, taking five to six minutes off each 80- to 100-minute surgery -- which is about what the quasi-experiment showed for the better-designed room -- might add up to two-hour savings in total staffing time for all staff members working in an OR per day. The savings are significant for healthcare organizations facing high labor costs. Not to mention that it's better for the patient in terms of better infection prevention, less waiting, faster recovery, et al.

The benefits could be even bigger with continuing optimization. Quan is planning research to see how OR design can be further improved to contribute even more to surgery efficiency and reduce surgery duration.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240918214043.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Can the MIND diet lower the risk of memory problems later in life? | ScienceDaily
People whose diet more closely resembles the MIND diet may have a lower risk of cognitive impairment, according to a study published in the September 18, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology. Results were similar for Black and white participants. These results do not prove that the MIND diet prevents cognitive impairment, they only show an association.


						
The MIND diet is a combination of the Mediterranean and DASH diets. It includes green leafy vegetables like spinach, kale and collard greens along with other vegetables. It recommends whole grains, olive oil, poultry, fish, beans and nuts. It prioritizes berries over other fruits and recommends one or more servings of fish per week.

"With the number of people with dementia increasing with the aging population, it's critical to find changes that we can make to delay or slow down the development of cognitive problems," said study author Russell P. Sawyer, MD, of the University of Cincinnati in Ohio and member of the American Academy of Neurology. "We were especially interested to see whether diet affects the risk of cognitive impairment in both Black and white study participants."

The study involved 14,145 people with an average age of 64. Of participants, 70% were white and 30% were Black. They were followed for an average of 10 years.

Participants filled out a questionnaire on their diet over the past year. Researchers looked at how closely the foods people were eating matched the MIND diet.

One point was given for each of the following: three or more daily servings of whole grains; six or more weekly servings of green leafy vegetables; one or more daily servings of other vegetables; two or more weekly servings of berries; one or more weekly servings of fish; two or more weekly servings of poultry; three weekly servings of beans; five daily servings of nuts; four or fewer weekly servings of red meat; one or fewer weekly servings of fast or fried foods; one or more weekly servings of olive oil; and one or fewer tablespoons of butter or margarine daily; five or fewer weekly servings of pastries and sweets; and one glass per day of wine. The total points possible was 12.

Researchers then divided participants into three groups. The low group had an average diet score of five, the middle group had an average score of seven and the high group had an average score of nine.




Thinking and memory skills were measured at the beginning and end of the study.

During the study, cognitive impairment developed in 532 people, or 12% of 4,456 people in the low diet group; in 617 people, or 11% of 5,602 people in the middle group; and in 402 people, or 10% of the 4,086 people in the high group.

After adjusting for factors such as age, high blood pressure and diabetes, researchers found people in the high group had a 4% decreased risk of cognitive impairment compared to those in the low group.

When looking at male and female participants, researchers found a 6% decreased risk of cognitive impairment for female participants who most closely followed the diet but no decreased risk for male participants.

Researchers also looked at how quickly people's thinking skills declined as they developed problems. They found that people who more closely followed the MIND diet declined more slowly than those who did not, and that association was stronger in Black participants than in white participants.

"These findings warrant further study, especially to examine these varying impacts among men and women and Black and white people, but it's exciting to consider that people could make some simple changes to their diet and potentially reduce or delay their risk of cognitive issues," said Sawyer.

A limitation of the study was it included only older Black and white people so results may not be the same for other populations.

The study was funded by the National Institute of Neurological Disorders and Stroke and the National Institute on Aging.
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Some diabetes drugs tied to lower risk of dementia, Parkinson's disease | ScienceDaily
A class of drugs for diabetes may be associated with a lower risk of dementia and Parkinson's disease, according to a study published in the September 18, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology.


						
The study looked at sodium-glucose cotransporter-2 (SGLT2) inhibitors, which are also known as gliflozins. They lower blood sugar by causing the kidneys to remove sugar from the body through urine.

"We know that these neurodegenerative diseases like dementia and Parkinson's disease are common and the number of cases is growing as the population ages, and people with diabetes are at increased risk of cognitive impairment, so it's encouraging to see that this class of drugs may provide some protection against dementia and Parkinson's disease," said study author Minyoung Lee, MD, PhD, of Yonsei University College of Medicine in Seoul, South Korea.

The retrospective study looked at people with type 2 diabetes who started diabetes medication from 2014 to 2019 in South Korea. People taking SGLT2 inhibitors were matched with people taking other oral diabetes drugs, so the two groups had people with similar ages, other health conditions and complications from diabetes. Then researchers followed the participants to see whether they developed dementia or Parkinson's disease. Those taking the SGLT2 inhibitors were followed for an average of two years and those taking the other drugs were followed for an average of four years.

Among the 358,862 participants with an average age of 58, a total of 6,837 people developed dementia or Parkinson's disease during the study.

For Alzheimer's disease, the incidence rate for people taking SGLT2 inhibitors was 39.7 cases per 10,000 person-years, compared to 63.7 cases for those taking other diabetes drugs. Person-years represent both the number of people in the study and the amount of time each person spends in the study.

For vascular dementia, which is dementia caused by vascular disease, the incidence rate for people taking the SGLT2 drugs was 10.6 cases per 10,000, compared to 18.7 for those taking the other drugs.




For Parkinson's disease, the incidence rate for those taking the SGLT2 drugs was 9.3 cases per 10,000, compared to 13.7 for those taking the other drugs.

After researchers adjusted for other factors that could affect the risk of dementia or Parkinson's disease, such as complications from diabetes and medications, they found that SGLT2 inhibitor use was associated with a 20% reduced risk of Alzheimer's disease and a 20% reduced risk of Parkinson's disease. Those taking the drugs had a 30% reduced risk of developing vascular dementia.

"The results are generally consistent even after adjusting for factors like blood pressure, glucose, cholesterol and kidney function," Lee said. "More research is needed to validate the long-term validity of these findings."

Lee said that since participants were followed for less than five years at the most, it's possible that some participants would later develop dementia or Parkinson's disease.

The study was supported by the Korea Health Technology R&D Project through the Korea Health Industry Development Institute, funded by the Ministry of Health & Welfare of Korea; Severance Hospital; and Yonsei University College of Medicine.
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Higher levels of leptin indicate brain protection against late-life dementia | ScienceDaily
New research is more closely linking obesity to dementia.


						
Higher levels of leptin, a hormone that helps maintain normal body weight, is associated with better signal-transmitting brain white matter in middle-aged adults, according to a study by The University of Texas Health Science Center at San Antonio (UT Health San Antonio).

"The findings support the known role of leptin variations in late-life dementia risk by relating its deficiency with changes in white matter structure, which is an early event in the process of cognitive impairment due to Alzheimer's disease or vascular dementia," said Claudia Satizabal, PhD, associate professor at the Glenn Biggs Institute for Alzheimer's and Neurodegenerative Diseases at UT Health San Antonio.

Satizabal is lead author of the study titled, "Leptin bioavailability and markers of brain atrophy and vascular injury in the middle age," published Aug. 12 in Alzheimer's & Dementia: The Journal of the Alzheimer's Association. Other authors also are with the Biggs Institute, as well as Tufts Medical Center in Boston; the Framingham Heart Study; Boston University School of Public Health; University of California-Davis; National and Kapodistrian University of Athens; and Columbia University.

Obesity and Alzheimer's

Alzheimer's disease is the leading cause of dementia, impacting the lives of millions of people worldwide, the study notes. Increasing evidence suggests that midlife obesity is an important contributor to the risk of developing the disease.

This has led to a growing interest in untangling the mechanisms linking obesity to Alzheimer's, which potentially extend through vascular, genetic and metabolic pathways. And the study of adipose or fatty tissue has led to significant insights.




Once viewed as a passive reservoir for energy storage, adipose tissue now is considered a part of the endocrine system, secreting a group of bioactive peptides known as adipokines, or cell-signaling molecules that play functional roles in the energy or metabolic status of the body, inflammation and obesity.

Leptin is an adipokine responsible for central control of food intake and energy homeostasis, and has been implicated in a variety of neurophysiological functions, including brain development, neurogenesis and neuroprotection.

Because of these effects, it has been considered a plausible mechanism in the pathway leading from obesity to Alzheimer's disease. It is supported by findings tying higher leptin levels to lower risk for incident Alzheimer's disease and mild cognitive impairment, as well as better structural brain indicators in older adults, the study notes.

Still, studies conducted in younger individuals have not detected associations between leptin and early indicators of brain damage preceding late-life dementia risk. Researchers in the new study at UT Health San Antonio aimed to gain further insights into the potential relationships of leptin with neurodegenerative and cerebrovascular burden.

Specifically, they investigated the associations of leptin markers with cognitive function and magnetic resonance imaging (MRI) measures of brain atrophy and vascular injury in healthy middle-aged adults.

They conducted neuropsychological evaluations of 2,262 cognitively healthy participants from the Framingham Heart Study, a long-term cardiovascular cohort study of residents from Framingham, Massachusetts, spanning three generations and now a project of the National Heart, Lung and Blood Institute, in collaboration with Boston University.




The scientists measured concentrations of leptin, its soluble leptin receptor and their ratio, known as the free leptin index, indicating leptin bioavailability, using enzyme-linked immunosorbent assays. Cognitive and MRI measures were derived using standardized protocols.

The results found a higher association of the soluble leptin receptor with lower fractional anisotropy, a biomarker of brain white-matter integrity, and peak-width skeletonized mean diffusivity, an imaging marker for white-matter injury. Correspondingly, a higher free leptin index was associated with higher fractional anisotropy.

These results were replicated in a study that included 89 cognitively healthy Hispanic participants from San Antonio, by MarkVCID, a consortium of U.S. academic medical centers whose mission is to identify and validate biomarkers for the small vessel diseases of the brain that produce vascular contributions to cognitive impairment and dementia (VCID).

Taken together, the researchers concluded that higher leptin bioavailability was associated with better white-matter integrity in healthy middle-aged adults, supporting the putative neuroprotective role of leptin in late-life dementia risk.
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Versatile knee exo for safer lifting | ScienceDaily
A set of knee exoskeletons, built with commercially available knee braces and drone motors at the University of Michigan, has been shown to help counteract fatigue in lifting and carrying tasks. They helped users maintain better lifting posture even when tired, a key factor in defending against on-the-job injuries, the researchers say.


						
"Rather than directly bracing the back and giving up on proper lifting form, we strengthen the legs to maintain it," said Robert Gregg, U-M professor of robotics and corresponding author of the study in Science Robotics. "This differs from what's more commonly done in industry."

Already workers who lift regularly, such as in construction and manufacturing, may use back braces. Back exoskeletons, which use springs or motors to help with lifting, are an emerging technology. But devices supporting the back assume unsafe lifting, or stooping, and back exoskeletons tend to be cumbersome devices that must be deactivated to allow motions that aren't part of the lifting task, Gregg said.

The Michigan team says their knee exoskeletons are the first to support the quadriceps muscles instead, which provide the bulk of the force in safe squat lifting, as a less intrusive way to help protect workers from back injuries. Study participants tested them out with lifting and carrying tasks using a 20 lb kettlebell.

The tasks included lifting the weight off the ground and setting it down again, and lifting and carrying the weight on flat ground, up and down an incline, and up and down stairs. The study found that, after becoming fatigued, the participants kept better posture with the help of the exoskeleton, and they also lifted faster -- just 1% slower than their pre-fatigued paces, versus 44% slower without the aid of the exoskeletons.

"This is especially important when a worker has to keep up with a conveyor belt. Usually, when a worker is fatigued, they'll keep up with that rate, but with a compromised posture. They'll bend their back more, and that's when injuries are most likely," said Nikhil Divekar, a postdoctoral research fellow in robotics at U-M and first author of the study.

The participants felt the benefit, too -- they mainly said they were quite or very satisfied, with the exception of walking on level ground, for which they were more or less satisfied. This tracks with the small amount of assistance required by the quadriceps during this relatively easy task; Gregg described it as just enough support to counteract the weight of the exoskeleton.




One of the keys to making the exoskeleton so wearable is the motors and the way that they are geared, which enables users to swing their knees freely for a natural gait. The other is the software, which predicts what kind of assistance the user needs by measuring the angle of the knee joint, the orientations of the thigh and lower leg, and the force picked up by a sensor in the user's shoe.

With these three measurements from both legs, it's possible to work out what motion the user is trying to do, and how much assistance to give. These measurements were taken 150 times per second, enabling the exos to move seamlessly between activities.

This approach is in contrast to many exo controllers, which follow predefined patterns for a limited set of tasks. Switching tasks can be a problem for these controllers, and they may need a full second to figure out what the user is trying to do, Gregg said.

"If your exo is trying to walk upstairs, and you're trying to walk downstairs, that could be a problem, right?" he said.

The new controller also pairs a physics model with machine learning, which prevents the exoskeleton from making unexpected moves if the user begins behaving differently than any activity included in the controller's training data.

The lab prototypes cost about $4,000 per pair, so Gregg anticipates that if the exoskeletons were produced at scale, they might cost about $2,000 per pair.

The 10 study participants, five women and five men, did all the tasks on two different days, one day fresh and the other fatigued. To induce fatigue, each participant performed a series of squat lifts with the kettlebell until they couldn't continue without a long break between repetitions. All participants had experience with proper squat lifting techniques.

The study was funded by the National Institutes of Health.

The team has applied for patent protection with the assistance of U-M Innovation Partnerships and is seeking partners to bring the technology to market.
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Breast and ovarian cancer newly linked to thousands of gene variants | ScienceDaily
Scientists have pinpointed thousands of genetic changes in a gene that may increase a person's risk of developing breast and ovarian cancer, paving the way for better risk assessment and more personalised care.


						
Researchers from the Wellcome Sanger Institute and their collaborators focused on the 'cancer protection' gene RAD51C, finding over 3,000 harmful genetic changes that could potentially disrupt its function and increase ovarian cancer risk six-fold and risk of aggressive subtypes of breast cancer four-fold. These findings were confirmed by analysing data from large-scale health databases.

The findings, published today (18 September) in Cell, are freely available so that they can be immediately used to help doctors and diagnostic laboratory scientists better assess cancer risk, especially for individuals with a family history of these cancers, reducing the uncertainty that often accompanies genetic testing.

The study also identified regions of the protein essential for its function, pointing to new roles in cancer development and potential therapeutic targets.

Breast cancer is the most common cancer in the UK, with around 56,800 new cases every year. One in seven UK females will be diagnosed with breast cancer in their lifetime. Ovarian cancer is the sixth most common cancer in females in the UK, with around 7,500 new cases every year.

The RAD51C gene encodes a protein crucial for DNA repair. Variants in this gene that stop the protein from working are known to increase the risk of breast and ovarian cancers and rarely, if there are two harmful gene changes are present, may result in Fanconi Anaemia, a severe genetic disorder. Women with a faulty RAD51C gene face a 15 to 30 per cent lifetime risk of developing breast cancer and a 10 to 15 per cent risk of developing ovarian cancer.

While genetic testing is common for individuals with a strong family history of cancer, the health impacts of most RAD51C variants were previously unknown. This uncertainty over cancer risk often leaves patients and doctors struggling to determine appropriate medical care moving forward.




In this new study, researchers from the Wellcome Sanger Institute and their collaborators set out to understand the effect of 9,188 unique changes in the RAD51C gene by artificially altering the genetic code of human cells grown in a dish, in a process known as 'saturation genome editing'. They identified 3,094 of these variants that may disrupt the gene's function and increase cancer risk, with an accuracy above 99.9 per cent when compared to clinical data. Analysis of UK Biobank data and an ovarian cancer cohort of over 8,000 individuals further confirmed the link between these harmful RAD51C variants and cancer diagnoses.

By mapping the protein structure, the team also identified crucial surface areas of RAD51Cessential for its DNA repair function. These regions may interact with other, yet-to-be-identified proteins or play a role in processes such as phosphorylation, offering valuable insights for drug development and potential new treatment targets.

The study also revealed the existence of 'hypomorphic alleles' -- a type of variant that reduces the RAD51C gene's function without completely disabling it. These appear to be more common than previously thought and may significantly contribute to breast and ovarian cancer risk.

Rebeca Olvera-Leon, first author of the study at the Wellcome Sanger Institute, said: "This research demonstrates that genetic risk for breast and ovarian cancer isn't a simple yes-or-no scenario, but exists on a spectrum based on how genetic changes affect protein function. With a more comprehensive understanding of how RAD51C genetic variants contribute to cancer risk, this opens up new possibilities for more accurate risk prediction, prevention strategies, and potentially targeted therapies."

Dr Andrew Waters, co-senior author of the study at the Wellcome Sanger Institute, said: "This work demonstrates the power of analysing genetic variants on a large scale within their genomic context. Not only can we understand how cancer-related DNA changes affect patients, helping with clinical decisions, but we can also explore how these variants impact the gene's function at a detailed molecular level. This provides important insights into how proteins work and how genes evolve over time."

Dr David Adams, co-senior author of the study at the Wellcome Sanger Institute, said: "The strong connection between harmful variants and cancer in large studies suggests that this approach to variant classification could be a valuable tool in personalised medicine and cancer prevention. We aim to extend this technique to many other genes, with the goal of covering the entire human genome in the next decade through the Atlas of Variant Effects."

Professor Clare Turnbull, clinical lead of the study, Professor of Translational Cancer Genetics at The Institute of Cancer Research, London, and Consultant in Clinical Cancer Genetics at The Royal Marsden NHS Foundation, said: "These new data will be highly useful for diagnostic laboratories to better understand the RAD51C gene changes that we identify on clinical genetic testing in cancer patients and their family members. The assay data will help us to conclude which gene changes are harmful and which are innocent. This aids our decision making regarding which patients might benefit from offer of extra breast cancer screening and preventive surgery of the ovaries."
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Homemade 'play-putty' can read the body's electric signals | ScienceDaily
A new study by University of Massachusetts Amherst researchers demonstrates the effectiveness of homemade play putty at reading brain, heart, muscle and eye activity. Published in Device, the research outlines the conductive properties of this material, so-named "squishy circuits."


						
"[Squishy circuits] are literally child's play putty, that is also conductive" describes Dmitry Kireev, assistant professor of biomedical engineering and senior author on the paper.

The conductive squishy circuits -- whether homemade or store-bought- are made of flour, water, salt, cream of tartar and vegetable oil. "Salt is what makes it conductive," Kireev explains. As a child's toy, this modeling clay is a maleable way to add lights to an art projectby connecting them to a power source as a way to teach kids about circuits. Now, Kireev and his team have demonstrated that the material has more potential.

"We used the squishy circuits as an interface to measure electricity or measure bioelectrical potentials from a human body," he says. They found that, compared to commercially available gel electrodes, these squishy circuits effectively captured various electrophysiology measurements: electroencephalogram (EEG) for brain activity, electrocardiogram (ECG) for heart recordings, electrooculogram (EOG) for tracking eye movement and electromyography (EMG) for muscle contraction.

"What makes one electrode material better than another in terms of the quality of the measurements is impedance," he explains. Impedance is a measure that describes the quality of conductivity between two materials. "The lower the impedance between the electrode and the tissue, the better the conductivity in between and the better your ability to measure those bioelectrical potentials."

The study found that the impedance for the squishy circuit electrode was on par with one of the commercially available gel electrodes and twice as better as a second comparison electrode.

Kireev highlights several benefits to this material. First is cost: Even using pre-made putty, the cost per electrode was about 1cent. Typical electrodes cost on average between $0.25 and $1.

Also, the material is resilient: it can be formed and reformed, molded to the contours of the skin, combined with more putty to make it bigger, reused and easily reconnected if it comes apart. Other comparable state-of-the-art wearable bioelectronics have been made of carbon nanotubes, graphene, silver nanowires and organic polymers. While highly conductive, these materials can be expensive, difficult to handle or make, single use or fragile.

Kireev also highlights the availability of these materials. "It's something you can do at home or in high school laboratories, for example, if needed," he says. "You can democratize these applications [so it's] more widespread."

He gives credit to his research team of undergraduate students (some of whom have since graduated and are continuing with graduate studies at UMass): Alexandra Katsoulakis, Favour Nakyazze, Max Mchugh, Sean Morris, Monil Bhavsar and Om Tank.
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Metal exposure can increase cardiovascular disease risk | ScienceDaily
Metal exposure from environmental pollution is associated with increased calcium buildup in the coronary arteries at a level comparable to traditional risk factors like smoking and diabetes, according to a study published today in JACC, the flagship journal of the American College of Cardiology. The findings support that metals in the body are associated with the progression of plaque buildup in the arteries and potentially provide a new strategy for managing and preventing atherosclerosis.


						
"Our findings highlight the importance of considering metal exposure as a significant risk factor for atherosclerosis and CVD," said Katlyn E. McGraw, PhD, a postdoctoral research scientist at Columbia University Mailman School of Public Health and lead author of the study. "This could lead to new prevention and treatment strategies that target metal exposure."

Atherosclerosis is a condition in which the arteries become narrowed and hardened due to a buildup of plaque. This can restrict blood flow and cause clots to form. It's an underlying cause of heart attacks, strokes, and peripheral artery disease (PAD), the most common forms of cardiovascular disease (CVD). Atherosclerosis causes coronary artery calcium (CAC), which can be measured non-invasively to predict future cardiac events.

"This groundbreaking study underscores the critical associations of metal exposure from environmental pollution to cardiovascular health," said Harlan M. Krumholz, the Harold H. Hines, Jr. Professor at Yale and Editor-in-Chief of JACC. "It challenges us to broaden our approach to CVD prevention beyond traditional risk factors and to advocate for stronger environmental regulations, and it underscores the need for continued research in this critical area."

Exposure to environmental pollutants like metals is a newly recognized risk factor for CVD, but there isn't a lot of research on its association with CAC. Researchers in this study sought to determine how urinary metal levels, biomarkers of metal exposure and internal doses of metals impact CAC.

Researchers used data from the Multi-Ethnic Study of Atherosclerosis (MESA) prospective cohort, tracking 6,418 men and women aged 45-84 from diverse racial backgrounds free from clinical CVD, to measure urinary metal levels at the beginning of the study in 2000-2002. They examined non-essential (cadmium, tungsten, uranium) and essential (cobalt, copper, zinc) metals, both common in U.S. populations and associated with CVD. Widespread cadmium, tungsten, uranium, cobalt, copper, and zinc pollution occurs from agricultural and industrial uses such as fertilizers, batteries, oil production, welding, mining, and nuclear energy production. Tobacco smoke is the main source of cadmium exposure.

Results provided evidence that metal exposure may be associated with atherosclerosis over 10 years by increasing coronary calcification.




Comparing the highest to lowest quartile of urinary cadmium, CAC levels were 51% higher at baseline and 75% higher over the 10-year period. For urinary tungsten, uranium and cobalt, the corresponding CAC levels over the 10-year period were 45%, 39%, and 47% higher, respectively. For copper and zinc, the corresponding estimates dropped from 55% to 33% and from 85% to 57%, respectively, after adjustment for clinical factors.

Non-essential and essential urinary metal levels also varied by demographic characteristics. Higher urinary metal levels were seen in older participants, Chinese participants and those with less education. Participants from Los Angeles had markedly higher urinary tungsten and uranium levels, and somewhat higher cadmium, cobalt, and copper levels.

The study's analysis also considered traditional CVD risk factors such as smoking, diabetes, and LDL-cholesterol levels. The associations between metals and CAC progression were comparable in magnitude to those for traditional risk factors.

"Pollution is the greatest environmental risk to cardiovascular health," McGraw said. "Given the widespread occurrence of these metals due to industrial and agricultural activities, this study calls for heightened awareness and regulatory measures to limit exposure and protect cardiovascular health."

Limitations of the study include the unavailability of plaque transition measures in MESA, changes in exposure sources and other factors causing variability of certain measured metals, and the potential for residual and unknown confounding of time-varying exposure measurements.

In an accompanying editorial comment, Sadeer Al-Kindi, MD, Associate Director of Cardiovascular Prevention and Wellness at the Houston Methodist DeBakey Heart and Vascular Center, said the evidence of the study has important implications for public health, health equity and clinical practice.

"The field of environmental cardiovascular medicine, exemplified by this research, offers an emerging frontier in cardiovascular disease prevention and treatment," Al-Kindi said. "Addressing environmental risk factors like metal exposure will significantly reduce the global burden of cardiovascular disease and address long-standing health disparities."
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Like humans, artificial minds can 'learn by thinking' | ScienceDaily
Some of the greatest discoveries don't come merely from observations but from thinking. Einstein developed theories about relativity through thought experiments, and Galileo derived insights about gravity through mental simulations. A review published September 18 in the journal Trends in Cognitive Sciences shows that this process of thinking is not exclusive to humans. Artificial intelligence, too, is capable of self-correction and arriving at new conclusions through "learning by thinking."


						
"There are some recent demonstrations of what looks like learning by thinking in AI, particularly in large language models," says author Tania Lombrozo, a professor of psychology and co-director of the Natural and Artificial Minds initiative at Princeton University. "Sometimes ChatGPT will correct itself without being explicitly told. That's similar to what happens when people are engaged in learning by thinking."

Lombrozo identified four examples of learning by thinking in humans and AI: learners can acquire new information without external input through explanation, simulation, analogy, and reasoning. In humans, explaining how a microwave works to a child might reveal the gaps in our understanding. Rearranging furniture in the living room often involves creating a mental image to simulate different layouts before making any physical changes. Downloading pirated software may initially seem morally acceptable until one draws an analogy to the theft of physical goods. If you know that a friend's birthday is on a leap day and tomorrow is a leap day, you can reason that your friend's birthday is tomorrow.

AI shows similar learning processes. When asked to elaborate on a complex topic, AI may correct or refine its initial response based on the explanation it provides. The gaming industry uses simulation engines to approximate real-world outcomes, and models can use the outputs of simulations as inputs to learning. Asking a language model to draw analogies can lead it to answer questions more accurately than it would with simple questions. Prompting AI to engage in step-by-step reasoning can lead it to answers it would fail to reach with a direct query.

"This poses the question of why both natural and artificial minds have these characteristics. What function does learning by thinking serve? Why is it valuable?" says Lombrozo. "I argue that learning by thinking is a kind of 'on-demand learning.'"

When you learn something new, you don't know how the information may serve you in the future. Lombrozo says people can squirrel away the knowledge for later -- until the context makes it relevant and worthwhile to expend the cognitive effort to think and learn.

Lombrozo acknowledges the challenges in defining the boundaries between reasoning, learning, and other high-level cognitive functions, which is an area of debate within the field of cognitive sciences. The review also raises more questions, some of which Lombrozo plans to explore further, such as whether AI systems are actually "thinking" or simply mimicking the outputs of such processes.

"AI has gotten to the point where it's so sophisticated in some ways, but limited in others, that we have this opportunity to study the similarities and differences between human and artificial intelligence," says Lombrozo. "We can learn important things about human cognition through AI and improve AI by comparing it to natural minds. It's a pivotal moment where we're in this new position to ask these interesting, comparative questions."
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Discarding the placenta after birth leads to loss of valuable information, pathologists say | ScienceDaily

"Placentas should not be considered a waste tissue," says senior author Mana Parast, MD, PhD, professor of pathology at University of California San Diego School of Medicine. "They can teach us a lot about not just what went wrong in a pregnancy, but also inform about subsequent pregnancies for the health of the pregnant person and baby."

The placenta is critical to the exchange of nutrients and waste products between the developing offspring and the pregnant person. If the placenta becomes diseased, it can impact the parent and offspring, both during pregnancy and later in life. At its most severe, placental pathology can cause stillbirths, and this is the medical scenario in which placentas are most often examined clinically. However, different types of placental pathology are also associated with small birth size and neurological issues in infants, and with hypertension (preeclampsia) and other cardiovascular issues in the parent.

"Placental pathology can potentially identify not just the cause of an adverse outcome in the baby, but also insight into why something happened in the mom, and what that means for their health in the future," says Parast, perinatal pathologist and director of the perinatal pathology service at UC San Diego Health. "For example, we're learning that a particular lesion in the placenta called decidual arteriopathy is potentially a marker for future cardiovascular disease in women, and other lesions can tell you whether preeclampsia or stillbirth is likely to recur in subsequent pregnancies."

Examining placentas of preterm babies can also inform their immediate care by helping to detect fungal infections that would otherwise take days to identify.

"Preterm babies that go to the neonatal intensive care unit usually receive antimicrobial antibiotics to prevent bacterial infections that might have taken hold, because premature babies don't have a very good immune system, but they're not given antifungals," says Parast. "Culturing for fungal infections in blood takes a few days, but if we quickly examine the placentas of preterm babies for signs of fungal infection, we can immediately alert the NICU team to add an anti-fungal to the regimen."

Despite the wealth of information that they provide, placentas are underutilized clinically. To start to remedy this, the researchers suggest that clinicians begin by incorporating placental pathology into the care for complicated pregnancies.

"There are hospitals in the United States where all placentas are examined by the pathologists, even for uncomplicated pregnancies, and sometimes that evaluation prompts additional examination, but that definitely takes a lot more resources," says Parast.

Though the implications of some patterns of placental pathology are known, others remain unclear, and very little is known about why these placental issues occur. For these reasons, the researchers say that placental research deserves more research funding and needs to be incorporated into prospective clinical trials.

"Incorporating placental evaluations into ongoing clinical trials will provide even more information about how different placental lesions relate to the patients' current and future health, and the underlying pathophysiology behind these lesions," says Parast. "If placental pathology isn't incorporated into these trials, it's kind of like if a cancer trial was conducted without pathology -- they would just be driving blind."
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Researchers use machine learning to improve cardiovascular risk assessment | ScienceDaily
Risk calculators are used to evaluate disease risk for millions of patients, making their accuracy crucial. But when national models are adapted for local populations, they often deteriorate, losing accuracy and interpretability. Investigators from Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system, used advanced machine learning to increase the accuracy of a national cardiovascular risk calculator while preserving its interpretability and original risk associations. Their results showed higher accuracy overall in an electronic health records cohort from Mass General Brigham and reclassified roughly one in ten patients into a different risk category to facilitate more precise treatment decisions. The results are published in JAMA Cardiology.


						
"Risk calculators are incredibly important as they are an integral part of the conversation between providers and patients on risk prevention," said first author Aniket Zinzuwadia, MD, a resident physician in Internal Medicine at Brigham and Women's Hospital. "But sometimes, when applying these global calculators to local populations, there is variability inherent to the nature of an area -- whether that is different demographic characteristics, different physician practice patterns, or different risk factors -- so we wanted to find a way to tailor the foundational cardiovascular disease risk model to local populations in a safe way that builds upon what is already being done."

The American Heart Association released the Predicting Risk of Cardiovascular Disease Events (PREVENT) calculator in 2023 for adults ages 30-79. This new and improved tool helps predict the likelihood of a person developing a heart attack, stroke, or heart failure in 10 years and in 30 years. While the PREVENT equations have done well at assessing risk at a national level, the researchers wanted to test if their technique could better calibrate the risk assessment for more local populations.

In the study, researchers used electronic health record data from 95,326 Mass General Brigham patients who were 55 or older in 2007 and who had at least one lipid or blood pressure measurement between 1997-2006 and at least one encounter with the hospital system between 2007-2016. The team used XGBoost, an open-source machine learning library, to recalibrate PREVENT's equations while still preserving the associations of known risk factors with the outcomes observed in the original model. The results demonstrated greater accuracy and the reclassification of one out of ten patients in this population.

"This could theoretically represent a group of patients that might not have been prescribed statin therapies in the original application of the model, for example, but who might have benefited from them," said Zinzuwadia.

While more steps are needed before this technique could be applied to patient care, the team would like to see how it performs in the local populations of other healthcare systems and, eventually, for clinicians and researchers to use the tool to tailor global risk models.

"A major challenge of applying AI to medical research is ensuring that machine learning models are not just flexible, but also transparent, reliable, and grounded in domain knowledge," said co-senior author Olga Demler, PhD, an associate biostatistician at Brigham and Women's Hospital's Division of Preventive Medicine. "Our approach shows that it is possible to avoid the 'black box' nature of AI applications and may offer a path forward where sophisticated algorithms can retain their flexibility while producing guarantees of their performance."

Authorship: Additional authors include Olga Mineeva, Chunying Li, Zareen Farukhi, Franco Giulianini, Brian Cade, Lin Chen, Elizabeth Karlson, Nina Paynter, and Samia Mora.

Disclosures: Samia Mora has served as a consultant to Pfizer for work outside the current study. Olga Demler and Nina Paynter have received funding from Kowa Research Institute for work unrelated to the current study. Aniket Zinzuwadia has served as an employee of Heartbeat Health for work outside the current study.

Funding: Researchers were supported by the National Heart, Lung, and Blood Institute (K24 HL136852, R21 HL156174, R21HL167173, K01HL135342, and R21125962), the American Heart Association (17IGMV33860009), the Swiss Federal Institute of Technology (ETH, Zurich, Switzerland), Dataspectrum4CVD from the Swiss Data Science Center/Personalized Health & Related Technologies, Zurich, Switzerland, and the National Human Genome Research Institute (U01HG008685).
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Breakthrough in fertility treatment: Prostaglandin receptors found to promote embryo implantation | ScienceDaily
A team from Kumamoto University has uncovered a new mechanism that could revolutionize infertility care by promoting embryo implantation. The discovery focuses on prostaglandin (PG) receptors in the uterus that enhance the critical process of decidualization, which is necessary for a successful pregnancy. This finding opens the door to developing new fertility treatments that target these receptors.


						
Prostaglandins are bioactive lipids known for their role in body's response to injury by causing fever and pain, but they are also crucial in reproductive processes like childbirth. Until now, the exact role prostaglandins played in embryo implantation was unclear. A research team led by Professor Yukihiko Sugimoto and Assistant Professor Tomoaki Inazumi, found that two types of prostaglandins -- PGD2 and PGE2 -- produced in the uterus during the early stages of pregnancy, activate specific receptors, DP and EP4, to promote the formation of the decidual tissue that supports embryo implantation.

The team discovered that when either the DP or EP4 receptor is stimulated, decidualization is enhanced, allowing the embryo to implant more effectively, further implying that both PGD2-DP and PGE2-EP4 receptor pathways compensate for each other's function. This groundbreaking discovery suggests that boosting these pathways with specialized drugs, called DP/EP4 agonists, could help women struggling with infertility due to implantation issues.

Professor Sugimoto, the leader of the research team at the Faculty of Life Sciences, Kumamoto University, remarked, "This approach may provide new possibilities for fertility treatments, offering hope to couples facing implantation challenges."

This novel understanding of how prostaglandin receptors aid in implantation paves the way for innovative infertility therapies, potentially transforming reproductive medicine by improving the chances of pregnancy for many individuals.
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What numbers do you see? A new bistable perceptual phenomenon on symbolic numbers | ScienceDaily
Perceptual recognition of numerical characters, like Arabic numerals, is indispensable for our daily activities in the modern society. Studying the perceptual and neural mechanisms that endow us with the ability to understand those characters is an important scientific topic. In this project, researchers explored a bistable perceptual phenomenon of a specially designed character named occluded digital numeral, to get a deeper understanding of the mechanisms underpinning the perceptual recognition of numbers.


						
The digital numeral is a special version of number fonts designed for application in electronic products like traffic countdown timers, digital calculators, and many other LED broadcasting panels. Sometimes, an accidental partial occlusion of these characters results in an intriguing perceptual phenomenon, that one digital numeral can be recognized as having multiple, usually two, semantic meanings. "Because of the simple design of digital numerals, a partial occlusion causes visual ambiguities. In other words, the visual input does not contain enough information for us to make a unique semantic interpretation of the occluded numerical character," said Dr. Junxiang Luo of the National Institute for Physiological Sciences, a researcher who led this project.

Researchers then performed a behavioral experiment on healthy human participants using visual adaptation tasks. This task paradigm examined how the exposure to specific types of visual input bias perception. Specifically, they found that after long-time presentation of normal digital numerals to the visual system, participants tended to report seeing a unique number biased away from the adaptation numeral.

"Visual adaptation selectively reduces the neural sensitivity of a certain visual processing stage to a certain category of visual stimuli, so by evaluating how much the interpretation biases away from the bistable state after adaptation to different types of visual information, we have a chance to know at which visual processing level that the perceptual recognition of numerals may happen," said Dr. Luo.

The researchers selected a series of candidate adaptation stimuli. They demonstrated that the bistability does not depend on either low-level visual information such as simple visual features, or high-level information such as semantics, and these results suggest a contribution of midlevel visual processing that encodes complex shapes and symbolic number forms.

The perceptual phenomenon discovered in this psychophysical study has the potential to be extended to physiological studies in the future, in which researchers can compare brain activity among different perceptual interpretations of the same occluded numerals. "We hope to extend this study using some physiological methods to get a deeper understanding and more precise localization of the brain areas which generate the perceptual bistability," said Dr. Luo.

The results are published in Journal of Vision on September 17th, 2024. Dr. Isao Yokoi and Professor Hiromasa Takemura of the National Institute for Physiological Sciences and Dr. Serge Dumoulin of the Spinoza Centre for Neuroimaging also contributed this research.
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Silencing in action: How cells 'repress' genomic remnants of ancient viruses | ScienceDaily
For any organism to survive and thrive, its cells must strictly control which genes are active when and where. New research from EMBL Heidelberg's Noh Group and their collaborators from EMBL Australia sheds light on some of the key control sites that regulate this process, especially with respect to the activity of ancient viral sequences in the genome.


						
Our genomes are huge -- a typical human cell contains DNA with over 6 billion units of information (measured in 'base pairs'). However, this treasure trove of information poses a challenge when it comes to looking up the right information at the right time to perform a specific function. This is where epigenetic signatures come into play.

If you imagine the genome as a book, epigenetic marks are the highlights on its pages and the notes in its margins. Now, it is not always easy to know whether these marks are 'instructive' -- i.e. do they tell the cell "Here, read this" or "Don't read this"? Or are they simply marks left behind by a previous reader, indicating that that portion of the book was visited before?

It was this question that interested Kyung-Min Noh, Group Leader at EMBL Heidelberg, and her team. The researchers decided to focus on a molecule called H3.3, which belongs to a class of proteins called histones. Histones tightly bind to DNA in cells and help form its functional structure.

The H3.3 protein has a couple of spots on its tail (called K9 and K27) which are frequently chemically modified. It is hypothesised that these modifications are epigenetic marks that help the cell make decisions regarding gene expression. However, until now, it had never been experimentally proven that these are true control sites that instruct gene expression.

The researchers decided to experimentally mutate these sites, thus creating a version of H3.3 which could not be chemically modified at these spots. Considering our book analogy above, this created a protected page which could not be highlighted or marked, allowing the scientists to directly explore what the consequences of losing such marks would be.

Moreover, this system allowed the researchers to vary which page was protected, allowing them to draw comparisons between the loss of modifications at one or the other control site.




The scientists found that the mutation of these sites in mouse stem cells not only resulted in defects in cell differentiation, growth, and survival, it also caused spurious activation of genes across the genome. This included genes that should not be expressed in stem cells, such as immune system-specific genes.

This suggested that a normal function of these sites is to maintain those genes in an inactivated -- or 'repressed' -- state, allowing stem cells to remain stem cells. These effects were also different for the two control sites studied, showing that each of them plays a distinct role in gene regulation.

Upon further analysis, the researchers found that some of these regions, which are typically repressed but were activated upon mutating the histone sites, are ancient remnants of viruses that have integrated into our genomes.

"These regions are also called endogenous retroviruses (ERVs)," explained Matteo Trovato, former PhD student in the Noh group and the first author of the study, currently a postdoc at IFOM, Italy. "Throughout evolution, they have been co-opted by the host's genome to exert regulatory functions. In immune cells, for example, 30% of the enhancers (a specific type of regulatory DNA element) are derived from ERVs."

The researchers found that by modifying the K9 site in stem cells, many such 'cryptic' enhancers -- regulatory DNA regions that are normally silenced -- became active.

"Repression of these unique genomic regions is crucial for preserving the cell's gene expression program balance," said Noh. "Activation of the cryptic enhancers triggers a widespread rewiring of the gene regulatory network, ultimately impacting stem cell identity and functionality."

The study was carried out in collaboration with Chen Davidovich's group in EMBL Australia, Benjamin Garcia's lab at Washington University, St. Louis, and Judith Zaugg's team at EMBL Heidelberg. The results were recently published in the journal Nature Communications. 

"This is one of the first few studies conducted in a mammalian system showing that these histone residues play a causal role in gene regulation," said Noh. "Understanding this process could have broader implications for developmental biology and disease research, particularly in cancer and neurological disorders, where gene regulation plays an essential role."
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Creating full-taste, reduced alcohol wine and spirits: New trial opens realm of possibilities | ScienceDaily
A world-first study has successfully used Porous Liquids to achieve liquid-liquid separation for the first time, creating exciting potential for advancing both environmental sustainability and public health.


						
The research conducted by scientists at the University of Birmingham and Queen's University Belfast discovered that Porous Liquids (PLs), meaning liquids with permanent cavities, can separate harmful or unwanted alcohols from existing aqueous mixtures.

The concept was trialled to address the major challenge within the aeronautical industry involving the commonly used, yet environmentally harmful, de-icer monoethylene glycol (MEG). MEG-watermixtures are used for de-icing, but this creates a harmful run-off posing significant risks, especially to aquatic species. Researchers were able to use Type 3 Porous Liquids to effectively absorb MEG while leaving the water behind, in some cases consuming 88% of the PL pore volume.

The discovery prompted further investigation into alternative ways this new method of liquid-liquid extraction could be used in other industries such as drinks manufacturing. The research team went on to use a non-toxic, pH-resistant PL to successfully reduce the alcohol content in wine and gin, potentiallywithout detracting from the drinks' flavour profiles.

Assistant Professor Deborah Crawford from the University of Birmingham says this discovery holds a lot of potential. She said, "Porous Liquids were invented by Professor Stuart James at Queens University Belfast more than 10 years ago, but this is the first time they have been used for a liquid-liquid extraction. As part of this research we visited airports where there are huge tanks of this MEG-water waste mixture just sitting around. No one knows what to do with it because it's too harmful to simply drain into the environment, so it's just stored. Our testing showed that these Porous Liquids can now make it possible to extract the MEG from the water.

"A similar process allowed us to reduce the level of alcohol in gin and wine creating low alcohol options whilst potentially retaining all the flavour; something which most low/no alcohol brands currently struggle with. This innovation could be a game changer for the drinks manufacturing industry as it aligns with the growing consumer demand for low-alcohol beverages that look, smell and taste like favourite drinks but minimises the less desirable after-effects. We're incredibly excited to take this concept to the next level and ultimately see it implemented."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240918124927.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New Alzheimer's studies reveal disease biology, risk for progression, and the potential for a novel blood test | ScienceDaily
The failure to diagnose Alzheimer's disease, the most common form of dementia in the elderly, at an early stage of molecular pathology is considered a major reason why treatments fail in clinical trials. Previous research to molecularly diagnose Alzheimer's disease yielded "A/T/N" central biomarkers based on the measurements of proteins, b-amyloid ("A") and tau ("T"), and "N" encompassing neurodegeneration. A/T/N can be measured in brain tissue, by in vivo brain imaging techniques, and by analysis of cerebrospinal fluid and plasma.


						
Alzheimer's disease is thought to be triggered by combinations of genetic and environmental risk factors.Blood-based biomarkers such as plasma microRNAs (miRNAs) -- molecules that regulate genome-environment interactions and control the expression of genes governing brain functions which deteriorate in Alzheimer's -- could offer advantages of cost-savings, accessibility and decreased invasiveness.

Two new papers by a team of researchers at Boston University, the Indiana University School of Medicine and the Alzheimer's Disease Neuroimaging Initiative (ADNI), and the German Center for Neurodegenerative Diseases (DZNE) in Goettingen, Germany, published in Alzheimer's & Dementia: The Journal of the Alzheimer's Association demonstrate that evaluating microRNAs in blood can be used not only to diagnose mild cognitive impairment (MCI) but also, critically, to predict the conversion from MCI to dementia due to Alzheimer's disease. Moreover, the researchers uncovered microRNA candidate molecular biomarkers that associate with current Amyloid, Tau, and Neurodegeneration (A/T/N) Alzheimer's biomarkers.

"Our papers are the result of a successful collaboration that tied the technology developed by professor Andre Fischer in Germany's DZNE to reliably measure the levels of microRNA in human plasma, and the power of blood samples obtained from hundreds of ADNI participants participating in a simulated clinical trial taking place at about 60 medical centers across the US and Canada. Our discovery is important because, unlike the current A/T/N biomarkers, microRNAs may serve as blood molecular biomarkers years before Alzheimer's disease manifests clinically, thus identifying the time window for effective prevention or early intervention to stop the progression of Alzheimer's," explained one of four senior authors Ivana Delalle, MD, PhD, professor of pathology & laboratory medicine at Boston University Chobanian & Avedisian School of Medicine.

The other senior authors are Andre Fischer, PhD, DZNE speaker and professor of epigenetics of neurodegenerative diseases at University Medical Center Goettingen, Germany; Kwangsik Nho, PhD, professor of radiology and imaging sciences at the IU School of Medicine; and Andrew J. Saykin, PsyD, Raymond C. Beeler Professor of Radiology and director of the Center for Neuroimaging and the Indiana Alzheimer's Disease Research Center at the IU School of Medicine. The work was funded by the National Institutes of Health's National Institute on Aging multisite project RF1AG078299. "MicroRNAs as Diagnostic and Prognostic Biomarker of Alzheimer's Disease" that supports the teams of researchers in multiple institutions.

The researchers examined miRNA expression in the plasma samples of three diagnostic groups of participants -- cognitively normal, mildly cognitively impaired and dementia due to Alzheimer's disease patients. They found that, when combined with neuropsychological testing, plasma microRNAome evaluation helps predict which aging individuals concerned about cognitive decline will progress to develop Alzheimer's.

"These findings provide a path toward a better understanding the molecular mechanisms driving plaques, tangles and atrophy, and may provide clues for the next generation of therapeutic targets," Saykin said.




While these are exciting times with novel therapies for Alzheimer's disease entering clinical care, the researchers note that those therapies only will work in a real-world setting if patients at risk are identified as early as possible.

"MicroRNAs are ideal biomarkers since they are not only very stable but also control entire molecular pathways thereby ensuring cellular homeostasis. As such one microRNA can simultaneously control many proteins belonging to a certain pathway," Fischer said. "Therefore, the analysis of a few microRNAs can inform about complex pathological changes reflecting multiple pathways, such as neuroinflammation, metabolic changes, or synapse dysfunction. Thus, we need biomarkers that allow screening applicable in a point-of-care setting. Our studies are an important step in this direction."

"We have laid the groundwork for further investigations into the role of microRNAs in Alzheimer's disease pathogenesis," Nho said. "We envision that once specific miRNA signatures are further confirmed, the analysis of blood miRNAs will be transferred to simple assay formats enabling the adoption of blood miRNAome analysis in clinical practice."

The researchers said improved tools for the early detection of Alzheimer's are indispensable for developing prevention and treatment strategies for the disease that is causing enormous suffering and burdens health care systems around the world.
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Nanotechnology: DNA origami with cargo function | ScienceDaily
LMU chemists present two studies that open up new possibilities for biotechnological applications.


						
In the world of nanotechnology, the development of dynamic systems that respond to molecular signals is becoming increasingly important. The DNA origami technique, whereby DNA is programmed so as to produce functional nanostructures, plays a key role in these endeavors. Teams led by LMU chemist Philip Tinnefeld have now published two studies showing how DNA origami and fluorescent probes can be used to release molecular cargo in a targeted manner.

In the journal Angewandte Chemie, the researchers report on their development of a novel DNA-origami-based sensor that can detect lipid vesicles and deliver molecular cargo to them with precision. The sensor works using single-molecule Fluorescence Resonance Energy Transfer (smFRET), which involves measuring the distance between two fluorescent molecules. The system consists of a DNA origami structure, out of which a single-stranded DNA protrudes, which has been labeled with fluorescent dye at its tip. If the DNA comes into contact with vesicles, its conformation changes. This alters the fluorescent signal, because the distance between the fluorescent label and a second fluorescent molecule on the origami structure changes. This method allows vesicles to be detected.

Sensor is transferred precisely

In a second step, the system can be used as a means of transporting molecules, with the sensing strand serving as molecular cargo that can be transferred to the vesicle. Through a further modification of the system, the researchers were also able to precisely control the transfer of the cargo.

Lipid vesicles play a key role in many cellular processes, such as molecular transport and signal transmission. As such, the ability to detect and manipulate them is particularly interesting for biotechnological applications like the development of targeted therapies. The approach laid out here could show a way to load lipid nanoparticles with a precisely defined number of molecules in applications such as vaccines. "Our system also offers promising approaches for biological research when it comes to better understanding and controlling cellular processes at the molecular level," says Tinnefeld.

Controllable conformational changes

In the second study, which was recently published in the journal Nature Communications, a second team led by Tinnefeld and Yonggang Ke (Emory University, Atlanta, Georgia) presents a DNA origami structure which undergoes a stepwise allosteric conformational change when certain DNA strands bind. Using FRET probes, the researchers were able to track this process at the molecular level and show how the reaction steps can be temporally controlled. In addition, they demonstrate how a DNA cargo can be released in a targeted manner during this process, opening up new opportunities for controlled reaction cascades.
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Scientists find new epigenetic switch | ScienceDaily
Researchers have discovered that a DNA modification called 5-formylcytosine (5fC) functions as an activating epigenetic switch that kick-starts genes in early embryonic development. This finding demonstrates for the first time that vertebrates have more than one type of epigenetic DNA mark and sheds new light on how genes are regulated in the earliest stages of development.


						
The findings were published in the journal Cell.

5fC is only the second proven epigenetic DNA modification besides methylcytosine

Our bodies are composed of trillions of cells, all working together to form a functional organism. Yet each of us started off as just a single fertilized egg cell. To become a whole human being, this single cell must multiply rapidly, forming all the correct organs in the right places. This process of development depends on thousands of genes being activated at exactly the right time and place. The activation/deactivation of genes is controlled by so-called epigenetic modifications, i.e., chemical groups attached to DNA and its associated proteins that act like traffic lights to switch genes on or off.

For decades, scientists thought that vertebrates had only one type of epigenetic modification on DNA called cytosine methylation, which is associated with gene silencing. Ten years ago, three more chemical modifications were discovered in vertebrate DNA, but as they were only present in very small amounts scientists were uncertain if they were functional epigenetic marks.

Now, Professor Christof Niehrs and his team have shown for the first time that one of these modifications, 5-formylcytosine, is involved in activating genes in early development. The discovery is significant because it proves that vertebrates have more than one type of epigenetic DNA mark and uncovers a new, previously unknown mechanism of epigenetic gene regulation. "These findings are a real breakthrough in epigenetics because 5fC is only the second proven epigenetic DNA modification besides methylcytosine," said Niehrs, Founding and Scientific Director of the IMB, which was opened on the campus of Johannes Gutenberg University Mainz (JGU) in 2011.

In their study, the scientists looked at 5fC in frog embryos. Using microscopy and chromatography, they discovered that 5fC increases dramatically at the very start of development during a key step called zygotic activation when many genes become switched on. As Eleftheria Parasyraki, the first author of the study, explained: "The observation of 5fC in microscopically visible tiny dots, or chromocenters, was exciting. Based on them, we suspected that 5fC must do something important in early embryonic development."

To prove that 5fC is an activating epigenetic mark, the scientists genetically manipulated enzymes in the embryo to increase or decrease the amount of 5fC on the DNA. Increasing 5fC resulted in increased gene expression while decreasing 5fC reduced gene expression, indicating that it was indeed the presence of 5fC on the DNA that activates genes. Finally, the scientists also observed 5fC chromocenters in mouse embryos during zygotic gene activation. This suggested that 5fC likely acts as an activating epigenetic mark in both mammals and frogs.

The revelation that 5fC is an activating epigenetic regulator on DNA raises many questions as to how exactly it acts and what its role is beyond early zygotic genome activation. In particular, cancer cells can have very high amounts of 5fC. Additional studies on 5fC will be needed to answer these questions, which may ultimately help us to better understand how we develop and how gene regulation is disrupted in disease.
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Triplet regimen yields promising response in advanced-phase chronic myeloid leukemia | ScienceDaily
According to researchers at The University of Texas MD Anderson Cancer Center, 80% of patients with previously untreated or relapsed/refractory advanced-phase chronic myeloid leukemia (CML) -- including both accelerated or myeloid blast phases of the disease -- or Philadelphia chromosome-positive acute myeloid leukemia (AML) achieved a bone marrow remission when treated with a novel combination of decitabine, venetoclax and ponatinib.


						
Findings from the Phase II clinical trial, published today in The Lancet Haematology, represent an important step forward for patients with advanced-phase CML, who tend to have poor outcomes. Limited data on a standard-of-care approach to treating the disease, highlights the need for investigations into additional therapeutics.

"Over the last decade, there have been very few studies that evaluated a regimen to treat this rare disease and identify a potential standard-of-care treatment," said principal investigator Nicholas Short, M.D., associate professor of Leukemia. "It is important that we get these patients into a state of marrow remission as this will allow them to be considered for a stem cell transplant. We were able to achieve this response in 80% of patients on this trial."

A total of 20 patients were enrolled in the trial, with 14 having myeloid blast-phase CML, four with accelerated-phase CML, and two with Philadelphia chromosome-positive AML. Overall, 50% of patients achieved a complete remission or complete remission with an incomplete hematological recovery, and an additional 30% of patients achieved a morphologic leukemia-free state. Responses were seen even in patients who had received multiple prior therapies and in those with high-risk cytogenetic or molecular features.

"For this trial, we were able to build on previous preclinical and clinical research conducted at MD Anderson, which identified synergy between the BCL-2 inhibitor, venetoclax and the BCR::ABL1 tyrosine kinase inhibitor, ponatinib," Short said. "This knowledge led us to consider this novel treatment regimen for this aggressive disease."

The researchers observed expected side effects, which were consistent with previous studies with the drugs. Common side effects included neutropenia, rash and nausea.

The trial is ongoing and enrolling additional patients. MD Anderson researchers also are conducting additional studies building on the approach of adding targeted therapies into new combinations for patients with advanced-phase CML.

The trial was funded by Takeda Oncology, the National Institutes of Health and the National Cancer Institute Cancer Center Support Grant (P30 CA016672).
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Ultra-low-dose ketamine can curb opioid withdrawal | ScienceDaily
Drug overdose is the leading cause of injury deaths in young adults in the United States, with fentanyl causing over 70,000 deaths annually.


						
Many people who use fentanyl become trapped in their addiction out of fear and a low tolerance for the withdrawal symptoms, which include muscle cramps, nausea, chills, sweats and intense cravings.

They can't stop using fentanyl, and they also have trouble starting either of the two medications, methadone and buprenorphine, that can dramatically reduce their risk of overdose death.

Research findings published Aug. 29 in Addiction Science & Clinical Practice may offer hope. A pilot study showed that a small amount of ketamine can reduce or eliminate the withdrawal symptoms associated with quitting fentanyl.

"The main takeaway is that we have found an easier way for people trapped in the grip of fentanyl addiction to get started in treatment," said Dr. Lucinda Grande, a clinical assistant professor of family medicine at the University of Washington School of Medicine. She was the study's lead author.

"Methadone can be difficult to access due to strict federal regulations, and starting buprenorphine can cause severe withdrawal symptoms before those who start it become stabilized," added study co-author Dr. Tom Hutch. He is the medical director of the opioid treatment program at We Care Daily Clinics in Auburn, Wash. "Ketamine, at an imperceptibly low dose, helps bridge that gap."

Over 14 months, Grande and colleagues in Auburn and Olympia prescribed ketamine to 37 fentanyl-addicted patients whose fear of withdrawal symptoms had deterred them from trying buprenorphine. Twenty-four patients actually tried the drug, and 16 completed the transition to buprenorphine.




Most patients reported a reduction or elimination of withdrawal symptoms after each ketamine dose, the effect of which lasted for hours. Of the last 12 who completed the transition, 92% remained in treatment for at least 30 days.

Patients placed a ketamine lozenge or syrup under the tongue. The 16 mg dose is a small fraction of that typically used for anesthesia, the main clinical role of ketamine for 50 years, according to Grande. That dosage also is less than half of the smallest ketamine dose prescribed for depression treatment, an increasingly common use of this medication.

Researchers monitored patients daily or almost daily, and refined the treatment strategy based on patient response and prescriber experience.

Grande developed the concept after she learned that emergency-medicine physician and coauthor Dr. Andrew Herring of Oakland, California, used a higher, sedating dose of ketamine successfully in his emergency department to resolve a patient's severe case of withdrawal from fentanyl addiction.

Grande is a primary-care and addiction doctor in practice near Olympia who, in the past dozen years, has used low-dose ketamine to treat more than 600 patients for chronic pain and depression.

Ketamine has gained prominence in the news since actor Matthew Perry of the sitcom "Friends" overdosed on the drug and drowned. Perry had undergone high-dose ketamine treatment for depression, news reports have suggested.

"Our study underscores the enormous potential of this medication for addressing important health problems such as depression, chronic pain and now fentanyl-use disorder," said Grande. Ketamine's positive attributes have been overshadowed by Perry's death, she said.

Grande hopes this pilot study's results will be confirmed by larger studies. "I am excited about these results," she said. "This is a wonderful opportunity to save lives."
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Fruit flies' visual navigation tactics differ by environment | ScienceDaily
The fruit flies that hover around the apples on your counter have to navigate a cluttered environment to find that food, from the built environment and vegetation around your house to the objects in your kitchen. Desert fruit flies, not so much. They fly through a mostly barren landscape dotted with a much smaller number of relatively predictable obstacles to find cactus fruit. Nonetheless, it has long been believed that other species of fruit fly navigate and maintain balance the same way as urban fruit flies, regardless of habitat.


						
A new study contradicts that belief with the discovery that species of flies living in the two distinct visual habitats have significantly different navigation tactics. The researchers made the discovery by putting fruit flies in a contraption that let them interact with virtual objects in a manner similar to the holodeck on the TV show "Star Trek: The Next Generation."

Flying fruit flies have two jobs: to head toward interesting things, but also stay steady during flight. As in humans, vision helps them move straight and stay stable while orienting toward enticing objects. These two tasks are not complementary. Looking at interesting things interrupts the vision needed to stay stable. But the brain manages to process visual signals in such a way that the flies can accomplish both tasks.

"Visual stability is important -- try to stand on one foot with your eyes closed," said Mark Frye, the corresponding author of a paper published in Current Biology and a professor of integrative biology and physiology at UCLA. "If you want to look at interesting things, you have to briefly override the part of your vision that directs balance, and you risk falling over."

Urban fruit flies, Drosophila melanogaster, live in a rich visual environment and can stabilize the background surrounding the objects around which they need to orient themselves. But in the desert, what few objects Mojave fruit flies, Drosophila mojavensis, encounter are likely to be the ones they are interested in, such as cactuses, but they also compose the scenery they need to use to stay stable.

To test how different environments affected the balance between navigation and stability in both species, the researchers devised a system that let the flies interact with virtual objects while tracking their body and eye movements with a camera. They glued a tiny steel pin to the fly's back and connected it to a magnet suspended from the top of a round, drum-like device. Another magnet at the bottom of the drum created a magnetic field that held the pin exactly in position, while allowing the fly to rotate on the horizontal plane within the drum.

The walls of the drum were completely covered with LED lights and a computer created different moving shapes in various sizes and orientations using the lights. The fly could choose how to interact with these virtual objects. One of the objects was a vertical bar that looked like a natural feature, such as a tree trunk. This was designed to test how the fly would use the bar and background to navigate.




"We know exactly where she's looking at because we're tracking her body and head with a video camera. We also control exactly what the LED visual display is doing so we can recreate the fly's eye view of the experiment," Frye said.

The desert flies ignored the background and steered to smoothly follow the bar, centering it on their visual midline, while the urban flies did not. Desert and urban flies alike made rapid eye movements, called saccades, to follow objects that moved along a continuous path. Desert flies, however, relied more heavily on smooth fixation of the vertical bar, followed up by a flurry of saccades to catch up with fast-moving bars.

This pattern is similar to how our own eyes track moving objects.

"When our eyes track a fast-moving object, like a cow passing us by from a boring train ride, we tend to see smooth continuous eye movements, but only if the object is moving slowly relative to us. As we speed by faster, our eyes switch to rapid saccades to keep up," said Martha Rimniceanu, a doctoral candidate at UCLA and the lead author of the study. "We were excited to find different use of smooth eye movements and saccades in closely related fly species. We believe this is an adaptation for the structure of their native visual environment."

The desert flies responded to the bar moving across a stationary background by employing a 'fixate and saccade' strategy to track the bar smoothly. Urban flies smoothly fixated on the background, not the bar, and oriented toward the bar with saccades that overrode smooth stability.

"Basically, the desert flies fixate on the bar for balance and stability while also orienting toward it as an interesting object. The urban flies smoothly fixated on the background for balance, then used rapid saccades exclusively to navigate toward the bar," Frye said.

The research showed that regardless of whether two species are closely related or not, their visual environment determined their visual navigation tactics.

Fruit flies are often used in experiments probing visual perception and processing. The finding that not all species of fruit fly navigate their environment the same way expands the possibilities for what scientists can learn. Desert fruit fly visual navigation more closely resembles that of humans than the urban fruit fly does, for example, and they could be used as a model for learning more about vision in humans. The information can also be used to aid development of autonomous vehicles.

"We can tailor research to the questions we have, rather than being limited to what the fly will give us," Frye said.
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Shrinking the pint can reduce beer sales by almost 10% | ScienceDaily
Reducing the serving size for beer, lager and cider reduces the volume of those drinks consumed in pubs, bars and restaurants, and could be a useful alcohol control measure, according to research published September 17th in the open-access journal PLOS Medicine. Theresa Marteau and colleagues at the University of Cambridge, UK, found that over a short intervention period, venues that removed the pint and offered two third pints instead, sold 10% less beer by volume compared with when pints were available.


						
When wine by the glass is offered in smaller servings, the amount sold decreases, but similar studies have not investigated the effect on other alcoholic drinks. Marteau and colleagues approached venues in England and asked them to remove the pint serving size and instead offer two thirds as the largest option for four weeks, with four-week non-intervention periods before and after as a comparison.

The team found that removing the pint reduced the daily mean volume of beer, lager and cider sold by 9.7%, although there was a slight increase in the amount of wine purchased, with one pub contributing to half of the increase of wine sales. They report that although customers did not complain, fewer than 1% of venues approached agreed to participate and the intervention involved only 12 establishments.

Further assessment is needed, particularly into whether people fully compensated for reduced beer consumption by drinking other alcoholic drinks, but the intervention merits consideration for inclusion in alcohol control policies. Smaller serving sizes could contribute towards reducing alcohol consumption across populations and thereby decrease the risk of seven cancers and other diseases.

The authors add, "Removing the offer of pints in 13 licensed premises for 4 weeks reduced the volume of beer sold. This is in keeping with the emerging literature showing that smaller serving sizes help us drink less and presents a novel way of reducing alcohol consumption and improving population health."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240917162325.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Unhealthy behaviors contribute to more coronary artery disease deaths in the poor | ScienceDaily
Lower socioeconomic status is associated with higher rates of death from coronary artery disease compared to higher socioeconomic status, and more than half of the disparities can be explained by four unhealthy behaviors. Dr. Yachen Zhu of the Alcohol Research Group, U.S., and Dr. Charlotte Probst of the Centre for Addiction and Mental Health, Canada, report these findings in a new study published September 17 in the open-access journal PLOS Medicine.


						
Coronary artery disease, also known as coronary heart disease or ischemic heart disease, occurs when the arteries supplying the heart cannot deliver enough oxygen-rich blood due to plaque buildup, and is a major cause of death in the U.S. The condition poses a greater risk to people with lower socioeconomic status, but previous studies have reported conflicting results on whether certain unhealthy behaviors, like smoking, are primarily responsible for the observed disparities in deaths from the disease.

In the new study, researchers used data from 524,035 people aged 25 years and older whose mortality statuses were recorded in the National Death Index and who answered the National Health Interview Survey on demographics and health behaviors. The team used education as the primary indicator for socioeconomic status, and investigated four behavioral risk factors: smoking, alcohol use, physical inactivity and BMI. The four factors together explained 74% of the differences in mortality risk from coronary artery disease in men belonging to different socioeconomic levels and 61% in women.

The researchers conclude that their results highlight the need for effective public health policies and interventions that address each of these behaviors -- both separately and together -- because unhealthy behaviors often cluster among individuals from low socioeconomic backgrounds. They urge public health campaigns to raise awareness about heart health with messaging and outreach efforts customized for male and female audiences. The authors add, "These efforts are crucial to reducing the socioeconomic disparities in deaths from coronary artery disease in the U.S."
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Two common surgeries equally effective for treating blinding condition of the eyelid | ScienceDaily
Trachomatous trichiasis, a potentially blinding condition where inward-turned eyelashes scratch the front of the eye, can successfully be treated by either of the two most common types of eyelid surgery, according to findings from a large comparison trial funded by the National Institutes of Health. In light of previous, smaller studies, which suggested that one of the commonly used surgery types had poorer outcomes, this study provides reassurance that either technique can treat the condition. The study, published in PLOS Neglected Tropical Diseases, was supported by the National Eye Institute (NEI), part of NIH.


						
"Some studies have reported post-operative trichiasis rates of 30% or higher for patients with trachomatous trichiasis following surgery, and repeat surgeries are more difficult," said Emily Gower, Ph.D., University of North Carolina at Chapel Hill. "This trial sought to determine if we could decrease the risk of post-operative trichiasis by modifying the surgical procedure. We found that existing approaches result in better outcomes."

Trachomatous trichiasis affects approximately 1.7 million people worldwide, mostly in poor and rural areas of Africa. The condition arises after repeated or chronic eye infections with the bacteria Chlamydia trachomatis, which is spread by person-to-person contact. Trachoma is very common in hot, dry areas of the world, and repeat infections can eventually lead to scarring and malformation of the eyelid. This malformation causes the edge of the eyelid to draw inward, so that eyelashes scratch the eye. If left untreated, trichiasis can result in corneal clouding, and eventually blindness.

The most common and effective treatment for trichiasis is surgery to correct the in-turning of the eyelid, which typically is performed in one of two different ways. A few smaller studies indicated that one of the surgery methods, posterior lamellar tarsal rotation (PLTR), might be more effective, so some programs in Africa began retraining surgeons to perform that method. Additionally, previous analysis of eyelids treated with the other surgery, bilamellar tarsal rotation (BLTR), suggested that placing the surgical incision slightly further from the edge of the eyelid (5 millimeters above the lid margin instead of 3 mm) might lead to fewer recurrences, but this change had not previously been tested. The current study directly compared these three surgery approaches and evaluated the risk of post-operative trichiasis.

The study, which took place in southern Ethiopia, enrolled 4,914 patients with trichiasis in one or both eyes (6,940 eligible eyes). The participants were randomized to receive BLTR at 3 mm incision height, BLTR at 5 mm incision height, or PLTR. Researchers rechecked the patients for post-operative trichiasis at six weeks and again at 12-18 months. On average, approximately 17% of eyelids had post-operative trichiasis. There was no difference in risk of post-operative trichiasis between the two methods with a 3 mm incision height, while those who received the 5 mm incision height BLTR were significantly more likely to have post-operative trichiasis. The results indicate that the current standard surgeries -- either method at 3 mm -- are better options for trichiasis treatment than the 5 mm method.

The study was funded by NEI grant UG1EY025992 and carries clinical trial registration number NCT03100747.
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Genetic risk-factor overlap between Alzheimer's disease, and all-cause and vascular dementias | ScienceDaily
In landmark research, scientists at The University of Texas Health Science Center at San Antonio (UT Health San Antonio) have reported the largest-ever genome-wide association study of dementia from all causes, revealing an overlap of genetic risks including neurodegeneration, vascular factors and cerebral small-vessel disease.


						
Genome-wide association studies help scientists identify genes associated with a particular disease or trait by exploring the entire set of DNA, or genome, of a large group of people -- in this case, a dataset of 800,597 individuals, with 46,902 and 8,702 cases of all-cause dementia and vascular dementia, respectively.

"Dementia is a multifactorial disease with Alzheimer's disease and vascular dementia pathologies making the largest contributions -- and yet, most genome-wide association studies focus just on Alzheimer's disease," said Bernard Fongang, PhD, with the Glenn Biggs Institute for Alzheimer's and Neurodegenerative Diseases at UT Health San Antonio. "We conducted such a study of all-cause dementia and discovered a substantial genetic overlap with vascular dementia."

Fongang, who also is with the departments of biochemistry and structural biology, and population health sciences, at the Joe R. and Teresa Lozano Long School of Medicine at UT Health San Antonio, is corresponding contact for the study titled, "A genome-wide association meta-analysis of all-cause and vascular dementia," published July 24 by Alzheimer's & Dementia: The Journal of the Alzheimer's Association. The study author is credited as the Mega Vascular Cognitive Impairment and Dementia (MEGAVCID) consortium, which is an international consortium of cohorts focusing on the genetics of vascular cognitive impairment and dementia.

Two clinically distinct dementias

According to the study, Alzheimer's disease traditionally is considered the most common dementia subtype, followed by vascular dementia. The two conditions are clinically distinct, however.

Vascular dementia is diagnosed based on the presence of stroke or extensive cerebral vascular disease, with atherosclerosis and arteriolosclerosis considered the underlying pathologies. But a wealth of evidence from recent years has emphasized a broad role for brain vascular damage as a major mechanism for cognitive impairment.




It now is increasingly recognized that a component of vascular pathology is prominent in all major dementias and acts synergistically with amyloid beta, tau and other neurodegenerative pathologies to affect dementia risk, the study notes.

Because most genome-wide association studies have focused on Alzheimer's disease, highlighting multiple genetic risk variants, Fongang's team conducted such a study of all-cause dementia and examined the genetic overlap with vascular dementia.

Its vast dataset drew from individuals comprising the Cohorts for Heart and Aging Research in Genomic Epidemiology (CHARGE), the Alzheimer's Disease Genetics Consortium (ADGC), the European Alzheimer Disease Biobank (EADB) and the UK Biobank (UKBB), encompassing four different reported ancestries: European (98.5%), African (1.0%), Asian (0.4%) and Hispanics/Latino (0.1%).

Known genetic variants associated with Alzheimer's disease were replicated for all-cause dementia and vascular dementia. Functional analysis revealed the overlap of genetic risks of all-cause dementia with neurodegeneration, vascular risk factors such as hypertension and diabetes, and cerebral small vessel disease.

Essentially, known genetic variants for Alzheimer's disease were identified as risk factors for all-cause dementia and vascular dementia.

"Our findings expand the current knowledge base of dementia genetics by focusing on both all-cause dementia and vascular dementia," Fongang said. "We identified several putative genetic variants and biological pathways associated with all-cause dementia and vascular dementia, and added additional support for the involvement of vascular mechanisms in dementia pathogenesis."

The study concluded that the results should be validated in additional datasets including non-European individuals. UT Health San Antonio is the largest academic research institution in South Texas, with an annual research portfolio of $413 million.
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Cancer cells may be using lipids to hide from the immune system | ScienceDaily
Cancer cells seldom start off stealthy. Quite to the contrary, they announce their presence to the immune system by planting chemical red flags right on their membranes. Once alerted, the body's defenses can swoop in, destroying rogue cells before they can do much damage. Lying at the heart of this early warning system are lipids, fatty compounds previously seen by cancer biologists primarily as a fuel source for burgeoning tumors.


						
But now, a new study in Nature demonstrates that one particular lipid type is actually critical for cancer immune evasion -- so much so that certain cancer cells cannot proliferate without it. The findings confirm longstanding suspicions that not only is this lipid a key player in cancer biology (and therefore a key drug target), but also demonstrate that existing FDA-approved medications designed to stunt lipid production can galvanize the immune system against cancer.

"Cancer cells are altering how this lipid is metabolized, which in turn distorts the 'eat me' signals that malignant cells usually produce," says first author Mariluz Soula, a former graduate student in the laboratory of Kivanc Birsoy, and now a scientist Lime Therapeutics. "This paints a very different picture of the role lipids play in cancer growth."

A mysterious connection between lipids and cancer

Scientists have long known that cancer cells alter lipid metabolism, but it was generally assumed that cancer cells were gobbling up these lipids for energy -- consuming the fatty molecules to help the tumor grow and spread far beyond that of healthy cells.

"We knew from the literature that elevated lipid levels correlate with severity of cancer growth and metastasis, but it was unclear how," Soula says. The Birsoy lab, in conjunction with the laboratory of Gabriel D. Victoria, set out to answer this question by screening the genes involved in this process. They then implanted a series of cancer cells, each missing a different such gene, into mice with and without immune systems -- thereby revealing which lipids a cancer cannot live without.

The result: so-called "sphingolipids." Discovered in the late 1800s by German chemist Johann Ludwig Wilhelm Thudichum, sphingolipids were named after the enigmatic Sphinx of Greek lore because of their puzzling structure and function. Two centuries later, sphingolipids are less of a mystery. "We know that sphingolipids aren't really used for energy," Soula says. "They're mainly in the cell membrane to create scaffolding for signaling proteins."

This finding raised an intriguing possibility. Was lipid metabolism in cancer cells really just the story of hungry cells trying to consume more energy? Or was it a key part of the cancer cell's efforts to subtly manipulate cell signaling and dodge the immune system?




Toward a new therapeutic strategy

To test how sphingolipids were driving cancer growth, the team turned to an FDA-approved drug used to treat Gaucher disease -- a genetic disorder characterized by an impaired ability to break down lipids. The drug essentially blocks glycosphingolipid synthesis, and the team found that this impaired tumor growth in pancreatic, lung, and colorectal cancer models.

They also found that depleting glycosphingolipids prevented the formation of the "lipid nanodomains" that bunch signalizing molecules together on the membrane, impacting the cell's surface receptors on the cell surface in a way that made them more sensitive to an immune response. These findings suggest that cancer cells hoard glycosphingolipids in order to obscure inflammatory signals, and that disrupting glycosphingolipid production can leave cancer cells vulnerable to the immune system.

"Everyone thought of elevated lipid levels as an energy source for cancer cells to consume," Soula says. "We discovered that it's far more nuanced. Lipids are not just fuel, but a protection mechanism for cancer cells that modulates how they communicate with the immune system."

Future work will determine whether this holds true for multiple cancers. The team tested a variety of types, but found this mechanism at work in KRAS-dependent cancers (so named for the mutated oncogene that drives them). Still, the initial results could have significant clinical impact, given how aggressive many KRAS-dependent cancers, such as pancreatic cancer, tend to be. Based on their findings, the team suggests that drug and dietary interventions that stunt sphingolipid production may help increase the efficacy of existing immunotherapies.

"Diets may impact many aspects of cancer biology," Birsoy says. "We believe modulating dietary lipids may be an interesting avenue to target cancer cells' ability to evade immune cells."
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Paving the way for antivirals against Ebola virus and its deadly relatives | ScienceDaily
At this moment, the world has few tools to combat deadly filoviruses, such as Ebola and Marburg viruses. The only approved vaccine and antibody treatments protect against just one filovirus species.


						
Scientists at La Jolla Institute for Immunology (LJI) are working to guide the development of new antivirals by leading some clever enemy reconnaissance. These researchers use high-resolution imaging techniques to examine a virus's molecular structure -- and uncover where a virus is vulnerable to new therapies.

In a new Cell study, scientists in LJI's Center for Vaccine Innovation share the first detailed, complete images of a viral structure called the Ebola virus nucleocapsid. This breakthrough may accelerate the development of antivirals that target this viral structure to combat several filoviruses at once.

"A universal antiviral is the dream for stopping any kind of viral disease," says LJI Staff Scientist Reika Watanabe, Ph.D. who led the Cell study as a first author. "This study brings us a step closer to finding a universal antiviral."

Inspecting the enemy

Ebola virus relies on its nucleocapsid structure to protect and replicate its own genetic material inside host cells -- and suppress host cellular immunity. Thanks to the nucleocapsid, Ebola can turn infected host cells into virus-making factories.

For the study, Watanabe achieved a first in science -- by harnessing an imaging technique called cryo-electron tomography, she glimpsed Ebola's nucleocapsid structure at work inside actual infected cells.




At first glance, the Ebola virus nucleocapsid looks like a coiled telephone cord. Watanabe revealed the stages of coiling and compression of the coil. She also discovered that the nucleocapsid's cylindrical shape is made up of three layers. Each layer plays a different role as the virus replicates in host cells. Before LJI's imaging studies, the existence of the outer layer was entirely unknown.

Watanabe's work also shows how this outer layer is composed, and how it provides a flexible tether between the nucleocapsid and the viral membrane.

"We found that the core protein adopts different forms in the distinct layers of the nucleocapsid to play different roles. ," says LJI Professor, President & CEO Erica Ollmann Saphire, Ph.D., MBA, who served as study senior author.

Watanabe's further investigations revealed how the proteins in these layers make contact with each other during assembly in host cells -- and how the Ebola virus rearranges these proteins when nucleocapsids help form new viral particles.

"This study solves several puzzles in the field," says Saphire.

Targeting Ebola virus -- and more

As Watanabe explains, targeting the nucleocapsid spells game over for the virus. "If you don't have a nucleocapsid, nothing can happen. That's the core of the virus," she says.

In fact, the Ebola virus nucleocapsid plays such a critical role in infection that Watanabe suspects the nucleocapsid's overall structure may have stayed the same as filoviruses evolved. Scientists call this kind of crucial structural feature "conserved" when it is shared across related species.

Indeed, all pathogenic filovirus species known so far, including Ebola and Marburg virus, share a conserved nucleocapsid structure, says Watanabe. She's now leading further research to study nucleocapsid assembly more closely in Marburg virus.
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Improved epidemic monitoring via sewage | ScienceDaily
Analyzing wastewater has the potential to alert authorities about thousands of health threats at once, from antimicrobial resistance to cholera, according to new research from several European universities.


						
Under the leadership of the DTU National Food Institute, researchers from 11 European universities, institutions and knowledge organizations have developed a new method for analyzing data from wastewater monitoring. The method can help identify whether disease-causing bacteria, viruses, and antimicrobial resistance come from humans, animals, industry, or the environment. Potentially, thousands of threats can be detected simultaneously, including antimicrobial resistance and cholera bacteria, which could help prevent disease outbreaks from escalating into epidemics. The research has been published in the scientific journal Nature Communications.

The researchers analyzed samples collected over three years from seven wastewater treatment plants in five major European cities: Bologna, Budapest, Copenhagen, Rome, and Rotterdam.

"Untreated wastewater is increasingly becoming a vital source for anonymous health and disease surveillance in large urban populations. However, extracting valuable data from it is not straightforward, as the wastewater contains both known and unknown bacteria from a variety of sources, such as humans, plants, animals, rainwater, dishwashing, etc.," says corresponding author of the research paper, Assistant Professor Patrick Munk from DTU National Food Institute.

Additionally, the contents of the wastewater can vary due to seasonal temperature changes.

These challenges are what the researchers are beginning to overcome using a new computer program.

"Our research shows significant potential in metagenomics-based wastewater monitoring. While this method is more expensive than PCR testing, which proved highly effective during the COVID-19 pandemic, PCR only screens for one threat at a time. Metagenomics-based wastewater monitoring can assess thousands of threats simultaneously. Additionally, the value of each individual sample increases the more samples are collected over time, as historical data enhances the value of new analyses," says Professor Frank Aarestrup, who leads the Research Group for Genetic Epidemiology at DTU National Food Institute and co-authored the article.




A monitoring system could be envisioned that combines metagenomics-based wastewater surveillance with PCR tests for specific threats that authorities deem likely to emerge.

The study is particularly relevant because an EU directive mandates that all major European cities begin monitoring antimicrobial resistance in wastewater. In Denmark, Statens Serum Institut is leading a large European collaboration on the implementation of this wastewater monitoring.

Software arranges vast datasets into mysterious groupings

Over a three-year period, from January 2019 to November 2021, 278 wastewater samples were taken from the inlet of the seven wastewater plants and sent to DTU. The researchers then analyzed billions of DNA sequences from the samples, assembling them into genomes from thousands of bacterial species, 1,334 of which were previously unknown.

The data was analyzed using software developed by the project's Italian partner at the University of Bologna. This program identifies species that behave similarly over time and groups them.

"In the analyses, we could see that the bacteria in the wastewater clustered into very distinct groups. We began to wonder why and how the groups were formed. Initially, we thought the clusters might represent microbes collaborating with each other, but that was a dead end. Then, we investigated whether some of the groups might consist of bacteria from human feces, and that's when we hit the mark," says Patrick Munk.




Other groups turned out to be bacteria from the environment, and one group present in all the countries' treatment plants likely comes from biofilms growing on the pipes leading to the facilities.

Once the researchers identified some of the groups using the analysis software, the task became easier.

"The principle is quite simple -- certain bacteria always come from humans, and the bacteria that follow their sequences in the analysis likely come from humans as well. In this way, we can identify groups of species that follow each other over time," says Patrick Munk.

New method significantly improves success rate

The researchers have previously analyzed metagenomes but not as effectively as with the new method.

"In this new study, we identified 1,334 previously unknown bacterial species in the wastewater. Typically, when analyzing a metagenome consisting of 100 million small pieces of DNA, we could only identify the origins of about 10% of the DNA. However, in this new study, we've increased that to nearly 70% of the DNA assigned to the species from which we recovered a genome," says Patrick Munk.

The ability to detect new bacteria is essential, as these bacteria may carry previously unknown antimicrobial resistance genes, and this method could potentially reveal new sources of antimicrobial resistance.

This is an observational study where the researchers worked with data based on the bacteria that were present in the samples from the untreated wastewater, but they did not themselves adjust any variables that can affect the frequency of specific bacteria. This introduces some uncertainty, and even though many human-associated bacteria cluster together, it doesn't always happen. The next step is to create a synthetic dataset where the researchers know which bacterial species are present and actively change the conditions to observe the outcomes.

"We don't have a final success rate for this method yet, but it's clear that we're onto something significant. We need to optimize the method further to improve its accuracy," says Patrick Munk.

What is a metagenome?

All living organisms have genetic material (a genome) made of DNA. Wastewater and other samples contain many different species of microbes, including bacteria and viruses. When you extract the mixed DNA from these species, you don't just have one genome, but a metagenome. If each species' genome is like a jigsaw puzzle, then the metagenome is like a whole bunch of mixed-up jigsaw puzzles. Metagenomes can answer questions about which organisms were present and how common they were, making them a valuable tool for monitoring disease-causing bacteria and the genes that make them resistant to antibiotics. From each sample millions of DNA fragments are read, and a lot of samples can be analyzed by a supercomputer.
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One in eight is genetically protected against jaundice | ScienceDaily
One in eight newborn babies has a gene variant that almost completely protects against jaundice. The research, conducted at the University of Gothenburg in Sweden, provides the opportunity to develop a treatment that can prevent severe cases of jaundice.


						
Almost all newborn babies have jaundice in their very first few days of life. The babies will develop a yellowish tinge to their skin and the whites of their eyes. The yellow tint is caused by bilirubin, which is a residual product of the baby's breakdown of excess red blood cells.

Usually, jaundice goes away on its own within a week, but some children need special treatment. Jaundice can affect energy and appetite. If the condition is prolonged, high levels of bilirubin can cause brain damage.

Almost full protection 

The study, published in the journal Nature Communications, is the result of an international research collaboration, led by the University of Gothenburg. The research is based on blood samples from almost 30,000 newborn babies and their parents in a research database in Norway. About 2,000 of the babies had jaundice. One of the millions of genetic variants analyzed was found to almost completely protect infants from developing jaundice. The gene variant is found in around 12% of babies born in Europe and the United States.

"The gene variant codes for an enzyme that has not previously been linked to the metabolism of bilirubin. Although the enzyme itself does not protect against jaundice, the discovery has led us further down an exciting research path, opening new avenues for individualized medicine," says Pol Sole Navais, a researcher at Sahlgrenska Academy at the University of Gothenburg, who is the lead author of the study.

Activity in the intestines 

The research team was able to identify that the gene variant can be linked to an increase in another enzyme, UGT1A1, that is important for the body's metabolism of bilirubin.

"This enzyme converts bilirubin into a variant that is water-soluble, allowing the body to get rid of the bilirubin. We are surprised that we only see this effect in the intestines of the babies, but not in the liver, as it is the liver that is responsible for the metabolism of bilirubin in adults," says Professor Bo Jacobsson, who leads the research group.

The study provides an opportunity to further study the UGT1A1 enzyme and its activity in the intestines of newborns, with the aim of preventing or treating neonatal jaundice.
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Recent study reveals reduced maths performance of adults with Dyspraxia | ScienceDaily
Dyspraxia, also known as Developmental Coordination Disorder (DCD), can have a bigger impact on adult mathematical performance than previously thought, according to new research from the University of Surrey.


						
DCD is a prevalent neurodevelopmental movement condition affecting approximately 5% of the population. It is characterised by difficulties with fine and/or gross motor coordination. These challenges often persist into adulthood, impacting daily activities and academic performance. Despite its high prevalence, DCD remains poorly understood, particularly in adults.

Previous research has highlighted that children with DCD tend to have lower maths performance compared to their neurotypical peers. However, until now, no studies have examined the maths performance of adults with DCD, a crucial gap in understanding this condition's lifelong impact.

DCD affects movement coordination skills, and consequently, people with DCD may perform less well than expected for their age in many daily activities such as balance, sports and learning to drive. It is often identified in early childhood and is a lifelong condition.

The research team investigated the influence of cognitive (working memory) and emotional (maths anxiety) factors on the maths performance of adults with and without DCD. Adults with DCD demonstrated lower working memory and maths performance and reported higher levels of maths anxiety compared to adults without DCD.

As part of the investigation, participants completed as many simple mental arithmetic tasks as possible in one minute. This task was assumed to be fully automated in adults, with little use of working memory. However, individuals with DCD completed fewer tasks accurately, suggesting a possible slower processing speed during this straightforward numerical task.

Further analysis showed that the maths performance of adults with DCD was more strongly linked to working memory than the neurotypical population. This suggests that adults with DCD lacked automation with these tasks and had to rely on working memory for additional support, making them slower and less accurate in their answers.




Dr Anna-Stiina Wallinheimo, lead author of the study and Research Fellow in Cognitive Psychology, at the University of Surrey, said:

"Our research demonstrates a clear link between working memory resources and maths performance in adults with Dyspraxia.

"Interestingly, we found that adults with DCD may rely more heavily on working memory to perform even simple arithmetic tasks. By understanding the reliance on working memory and the unique impact of maths anxiety, educators can develop targeted interventions to improve maths performance and overall cognitive well-being in people with DCD. "

Given the lifelong nature of DCD and the crucial importance of strong numeracy skills for everyday activities (such as financial planning, cooking, and time management), the insights gained from this research will undeniably make an invaluable contribution to the existing literature.

Dr Judith Gentle, co-author of the study and Senior Lecturer in Psychology at the University of Surrey, said:

"This research not only advances our understanding of the cognitive challenges faced by adults with Dyspraxia but also underscores the need for tailored educational approaches.

"Our findings advocate for a more nuanced view of cognitive support, moving beyond traditional methods to address the specific needs of adults with DCD."
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Cutting out sugar and starch is as effective for IBS as current recommendations | ScienceDaily
Symptoms for patients with the gastrointestinal disease IBS improved as much by eating less sugar and starch as for those who followed FODMAP -- the diet currently recommended to patients. The results, presented in a new study from Lund University in Sweden, also show that weight loss is greater and sugar cravings are reduced among those who follow the starch and sucrose-reduced diet.


						
Bodil Ohlsson is a professor at Lund University and consultant at Skane University Hospital. Her choice to investigate the role of sugars and starches in IBS is linked to a geneticist's discovery: a genetic variation that hinders the breakdown of sugars and starches in the gut is overrepresented among IBS patients.

"'Let's try giving these patients less sugar and starch,' we thought," says Bodil Ohlsson.

A few years ago, she led a study involving 105 people with IBS. For four weeks, they ate significantly less sugar and starch, known as the starch and sucrose-reduced diet (SSRD). In addition to sweet treats, highly processed food -- "ready meals" -- were also to be avoided. The results of that study showed that the SSRD diet greatly reduced IBS symptoms. The most common symptoms of IBS are recurring pain and tightness in the abdomen, and diarrhea and/or constipation.

The current study, now published in the scientific journal Nutrients, addresses a question that no other research has previously: how does SSRD compare to the current dietary recommendation for IBS, the FODMAP diet? FODMAP is a stricter, more regulated diet where lists of foods that are allowed/not allowed must be consistently followed. This diet also excludes gluten and lactose.

"We launched this study in 2022 to compare SSRD and Low FODMAP. One hundred and fifty-five patients diagnosed with IBS were included and randomly allocated to follow either SSRD or Low FODMAP for four weeks. They were not allowed to have been on a diet at the start of the trial, but rather ate 'everything'," says Bodil Ohlsson.

Participants in both groups had to follow the basic principles of each diet. But they chose how often or regularly they ate. In both groups, regardless of diet, IBS symptoms improved in 75-80 per cent of the patients, which according to Bodil Ohlsson "was even better than we expected." In addition, weight loss after four weeks was greater in the SSRD group. Sugar cravings also decreased the most in this group, which is positive, as IBS patients weigh more on average than healthy people, says Bodil Ohlsson.

"We wouldn't really even call SSRD a diet. It's how everyone should eat, not just those with IBS. And unlike Low FODMAP, SSRD is easy to understand and easier to follow. You can eat everything when you are invited to dinner, just less of certain things. If you rest your stomach for the rest of the week, you can indulge a little one day!" says Bodil Ohlsson.
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Identifying body-scan postures suitable for people with hyperactivity tendency | ScienceDaily
ADHD is a developmental condition of brain with symptoms such as inattention, hyperactivity or impulsivity. People with ADHD lack the ability of self-control and experience anxiety, depression, academic failure, and low self-confidence. These symptoms can be alleviated by a holistic approach such as mindfulness-based stress reduction and mindfulness-based cognitive therapy. These practices encourage patients to pay attention to the present moment with purpose and without judgment. However, these practices involving meditation require sitting in certain postures which can be challenging for patients with high ADHD tendency.


						
To address this, a group of researchers led by Dr. Ayano Fukuichi of the Research Organization of Open Innovation and Collaboration, Ritsumeikan University (Graduate School of Psychology, Kansai University at the time the study was conducted), Japan, along with Prof. Takafumi Wakita and Prof. Genji Sugamura from Kansai University, Japan examined the ease of meditating in various postures among participants. Their findings were published on 6 August 2024 in Japanese Psychological Research.

"Although mindfulness programs have been devised for patients with ADHD, there are challenges with respect to mindfulness meditation. To overcome this, we explored various postures that can be adopted by both patients with high and low ADHD tendencies for performing meditation easily without the need of special tools," says Dr. Fukuichi.

In this study, the participants enrolled were divided into four groups combined, hyperactive/impulsive, inattentive, and without ADHD tendencies. They were then asked to perform body-scan meditations with upright, slumped, leaning-back sitting, and supine postures and answer a questionnaire. To assess their responses to various postures during meditation, researchers developed Mindfulness Encouraging Reactions Scale (MERS) and the Mindfulness Discouraging Reactions Scale (MDRS).

The researchers found that participants with hyperactivity/impulsivity tendency found body-scan meditation challenging in a slumped posture and easier to perform in the supine and upright postures. These findings suggest that people with hyperactivity/impulsivity tendency should adopt upright or supine postures for ease of performance of body-scan meditation for sustained care.

In addition, the MERS and MDRS scales developed in the course of the study may help psychiatrists, psychotherapists, and other health professionals decide the best meditation interventions for people with various psychological profiles. Moreover, it can aid in evaluating the feasibility and planning the course of intervention.

"Ours is the first study to develop a scale for assessing the ease or difficulty of practicing mindfulness meditation. Overall, the findings of our study highlight important considerations for practicing meditation for people with ADHD to improve their quality of life," concludes Dr. Fukuichi.
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Reducing smartphone use increases work satisfaction | ScienceDaily
The findings of the study are of particular interest to employers, who sometimes invest a lot of money to improve the work satisfaction and motivation of their employees. "These factors are crucial for a company's productivity," explains Julia Brailovskaia. With the current study results, the researchers have identified a simple and low-threshold solution to achieve these goals and to improve the mental health and work-life balance of employees at the same time.


						
A comparison of four groups

For their study, the researchers assigned the participants, who all came from different professional sectors, to four groups of roughly equal size. The smartphone group reduced their private smartphone use by one hour a day for one week. The sport group increased their daily physical activity by 30 minutes. The combination group did both, and the control group didn't change their routine at all.

All participants completed online questionnaires before these interventions, immediately afterwards and two weeks after the intervention period ended, providing information about their well-being, both with regard to work and mental health.

Depressive symptoms decreased

In the smartphone group and the combination group, the researchers found that work satisfaction and motivation, work-life balance and mental health had improved significantly. What's more, the feeling of work overload and symptoms of problematic smartphone use were significantly reduced. All interventions led to a reduction in depressive symptoms and they increased the participants' sense of control.

"A conscious and controlled reduction of non-work-related screen time, in combination with more physical activity, could improve employees' work satisfaction and mental health," concludes Julia Brailovskaia. The researcher believes that these interventions could either complement established training programs or serve as a stand-alone, time- and cost-efficient, low-threshold program.
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Researchers identify potential new strategy to slow the development of liver fibrosis | ScienceDaily
A study led by Manuel Vazquez Carrera, group leader at the Diabetes and Associated Metabolic Diseases Networking Biomedical Research Centre (CIBERDEM) at the University of Barcelona, reveals advances in the understanding and treatment of liver fibrosis, a serious complication in the context of metabolic fatty liver disease, also known as MASLD (metabolic dysfunction-associated steatotic liver disease). This study concludes that activation of the PPARb/d-AMPK pathway is an effective strategy to slow the development of liver fibrosis.


						
The paper, published in the journal Biomedicine & Pharmacotherapy, also involved the collaboration of the groups led by experts Angela Maria Valverde, from CIBERDEM, and Walter Wahli, from the University of Lausanne.

The most common chronic liver disease

Metabolic fatty liver disease (MASLD) integrates a set of liver conditions ranging from simple isolated fat deposition in the liver to severe inflammation of the organ known as metabolic steatohepatitis, which in some cases can progress to fibrosis. For now, liver fibrosis is the most relevant risk factor for predicting both liver disease-related mortality and overall mortality.

MASLD is a global health issue, as it is the most common chronic liver disease, affecting 25% of the world's population. Numerous studies have shown that this condition often coexists with type 2 diabetes (DM2). In fact, DM2 can accelerate the progression of MASLD by aggravating both hepatic and extrahepatic problems. In turn, having MASLD increases the risk of developing DM2 and complicates the control of glucose levels in people who already have diabetes.

"In this study we analyzed how the activation of the nuclear receptor PPARb/d influences the development of liver fibrosis and the activation of hepatic stellate cells, which are mainly responsible for fibrosis in the liver, in response to transforming growth factor b (TGF-b), the main stimulus that promotes fibrosis," notes Professor Vazquez Carrera, from the UB's Faculty of Pharmacy and Food Sciences, the UB Institute of Biomedicine (IBUB) and the Sant Joan de Deu Research Institute (IRSJD).

An effective strategy for tackling liver fibrosis

The results reveal that a PPARb/d agonist (a compound that binds to and activates a specific receptor) helps prevent glucose intolerance and insulin resistance in peripheral tissues. In addition, this agonist prevents collagen accumulation in the liver and reduces the expression of genes related to inflammation and fibrosis in mice that were fed a diet designed to induce liver fibrosis. "Our findings suggest that activating the PPARb/d-AMPK pathway could be an effective strategy to reduce the development of liver fibrosis," says Vazquez Carrera.

The study also revealed that in hepatic stellate cells, PPARb/d activation inhibits TGF-b-induced cell migration, which is a key indicator of cell activation. In addition, researchers observed a decrease in SMAD3 protein phosphorylation and p300 coactivator levels, both crucial elements in fibrosis-promoting signalling. "These effects are due to activation of AMPK and inhibition of ERG1/2 by PPARb/d in hepatic stellate cells," he concludes.
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Risk of clots, stroke from incorrect blood thinner dosing reduced using online dashboard | ScienceDaily
Doctors and pharmacists treating people with blood thinners can reduce the rate of inappropriate dosing -- as well as blood clots and strokes that can result from it -- using an electronic patient management system, a study suggests.


						
The online dashboard, developed by the United States Veterans Health Administration in 2016, was designed to highlight and optimize the treatment of patients with direct oral anticoagulants, or DOACs, the most commonly prescribed blood thinners.

Researchers led by Michigan Medicine used the tool to assess over 120,000 cases in which patients with atrial fibrillation or venous thromboembolism, blood clots in the veins, were treated with DOACs at 123 VA hospitals from mid-2015 through 2019.

They found that between 6.9 and 8.6% of patients received incorrect prescriptions for blood thinners.

Adoption of the electronic DOAC patient management tool led to a decline in off-label dosing of around 8%.

The rate of blood clots and stroke also declined at every hospital that implemented the monitoring tool.

Results are published in the Journal of the American Heart Association.




"While DOACs are lifesaving medications for patients with common thrombotic conditions, they can also cause serious harm when prescribed inappropriately," said Geoffrey Barnes, M.D., M.Sc., first author and associate professor of cardiology-internal medicine at U-M Medical School.

"Not only does our study show how commonly off-label dosing of DOACs occurs, but it highlights that utilizing this DOAC population health management tool can reduce that rate of inappropriate dosing as well as downstream complications, such as stroke and clotting."

Direct oral anticoagulants can be incorrectly prescribed up to 20% of the time.

The two most prescribed DOACs are rivaroxaban (brand name Xarelto) and apixaban (brand name Eliquis.)

The sites that used the system the longest demonstrated a more significant decline in inappropriate prescribing.

In Michigan, the Michigan Anticoagulation Quality Improvement Initiative, a multi-center collaborative of statewide hospitals, built a similar dashboard using the EpicTM electronic health record.

Five hospitals across the state currently use that system, including University of Michigan Health.

"This study provides one of the largest and most impactful evaluations of an anticoagulation stewardship effort to show reduction in adverse clinical events," Barnes said.

"Health systems and policymakers should consider investing in anticoagulation stewardship efforts that support pharmacists in reviewing and correcting off label direct oral anticoagulant dosing for the benefit of millions of patients who take these medications."
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Brain divides meal into different phases | ScienceDaily
The process of food intake appears to be organized at the cellular level like a relay race: during eating, the baton is passed between different teams of neurons until we have consumed the appropriate amount of energy. This is the conclusion of a recent study by researchers at the Friedrich-Alexander-Universitat Erlangen-Nurnberg (FAU). Through this complex mechanism, the brain likely ensures that we neither eat too little nor too much. Malfunctions of this process may lead to eating disorders such as anorexia or binge eating. The findings appear in the Journal of Neuroscience.


						
To survive, we need to regularly replenish our energy by eating. This process is coordinated in the hypothalamus, an important control center in the brain. The hypothalamus constantly receives important information from our body and environment, such as whether it is day or night, or whether our blood sugar levels are low. Based on this data, it triggers certain innate behaviors, such as going to bed when it's dark or heading to the refrigerator when we're hungry.

But how does the brain make sure we don't stop eating once the initial hunger subsides and stretch receptors in the stomach signal that food has arrived? "When we eat, we quickly switch from what we call 'appetitive' behavior to 'consummatory' behavior," says Prof. Dr. Alexey Ponomarenko who holds the Professorship of Systemic Neurophysiology at the Institute of Physiology and Pathophysiology at FAU. "We know little about how the brain controls the duration of this consummatory phase. It should neither be too long nor too short so that we receive the right amount of energy."

Led by Prof. Ponomarenko, the FAU scientists together with a team from the University Hospital of Cologne investigated what happens in the brain during eating. The researchers studied the mouse hypothalamus, which is similar in structure to the human hypothalamus. "We analyzed the electrical activity of a specific region of the hypothalamus using an artificial intelligence method," explains mathematician Mahsa Altafi, a doctoral student at FAU and a joint senior author of the study. "This allowed us to determine which neurons fire -- that is, generate electrical impulses -- at specific times during food intake."

Sequential activation of four teams of neurons

The scientist was able to identify four distinct teams of neurons that become active in sequence during the eating process. These groups of neurons work together much like relay runners, each participating in different phases of the race. "We suspect that these teams weigh the information they receive from the body differently -- for example, the blood sugar level, the amount of hunger hormones, and how full the stomach is," says Prof. Ponomarenko. The fourth team, for example, might give more weight to the stretch sensors than the first team. "That's how the hypothalamus may ensure we eat neither too little nor too much."

The researchers also looked at how the neurons within each team communicate with each other. It has long been known that neurons have a rhythm of activity: there are times when they are particularly excitable and times when they barely fire. These phases alternate regularly-often tens of times per second or more. To communicate, neurons must oscillate in the same rhythm. It's like using a walkie-talkie: both devices must be tuned to the same frequency or you'll only hear static.

"We were now able to show that the teams of neurons involved in food intake all communicate on the same frequencies," says Prof. Ponomarenko. "In contrast, groups of neurons responsible for other behaviors -- such as exploring the environment or social interaction -- prefer to communicate on a different channel." This probably makes it easier for the neurons involved in eating to exchange information and stop the eating process at the right time. This finding may even have therapeutic potential: it is already possible to influence the rhythm of neurons from the outside, for example through oscillating magnetic fields. Perhaps the communication of these "feeding teams" could be improved in this way. If successful, this could help alleviate eating disorders -- at least that is the long-term hope.

"In mice, the oscillatory behavior of neurons can be influenced even more directly by optogenetic manipulations," explains FAU scientist Ponomarenko. "We are now planning a follow-up study to investigate how this affects their feeding behavior."
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People aren't volunteering as much these days: What gives? | ScienceDaily
Volunteering used to be a mainstay of U.S. culture. But in recent years, giving back to their community hasn't played as big a role in many Americans' lives.


						
New research from the University of Georgia suggests the economy may be to blame.

The researchers found that people living in disadvantaged communities or areas that have high levels of economic inequality were less likely to volunteer.

"Historically, rural areas have had higher volunteering rates than urban ones," said Rebecca Nesbit, lead author of the study and a professor in UGA's School of Public and International Affairs. "These communities often have closer ties and more social interaction with each other, and those close ties may make them more likely to volunteer. Because when you're volunteering for the local food bank in these communities, you're helping people that you have a personal connection to."

The recession of 2008 didn't help matters. And more than a decade and a half later, volunteering rates have yet to recover.

"Any advantage to volunteering afforded by good economic growth before the recession was wiped out after the recession, and that can lead people to change their behavior," Nesbit said. "In poor economic conditions, people might take energy away from their voluntary activities to put it into more income-producing activities that create a greater sense of personal stability."

Economically disadvantaged areas hit the hardest

The study is the first analysis of confidential level volunteering data in a secure U.S. Census Bureau Research Data Center, which is a nationally representative sample of 56,000 households interviewed each month. This data is considered the premiere source of information on national and state volunteering statistics.




The researchers relied on a dataset of about 90,000 individuals for each year of the survey.

The study examined effects of economic disadvantage and inequality, and how the Great Recession exacerbated existing differences in volunteering rates between rural and urban communities.

The researchers found that the recession had the biggest dampening effect on volunteering in areas with the most economic growth and above average income equality.

"What the decline in volunteering tells us is that there are a lot of communities that were hit by the recession and just haven't bounced back," Nesbit said. "Whether that decline is going to continue or whether these communities will rebound eventually, we don't know yet."

The demographics of rural communities are changing, with more youth leaving their hometowns for bigger cities while the population left behind ages. That shift in people's sense of community may be one reason these communities' volunteering rates dropped so significantly, the researchers said.

People who lived in areas with growing economies were more likely to volunteer, according to the study.




Even years after the recession ended, the negative effects persisted, which may indicate lingering social or psychological effects that make people more hesitant to invest time and resources into volunteer efforts, the researchers said.

"One general high-level finding is that local economic conditions matter for volunteering.

That's something we can't ignore," Nesbit said. "An implication of that is that as we talk about economic development for communities, we shouldn't divorce that from the civic development of communities.

"Policymakers need to understand that if we want to strengthen communities, particularly these rural communities, we need a more holistic approach. It can't just be about economic development, and it can't just be about civic engagement. It has to be both."

Published Nonprofit and Voluntary Sector Quarterly, the study was co-authored by Laurie Paarlberg, of Indiana University -- Indianapolis, and Suyeon Jo, of the University of Arizona Tucson.
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Blackcurrant supplementing mitigates postmenopausal bone loss, study finds | ScienceDaily
As we age, our bones lose density and become more fragile, putting us in danger of breaks and fractures.


						
This is especially a concern among post-menopausal women who generally have much greater losses in bone density than men in their age group.

Ock Chun, professor of nutritional sciences in UConn's College of Agriculture, Health and Natural Resources (CAHNR), has been working with blackcurrant, a tart berry, for years, investigating its potential to ameliorate a host of conditions including postmenopausal bone loss and osteoporosis.

Chun previously led a study showing that in mice, blackcurrant supplements helped prevent bone density loss post-menopause. This study showed that the best time for intervention was in the transition between pre- and post-menopause before bone loss has significantly progressed.

With these findings in hand, Chun and her team wanted to see if they would translate to a human population.

They recently published their findings demonstrating blackcurrant's protective effects against bone density loss in the Journal of Nutritional Biochemistry.

The group includes nutritional sciences graduate student Briana Nosal, who is the first author on the paper, kinesiology post-doctoral researcher Staci Thornton, and Elaine Choung-Hee Lee, professor of kinesiology, as well as researchers from UConn Health and the Jackson Laboratory for Genomic Medicine.




Forty peri- and early post-menopausal participants between the ages of 45 and 60 took capsules of blackcurrant powder daily for six months. Participants were randomly assigned to either take one capsule, two capsules, or a placebo. Each capsule was 392 milligrams.

The researchers found that the supplements prevented the loss of whole-body bone mineral density. The group that took two capsules actually showed overall increases in bone mineral density at the end of the six-month trial period.

The researchers looked at changes to the gut microbiome and immune system, which interact to play a key role in bone metabolism.

They found that the blackcurrant supplements decreased levels of proteins called interleukin-1 beta and RANKL. Interleukin-1 beta stimulates the expression of RANKL which causes bone resorption and thus a decrease in bone density.

"The reduction in RANKL is important because that can cause shifts toward excessive bone resorption, so we'd want to see a decrease in that," Nosal says.

This study showed that the decrease in RANKL was directly correlated with an increase in whole body bone density after six months.




Taking the supplements also increased a bacteria found in the gut microbiome called Ruminococcus 2. This led the researchers to infer that it could be one of the bacteria driving the protective effects blackcurrant has on bones.

"It's all related, and there's a lot of research showing the gut can regulate various systems in the body," Nosal says.

These bacteria help degrade polysaccharides and fibers. This is a key function to transform the foods we eat into available energy for our bodies to use.

The researchers identified a total of four proteins that had increased expression in the group that took two supplement capsules. These could serve as potential biomarkers for the changes they observed to bone density to allow researchers or medical professionals to quickly and easily assess if the blackcurrant supplementation is benefitting bone density.

This study is especially important for peri- and early post-menopausal women who have or are at risk of developing osteoporosis. While medications for osteoporosis do exist, compliance is low due to side effects.

If blackcurrant supplements can improve bone density without the same side effects, it could prove an effective alternative for this population.

"This study shows that blackcurrant may be a potential dietary strategy to help in preventing post-menopausal osteoporosis," Nosal says.

As the group continues to study the relationship between blackcurrant and its benefits on the body, they will complete additional studies seeking to better understand why exactly they are seeing these results.

"[We want to learn] how all our findings connect to each other," Nosal says. "Conducting that multi-faceted research will really paint the picture of how everything works, the different mechanisms, and what we can do for next steps."
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Moderate coffee and caffeine consumption is associated with lower risk of developing multiple cardiometabolic diseases, new study finds | ScienceDaily


						 Consuming moderate amounts of coffee and caffeine regularly may offer a protective effect against developing multiple cardiometabolic diseases, including type 2 diabetes, coronary heart disease and stroke, according to new research published in the Endocrine Society's Journal of Clinical Endocrinology & Metabolism.

Researchers found that regular coffee or caffeine intake, especially at moderate levels, was associated with a lower risk of new-onset cardiometabolic multimorbidity (CM), which refers to the coexistence of at least two cardiometabolic diseases.

The prevalence of individuals with multiple cardiometabolic diseases, or CM, is becoming an increasing public health concern as populations age around the world, notes the study.

Coffee and caffeine consumption could play an important protective role in almost all phases of CM development, researchers found.

"Consuming three cups of coffee, or 200-300 mg caffeine, per day might help to reduce the risk of developing cardiometabolic multimorbidity in individuals without any cardiometabolic disease," said the study's lead author Chaofu Ke, M.D., Ph.D., of the Department of Epidemiology and Biostatistics, School of Public Health at Suzhou Medical College of Soochow University, in Suzhou, China.

The study found that compared with non-consumers or consumers of less than 100mg caffeine per day, consumers of moderate amount of coffee (3 drinks per day) or caffeine (200-300 mg per day) had a 48.1% or 40.7% reduced risk for new-onset CM.

Ke and his colleagues based their findings on data from the UK Biobank, a large and detailed longitudinal dietary study with over 500,000 participants aged 37-73 years. The study excluded individuals who had ambiguous information on caffeine intake. The resulting pool of participants included a total of 172,315 individuals who were free of any cardiometabolic diseases at baseline for the analyses of caffeine, and a corresponding 188,091 individuals for the analyses of coffee and tea consumption.

The participants' cardiometabolic diseases outcomes were identified from self-reported medical conditions, primary care data, linked inpatient hospital data and death registry records linked to the UK Biobank.

Coffee and caffeine intake at all levels were inversely associated with the risk of new-onset CM in participants without cardiometabolic diseases. Those who reported moderate coffee or caffeine intake had the lowest risk, the study found. Moderate coffee or caffeine intake was inversely associated with almost all developmental stages of CM.

"The findings highlight that promoting moderate amounts of coffee or caffeine intake as a dietary habit to healthy people might have far-reaching benefits for the prevention of CM," Ke said.

Addressing a Research Gap

Numerous epidemiological studies have revealed the protective effects of coffee, tea and caffeine consumption on morbidity of single cardiometabolic diseases. However, the potential effects of these beverages on the development of CM were largely unknown.

The authors reviewed the available research on this topic and found people with single cardiometabolic disease may have a two-fold higher all-cause mortality risk than those free of any cardiometabolic diseases. By contrast, the researchers found individuals with CM may have an almost 4 to 7 times higher risk of all-cause mortality. The researchers also noted that CM may present higher risks of loss of physical function and mental stress than those with single diseases.

Other study authors include: Xujia Lu, Guochen Li, Luying Wu, Liping Shao, Yulong Fan, and Chen-Wei Pan of Soochow University; Xiaohong Zhu of Suzhou Centers for Disease Control and Prevention in Suzhou, China; Ying Wu of the Southern Medical University in Guangzhou, China; and Yan Borne of Lund University in Malmo, Sweden.

The National Natural Science Foundation of China, the Project of MOE Key Laboratory of Geriatric Diseases and Immunology, and the Research on Key Technologies for the Prevention and Control of Major Diseases and Infectious Diseases in Suzhou funded the study.
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Team discovers naturally occurring DNA-protein hybrids | ScienceDaily
Thanks to a serendipitous discovery and a lot of painstaking work, scientists can now build biohybrid molecules that combine the homing powers of DNA with the broad functional repertoire of proteins -- without having to synthesize them one by one, researchers report in a new study. Using a naturally occurring process, laboratories can harness the existing molecule-building capacities of bacteria to generate vast libraries of potentially therapeutic DNA-protein hybrid molecules.


						
The findings are detailed in the journal Nature Chemical Biology.

"Two of the most common building blocks in biology are nucleic acids -- used for making RNA and DNA -- and amino acids, which make up proteins," said University of Illinois Urbana-Champaign biochemistry professor Satish Nair, who led the study with postdoctoral researcher Zeng-Fei Pei. "We have these two sets of biological molecules that do very different things, and, for decades, chemists have been trying to integrate them into the same molecule. If you can make a complex protein and then put a nucleic acid on it that makes it go exactly where you want it to go because it will bind to specific regions of DNA or RNA, you can build a precision drug."

Such drugs can be used to interrupt various disease-promoting processes in the cell, blocking the transcription of mutated genes, for example, or binding to pathogenic noncoding RNA molecules to stall their activity, Nair said.

The initial discovery was serendipitous, he said. He and his colleagues had been looking for proteins that bind to metals when they noticed that a team at the John Innes Centre in Norwich, England, had reported on a bacteria-generated molecule of interest that appeared to be a DNA-protein hybrid.

The Illinois team contacted the Innes Centre scientists, Natalia Vior and Andrew Truman, suggesting they re-examine the molecule to determine if it was in fact what it appeared to be. Once that initial discovery was confirmed, the American and English scientists collaborated on a more in-depth analysis to discover the molecular mechanisms that formed the hybrid.

Finding a naturally occurring DNA-protein hybrid and determining how a bacterium can be induced to make it would streamline what is now a slow, labor-intensive process, Nair said.




"Lots of high-powered laboratories all over the world have been using various synthetic chemical methods to make biohybrid molecules, and that's great: They're all proof-of-concept and it works," he said. "The problem is that you can't do it at large scale. You can't make 100 million compounds because that would require you to do the chemical synthesis 100 million times."

In a series of experiments, Nair and his colleagues found that two bacterial enzymes together convert certain peptides into DNA-protein hybrids. The first enzyme, YcaO, modifies an amino acid in the peptide to convert the peptide into a ring structure like the bases that allow DNA and RNA to pair with other DNA or RNA molecules. The second enzyme is a protease that cuts off one part of the newly modified molecule, converting it into a fully functional nucleobase-protein hybrid.

The team was able to make the conversion in a test tube by adding only three ingredients: the original peptide and the two enzymes. But they also demonstrated that the process could be carried out by the bacterium E. coli.

Understanding this process will allow laboratories to create hybrid molecules that can attach to any region of the genome or any RNA molecules in cells, Nair said. Using bacteria to streamline the pipeline will speed the process of discovery.

"Now, we're off to the races," he said.

The National Institutes of Health and the Biotechnology and Biological Research Council supported this research.

Nair also is a professor of chemistry and in the Carl R. Woese Institute for Genomic Biology at the U. of I.
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Ten-year study shows tomosynthesis improves breast cancer detection | ScienceDaily
According to a new 10-year study, screening for breast cancer with digital breast tomosynthesis (DBT) increases cancer detection rates and significantly reduces the rate of advanced cancers compared to conventional 2D digital mammography. The findings were published today in Radiology, a journal of the Radiological Society of North America (RSNA).


						
Mammography is considered the gold standard in breast cancer screening for the general population. However, conventional 2D mammography, in which a low-dose X-ray system produces pictures of the inside of the breast from two angles, fails to detect approximately 20% of breast cancers. It is also associated with false-positive results, where an abnormality seen on a screening mammogram turns out not to be cancer after a woman has been recalled for and undergone additional tests.

DBT is an advanced form of mammography that reconstructs pictures of the breast taken from different angles into 3D images. Studies have found that DBT has a higher cancer detection rate compared to digital mammography.

"This study is the first to compare 10 years of data on breast cancers detected by DBT to digital mammography-detected cancers," said co-author Jaskirandeep Kaur Grewal, PA-C., previous student at Yale School of Medicine Physician Associate Program.

In the retrospective study, Dr. Philpotts and a team of researchers analyzed consecutive cancer cases detected by screening mammography over 13 years at Yale University/Yale-New Haven Health. The data included 10 years of mammograms performed with DBT, which became the standard at Yale facilities beginning in 2011, and the preceding three years of mammograms performed with digital mammography.

The study cohort included 272,938 screening mammograms, of which 35,544 were performed with digital mammography, and 237,394 were performed with DBT. A total of 1,407 cancers were detected, 142 by mammography and 1,265 by DBT.

"Overdiagnosis has been a hot topic in mammography screening. Skeptics of mammography screening believe that the use of DBT results in overdiagnosis," said first co-author Liane Elizabeth Philpotts, M.D., professor of radiology and biomedical imaging at Yale School of Medicine in New Haven, Connecticut.




Overdiagnosis means the cancers found are not clinically relevant and may not cause a health concern for the patient if left undetected.

According to Dr. Philpotts, digital mammography and DBT detected various subtypes and grades of tumors at similar rates. The ratio of invasive cancers to ductal carcinoma in situ (DCIS) did not differ significantly between the two modalities.

"We found that digital mammography and DBT screening mammography found the same types of cancers, but at different stages," she said. "DBT found more aggressive cancers at an earlier stage compared to digital mammography."

DBT had a higher cancer detection rate than mammography (5.3% versus 4.0%) and a lower rate of advanced cancers (32.7% versus 43.6%), indicating that cancers are likely being detected earlier. Cancer detection was improved when women had repeat mammograms with DBT.

Most true-positive cancer cases detected by DBT presented as masses, while fewer presented as calcifications and asymmetries.

The recall rate for DBT (7.2%) was significantly lower than for digital mammography (10.6%).

"DBT's lower recall rate, higher cancer detection rate and lower rate of advanced cancers is a win, win, win," Dr. Philpotts said. "I think this data will contribute to the debate of overdiagnosis by demonstrating that DBT is not over-diagnosing cancers. It's finding the bad actors earlier."

Dr. Philpotts said additional studies using long-term data are needed to better understand the role of DBT in screening outcomes.

"These findings add to the growing literature regarding cancer detection with DBT and support its use in screening mammography in the United States and globally," Dr. Philpotts said. "Our results may provide healthcare institutions that have not yet switched from digital mammography to DBT with the data they need to adopt the newer technology."
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Reducing the cultural bias of AI with one sentence | ScienceDaily
Cultural values and traditions differ across the globe, but large language models (LLMs), used in text-generating programs such as ChatGPT, have a tendency to reflect values from English-speaking and Protestant European countries. A Cornell University-led research team believes there is an easy way to solve that problem.


						
The researchers tested five versions of ChatGPT and found that what they call "cultural prompting" -- asking the AI model to perform a task like someone from another part of the world -- resulted in reduced bias in responses for the vast majority of the over 100 countries they tested. The findings suggest there could be an easy way for anyone to control AI models to align with cultural values, they said, to reduce the cultural bias in these widely used systems.

"There are not many organizations in the world with the capacity to build large language models, because it's highly resource intensive, so it's all the more important for the ones that do have that power, and therefore responsibility, to carefully consider how their models might affect different parts of the world," said Rene Kizilcec, associate professor of information science.

"Around the world, people are using tools like ChatGPT directly and indirectly via other applications for learning, work, and communication," he said, "and just like technology companies make localized keyboards on laptops to adapt to different languages, LLMs need to adapt to different cultural norms and values."

Kizilcec is senior author of "Cultural Bias and Cultural Alignment of Large Language Models," which published Sept. 17 in PNAS Nexus. The lead author is Yan Tao, doctoral student in the field of information science and a member of Kizilcec's Future of Learning Lab.

For their research, Kizilcec and his team tested five versions of ChatGPT -- 3, 3.5 Turbo, 4, 4-Turbo and 4o, the latter released in May -- and compared the models' responses to nationally representative survey data from the Integrated Values Survey, an established measure of cultural values for 107 countries and territories.

For the most recent models tested (GPT-4, 4-turbo, 4o), the latter prompting improved cultural alignment for 71% to 81% of countries and territories.

"Unlike fine-tuning models or using prompts in different languages to elicit language-specific cultural values -- which typically require specialized resources -- cultural prompting merely involves specifying a cultural identity directly in the prompts," Tao said. "This approach is more user-friendly and does not demand extensive resources."

This research was funded in part by the Jacobs Foundation and Digital Futures.
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Sport-related stress may affect whether college athletes eat enough calories | ScienceDaily
High stress resulting from participating in high-level collegiate sports is related to unhealthy attitudes about eating and under consumption of nutrients, but only during the most stressful portions of the athletes' seasons, according to a new study led by researchers in the Penn State Department of Kinesiology.


						
Studies have long shown that unhealthy attitudes about eating -- like desiring a thinner body or deliberately restricting caloric intake -- can lead to the underconsumption of nutrients, the team said. College athletes may face pressures to maintain specific body types for competitive reasons, so they can be especially vulnerable to these phenomena, according to the researchers.

Emily Lundstrom, who earned her doctorate in kinesiology at Penn State in 2024, and Nancy Williams, professor of kinesiology and physiology at Penn State and Lundstrom's doctoral adviser, led the study that was published in Applied Physiology, Nutrition, and Metabolism.

Underconsumption of nutrients by athletes increases the risk for energy deficiency, eating disorders, bone loss and bone-stress injuries, according to Williams. Additionally, female athletes are at risk for adverse menstrual cycle changes if they do not consume enough calories. The loss of menses and declines in bone health are directly related to insufficient caloric intake, according to prior research from Williams and Mary Jane De Souza, distinguished professor of kinesiology and physiology and co-author of this study.

The researchers recruited 53 NCAA Division One athletes -- 27 swimmers and 26 distance runners. The research team measured both physiological and psychological characteristics of the athletes -- including body composition, mass, height, body mass index, measures of total body metabolism, and attitudes about eating and stress -- to understand how different stressors affected health and well-being.

The runners -- all of whom were women -- were assessed in the weeks just before their competitive season began (pre-season) and again during the off-season for their sport. The swimmers -- 16 women and 11 men -- were assessed during the peak of their competitive season.

"Endurance athletes -- including runners and swimmers -- are at higher risk for energy deficiency due to high caloric expenditure," Lundstrom said. "While we focused on runners and swimmers in this study, the relationships we observed between stress, eating attitudes and metabolism during different phases of a competitive season may apply to other endurance sports with similar training demands and training periodization."

By combining data from the runners and swimmers, the researchers were able to examine how endurance athletes' attitudes, stress and caloric intake changed across a collegiate pre-season, peak-season and off-season.




The researchers found that sport-related stress was highest during the peak-season and elevated during the pre-season when athletes were training heavily for their competitive season. During the off-season, when training demands had relaxed and training varied greatly between individuals, sport-related stress was lower.

During the pre-and peak season, when sports-specific stress was high, results demonstrated that individuals who experienced higher sports-specific stress had higher levels of unhealthy eating attitudes. Those athletes with unhealthy eating attitudes also were less likely to consume enough calories to meet their bodies' needs, which can be observed through measurements of their metabolism. In the off-season, when sport-specific stress was lower, the relationships between sport-specific stress, eating attitudes and caloric intake were no longer present.

"We thought it was noteworthy that in the off-season, many of the correlations broke down," Williams said. "It is not as if the athletes are not training in the off-season; they just had more variability. Something about this training period disrupted the associations between sport-specific stress, eating attitudes and whether someone consumed enough food."

The researchers determined which athletes were not consuming enough calories by measuring participants' resting metabolic rates. To calculate predicted resting metabolic rate, the researchers estimated how many calories each individual needed based on their body composition from a dual-energy x-ray absorptiometry scan and other physical characteristics. Then, to measure actual metabolic rate, each participant laid under a ventilated hood that determined their oxygen consumption by sampling their expired air. The amount of oxygen consumed related directly to the amount of energy expended during rest and the balance of oxygen and carbon dioxide in the participant's expired breath indicated the type of nutrients the athlete was metabolizing.

The researchers compared each athlete's measured resting metabolic rate to their estimated caloric needs at rest and identified which individuals were not consuming enough calories. Then, the researchers examined the associations between athletes' attitudes about eating, their levels of sport-related stress, their levels of stress from other sources -- like class assignments or relationships -- and whether they were consuming enough. Prior research from the Women's Health and Exercise Lab, co-directed by Williams and De Souza, validated the use of resting metabolic rate to identify people who are not consuming enough calories to meet their energy demands.

"This is the one of the first research studies to examine how upstream factors, like sport-specific stress, were related to eating attitudes as well as downstream outcomes, like whether an athlete consumed enough calories," Williams said.




More research is needed to understand whether these associations are present among athletes in other highly competitive sports, the researchers said. Still, they said this result points to specific steps that coaches and researchers should consider immediately for the health and well-being of athletes.

"Coaches should be aware that periods of high stress -- physical, competitive and academic -- can all impact how much collegiate athletes are eating," Lundstrom said. "So, the coaches or the athletic programs may need to do more to help athletes manage their stress during the more intense parts of the season. Additionally, those of us who study athletes may need to consider the different phases of sports seasons when assessing athletes' stress, eating or well-being. If we are studying people in their offseason, we could miss significant unhealthy eating that should be captured for the athletes' health."

Williams and Lundstrom said they are especially interested in this population because of their backgrounds as collegiate athletes. Williams played field hockey, basketball and lacrosse, while Lundstrom was a collegiate swimmer who also has experience as a collegiate swimming coach.

"My experiences competing and then coaching these athletes -- combined with learning the physiology behind many of the issues that I experienced or witnessed -- really helped me bridge the gap between theory and practice," Lundstrom said.
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Getting to the root of the problem: Intensive diabetes treatment reduces gum disease inflammation | ScienceDaily
A recent study reveals that intensive diabetes treatment can improve periodontal disease inflammation. Researchers found that two weeks of intensive diabetes treatment under hospitalization for patients with type 2 diabetes significantly improved not only blood sugar control but also PISA, an indicator of gum disease inflammation. Furthermore, the improvement in PISA was related to factors such as insulin secretion capacity and the severity of diabetes complications and comorbidities before diabetes treatment. These findings suggest that early intervention in diabetes is crucial for improving gum disease in diabetic patients.


						
While the link between diabetes and periodontal disease is known, the impact of diabetes treatment on periodontal health is less well understood. Recent research published in Diabetes, Obesity and Metabolism demonstrates that periodontal inflammation can be positively affected just by receiving intensive diabetes treatment.

It is widely believed that there is an interrelationship between diabetes and periodontal disease. While it has been shown that treatment of periodontal disease improves blood glucose control, the effect of diabetes treatment on periodontal disease has remained largely unknown.

A collaborative research team between the Graduate Schools of Dentistry, Medicine, and Engineering at Osaka University administered a two-week intensive diabetes treatment to 29 type 2 diabetes patients, analyzing systemic, and dental indicators before and after treatment. No dental interventions were performed as part of this study; patients only received diabetes treatment. Results showed improvements in both glycoalbumin, a marker of blood sugar control, and PISA (Periodontal Inflamed Surface Area), indicating reduced blood glucose level and periodontal inflammation. Further, comparison of subjects based on PISA improvement revealed that those with significant improvement had higher pre-treatment C-peptide levels, suggesting better insulin secretion and better CVRR and ABI values, indicating less severe diabetic neuropathy and peripheral vascular disorders.

"These research findings are expected to advance our understanding of the mechanisms underlying the relationship between diabetes and periodontal disease," says senior author Masae Kuboniwa. "This study demonstrates that improving periodontal disease in diabetic patients requires not only periodontal treatment but also early diabetes management. We anticipate that promoting collaboration between medical and dental care from the early stages of diabetes can significantly contribute to preventing the onset and progression of periodontal disease in diabetic patients."
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New treatment extends ovarian function in older mice | ScienceDaily
A woman's ovaries are like a factory where eggs grow and produce hormones that regulate everything from menstruation and pregnancy to bone density and mood. As she and her factory age, production dwindles, and by the time she hits menopause (age 51, on average), the factory is preparing to shut its doors.


						
A new Northwestern Medicine study in mice has discovered a novel way to lengthen the "healthspan" of this factory -- improving maintenance of the ovaries and preventing key age-related changes in ovarian function. "Healthspan" refers to the length of time a person remains healthy and free from serious illness or chronic diseases.

"The average age of menopause has stayed constant over the years, but women are living decades longer than that because of health and medical advances," said corresponding author Francesca Duncan, associate professor of obstetrics and gynecology (reproductive science in medicine) at Northwestern University Feinberg School of Medicine. "We've changed the landscape of how we live, and our ovarian function needs to catch up so that we have an organ that functions proportionately to maintain women's healthspans longer."

The findings will be published Sept. 16 in the journal GeroScience.

For this study, researchers used Pirfenidone, which is commonly used to treat idiopathic pulmonary fibrosis. But other ongoing studies are underway to identify optimal drug targets for ovarian fibrosis and to conduct clinical trials in women.

"This drug is not one that can be used in a clinical setting for this purpose because it has significant side effects, like liver toxicity, although we didn't see that in mice," Duncan said. "However, we demonstrated proof-of-concept: we can modulate ovarian fibrosis and improve outcomes. We are now actively working to find a safe and effective drug to do this in humans."

Consequences of stiffer ovaries in older age

In a previous study, Duncan's lab was the first to find that as ovaries age, they become excessively inflamed, fibrotic and stiff -- similar to scarring in other tissues. Because cancer cells prefer collagen-rich, stiff environments, aged ovaries provide suitable conditions for cancer cells to proliferate, Duncan said.




Stiff ovaries also affect egg quality, the earlier study found, which could help explain why women's fertility declines in their 30s and 40s.

In the new study, mice treated with medication to reduce ovarian scarring experienced higher follicle numbers, improved ovulation and maintained normal hormone levels.

"Right now, our solutions for the age-related decline in fertility, such as freezing one's eggs, are a Band-Aid," Duncan said. "You're still going to be transferring those embryos into an older woman, which has its own risks."

'Pushing the fertile window is not the ultimate goal of the study'

Lengthening a woman's fertility window is only one part of the equation, Duncan said.

"We're likely going to push the fertile window, but that is not the ultimate goal of the study," Duncan said. "Not everyone is concerned about having children."

This study focuses on ways to improve the ovarian environment, so it can continue producing critical hormones much later in a woman's life. Decreased estrogen and progesterone levels accelerate bone loss, which increases the risk of osteoporosis. Low hormones also can lead to an increased risk of cardiovascular disease; can cause thinning of the vaginal walls, leading to discomfort during sex or urinary issues; and can lead to decreased cognitive function and mood.




"If you fix the ovarian environment, you solve all the problems because you have follicles and eggs that can contribute to fertility and hormone production," Duncan said. "It's fixing the root of the issue."

The study is titled, "Systemic low?dose anti?fibrotic treatment attenuates ovarian aging in the mouse."Funding for the study was provided by the Global Consortium for Reproductive Longevity and Equality.
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Lower neighborhood opportunity may increase risk for preterm birth | ScienceDaily
A new study suggests that neighborhoods with fewer educational, health, environmental, and socioeconomic resources may increase one's risk for preterm birth and contribute to the racial gap in preterm birth in the Commonwealth.


						
Preterm birth, defined as a live birth before 37 weeks of pregnancy, is the second-leading cause of infant mortality in the United States, and one that disproportionately affects Black and Hispanic birthing people. While individual-level factors such as poverty, age, and health status may contribute to racial/ethnic disparities in preterm birth, researchers believe there are broader structural challenges that may be driving the racial gap in this all-too-common birth complication.

A new study led by Boston University School of Public Health (BUSPH) examined preterm births in Massachusetts, where 1 in 11 live births are premature, and found that the social characteristics of a birthing parent's neighborhood is associated with their risk of experiencing an early delivery.

Published in JAMA Network Open, the study found that more than half of Black and Hispanic infants were born into very low-opportunity neighborhoods, and that babies born into these neighborhoods had a 16-percent greater risk of being born preterm. Researchers assessed neighborhood opportunity level based on a variety of educational, health, environmental, and socioeconomic characteristics identified in the Childhood Opportunity Index (COI), a widely used composite measure that currently includes 44 indicators by census tract.

The study sheds new light on the health consequences of structural racism and historically discriminatory practices -- such as redlining and disproportionate exposures to pollutants -- that continue to shape modern-day neighborhood conditions and circumstances. Because neighborhood social opportunity is inequitably distributed by race and ethnicity, the COI serves as a valuable measure of both historic and ongoing structural racism, the researchers say.

"Our findings suggest that the context of social opportunity has an impact on children's health before they are even born, and may in part be a driver of persistent racial and ethnic inequities in preterm birth," says study lead and corresponding author Dr. Candice Belanoff, clinical associate professor of community health sciences at BUSPH. "The effect remained after we controlled for factors such as maternal/birthing parent health and individual social position."

Dr. Belanoff and colleagues from BUSPH, Simmons SSW, the University of Illinois, Chicago (UIC), and Brandeis University (Brandeis) utilized Massachusetts birth certificate data by census tract for more than 260,000 singleton infants born in the Boston, Springfield, and Worcester metropolitan areas from February 2011 to December 2015, to explore possible links between neighborhood opportunity levels and preterm births.

Preterm birth was highest among Black infants at 8.4 percent, followed by Hispanic infants at 7.3 percent, Asian or Pacific Islander infants at 5.8 percent, and White infants at 5.8 percent. Compared to White and Asian or Pacific Islander infants, Black and Hispanic infants were approximately 54 percent more likely to be born into very low child opportunity neighborhoods, compared to White infants (11.8 percent) and Asian or Pacific Islander infants (19.6 percent) Similarly, Black and Hispanic infants were also least likely to be born into very high child opportunity neighborhoods, at 6 percent and 6.7 percent, respectively.

"While many lower opportunity neighborhoods are rich cultural hubs and locations of incredible community activism and power, they still suffer the effects of economic exclusion, they are still closer to toxic environmental exposures, and they still generally feature fewer of the resources that help people flourish across the life course," Dr. Belanoff says.

"This is why it is important to look beyond the individual if we are ever going to reduce or eliminate the racial/ethnic gap in birth outcomes," says study senior author Dr. Joanna Almeida, professor and Eva Whiting White Endowed Chair at Simmons SSW. "We need to address the inequitable distribution of resources and access to neighborhood opportunity in order to move the needle on racial and ethnic inequities in preterm birth."
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Hardship early in life can affect health and longevity -- even for marmots | ScienceDaily
Adversity early in life can have permanent health consequences for people -- even if their circumstances improve dramatically later on. Scientists use a cumulative adversity index, or CAI, which quantifies measures of hardship including poverty and stress, to understand health and longevity over the course of an individual's life. This has been helpful in identifying specific measures governments, health care providers and families can take to improve people's lives.


						
Wild animals may also experience adversity early in life, but the effect on their survival and longevity is unknown. While a similar tool could help scientists conserve animal populations by identifying the most influential stressors to mitigate, few populations have been studied over a long enough time to get the data needed to develop a CAI for that species.

UCLA biologists are changing that by creating the first cumulative adversity index for yellow-bellied marmots, based on 62 years of continuous data collection at the Rocky Mountain Biological Laboratory in Colorado. This is the second-longest study of individually marked mammals in the world. The new study, published in Ecology Letters, offers detailed steps for scientists with large datasets for other species to create their own CAI.

The index they developed identified some predictable but also surprising stressors with significant effects on marmot survival and longevity. For example, it was no surprise a late start of the growing season reduced survival because marmots must gain weight during the summer for their 7- to 8-month hibernation. But the finding that summer drought had no effect was unexpected. Predation also played a smaller-than-anticipated role. Not surprisingly, a mother's death played a large role -- but it still did even if it occurred after the pup was weaned. That may be because pups live with their mother for a full year after weaning.

To create the index, doctoral student Xochitl Ortiz-Ross selected data for female marmots born after 2001 -- when the researchers started quantifying physiological stress -- that remained in one of the studied colonies until 2019, to guarantee an accurate record of their pedigree, age and lifetime experiences. Males typically disperse while females remain in the area where they are born, so biologists can observe females during their lifespan.

This population of marmots spans a 984-foot (300-meter) elevation change that divides the population into up-valley and down-valley groups, with different environmental and demographic conditions. The scientists trap individuals in the population biweekly from spring through late summer, when the marmots are active, collecting behavioral, morphological and physiological data.

Ortiz-Ross identified the following ecological, demographic and maternal measures of adversity, all of which can affect if a pup survives its first year: late start of season; summer drought; predation pressure; large litters; male-biased litters; late weaning; poor maternal mass; high maternal stress; and maternal loss. She wanted to find out if these factors had any effect on the length of an individual's lifespan after the first year.




These variables were fed into computer models that quantified standard, mild, moderate and acute adversity. All models yielded similar results. Moderate and acute cumulative adversity decreased the odds of pup survival by 30% and 40%, respectively. Pup survival odds were significantly higher up-valley for all models, while maternal loss decreased survival odds in all models and by up to 64% in the moderate adversity model. Poor maternal mass decreased chances of survival by 77% only in the moderate adversity model, while late weaning decreased odds by 33% only in the standardized and raw models. Surprisingly, drought increased odds of survival across all but the acute adversity model, with the greatest effect observed in the moderate adversity model.

The average adult lifespan was 3.8 years, but acute CAIs tripled the risk of adverse effects on life expectancy.

"We found that a CAI effectively captures short-term survival risk in yellow-bellied marmots, and even in the long term, increased adversity early in life lowered the adult lifespan," Ortiz-Ross said. "Positive effects didn't cancel out earlier adverse ones, suggesting that adversity does accumulate in marmots and can't be fully recovered by positive experiences."

The results supported the hypothesis that a CAI can be a useful tool to evaluate the long-term survival impact of multiple early life stressors in yellow-bellied marmots.

"What we're facing in terms of biodiversity management is death by a thousand cuts. We typically study one factor at a time: humans, predators, climate and so forth," said Daniel Blumstein, co-author and professor of ecology and evolutionary biology. "But these impacts occur together and have a cumulative effect. We need a way to figure out which of these stressors -- or which combination -- has the biggest cumulative effect, and our research shows the CAI can do that for marmots."

For example, conservation plans targeting this marmot population might target the down-valley group which surprisingly, fared a little worse, and on reducing maternal mortality and improving the health of mothers. But they might not need to target reducing predation or countering the effects of summer drought; these did not turn out to be as important as expected.
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Chances of successful pregnancy are the same with embryo transfer on day three or five | ScienceDaily
In IVF treatment, embryos are traditionally transferred in the uterus three days after fertilization. Due to improvements in laboratory techniques, this is now also possible after five days. It was assumed that this increases the chance of a successful pregnancy. A study by Radboud university medical center and Amsterdam UMC shows that the day of transfer does not influence the success rate of the IVF trajectory.


						
One out of thirty children in the Netherlands is conceived via in vitro fertilization, or IVF for short. In this procedure, egg cells are fertilized outside the body and grown in the laboratory for several days. One or more embryos are then transferred back in the uterus and the rest is frozen. Traditionally, the laboratory phase lasts three days. Due to technical improvements, embryo transfer is now also possible after five days. The idea is that only viable embryos remain after five days, which increases the chance of a successful pregnancy. However, this leaves fewer embryos in the freezer.

Previous research has shown that the chance of success after the first transfer is indeed higher when this takes place on day five than on day three. But these studies did not evaluate the results of the entire IVF trajectory, including any subsequent transfer of frozen embryos. Research by Radboud university medical center, carried out in collaboration with Amsterdam UMC, changes this.

The same number of pregnancies

The study was conducted in 21 Dutch IVF centers among more than 1,200 women. At least four embryos had to be available for transfer two days after fertilization. In half of the women, embryos were transferred on day three, in the other half on day five. The outcome was the chance of a successful pregnancy during the entire IVF trajectory. This turned out to be the same in both groups, around sixty percent.

Researcher Simone Cornelisse explains the results: 'Ultimately, IVF is about a successful pregnancy, and not only about the chances of success after the first transfer. Abroad, where IVF care is not insured, clinics often advertise their success rates from the first transfer on day five. In doing so, they provide an incomplete representation of the situation. Our study shows that women should have a choice about the moment of transfer.'

Personal decision

Other results from the study may influence that choice. As in previous research, there was a higher chance of a successful pregnancy after the first transfer on day five. There were also fewer miscarriages in that group. On the other hand, if the embryos were transferred on day three, more could be frozen for later use and the risk of premature birth was somewhat lower. Both choices have advantages and disadvantages, but do not make any difference to the overall success rate.

'It is a very personal decision', says clinical embryologist Liliana Ramos, one of the study leaders. 'For some people, getting pregnant as quickly as possible is very important, for example if the woman is older. Someone else attaches more value to a larger number of frozen embryos or wants to keep the chance of premature birth as small as possible. There is no guideline regarding the day of transfer. Therefore, a couple who want to become pregnant must discuss it with the doctor and make a choice together.'
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Brain vasculature changes important for predicting cognitive impairment | ScienceDaily
University of Oklahoma researchers recently published a study showing that several measurements of the brain, including blood flow and the brain's ability to compensate for the lack of it, are better predictors of mild cognitive impairment than risk factors like hypertension and high cholesterol.


						
The findings further the prospects of preventing or treating memory problems early before they progress to dementia. The need is only becoming greater: Approximately 18% of the world's population has mild cognitive impairment, and 10-15% will go on to develop dementia. By 2050, dementia is projected to affect 152 million people.

The research was led by a multidisciplinary group of researchers in the OU College of Medicine and published in Alzheimer's & Dementia, a journal of the Alzheimer's Association. Their studies centered on the brain's vasculature -- its network of blood vessels -- and how this acts differently in older adults with mild cognitive impairment.

"People with mild cognitive impairment are at highest risk for the next step, which is dementia," said Calin Prodan, M.D., a professor of neurology in the OU College of Medicine and a co-author of the paper. "We're trying to decipher the 'fingerprints' of mild cognitive impairment -- what happens to the brain when a person moves from healthy aging to mild cognitive impairment, and is there something we can do to intervene and prevent the decline to dementia?"

The research team took several types of brain measurements in people at three stages of life: young adults, older adults with aging but healthy brains, and older adults with mild cognitive impairment. Each group played a short memory challenge game on a computer while wearing what looked like a swim cap with light sensors; the technology, called functional near-infrared spectroscopy, measured blood flow in the brain as participants were challenged to memorize increasingly larger sequences of letters.

In the brains of young adults, blood flow increased, giving their brains the energy they needed to meet the demands of the game, a process called neurovascular coupling. In people with healthy aging brains, the blood flow did not increase as much, but to compensate, their brains engaged other regions of the brain to help with the challenge, a process known as functional connectivity. In the brains of older adults with mild cognitive impairment, the blood flow was greatly reduced, and they lost the ability to compensate by recruiting other parts of the brain to help.

"People with mild cognitive impairment have lost that compensation mechanism. There is a drastic change in brain activity in those with mild cognitive impairment," said Cameron Owens, Ph.D., lead author of the study. After earning his doctorate, Owens is now in his third year of medical school as part of the OU College of Medicine's M.D./Ph.D. degree program.




Another type of assessment -- a liquid biopsy -- gave researchers an additional window into the brains of people with cognitive impairment. This blood analysis measured the amount of cerebrovascular endothelial extracellular vesicles, or CEEVs, which are tiny particles released from the cells lining the brain's blood vessels. Existing research shows that when the inner lining of blood vessels is damaged, it secretes CEEVS. People with mild cognitive impairment had more CEEVs in their brains than those with healthy aging brains. Furthermore, MRI images confirmed that people with higher levels of CEEVs also had more ischemic damage, meaning the small vessels in their brains did not receive adequate blood supply. The researchers believe this is the first time that CEEVs have been measured in a cognitive condition.

"Every brain is different, and there may be differing reasons for cognitive impairment, but having these predictors -- measuring neurovascular coupling, functional connectivity, and CEEVs -- potentially opens opportunities to develop individualized interventions, whether it's a pharmacological therapy or non-invasive brain stimulation, or something as simple as cognitive behavioral therapy," said Andriy Yabluchanskiy, Ph.D., OU College of Medicine associate professor of neurosurgery and co-author of the study.

The research will continue with several additional angles. The team plans to further analyze CEEVs, which are like bubbles carrying a variety of materials, to see if that cargo also contributes to mild cognitive impairment. In addition, because the study began during the COVID-19 pandemic, researchers are evaluating whether infection with the virus accelerated the progression to dementia in people with mild cognitive impairment.

"We are in year two of a four-year study," Yabluchanskiy said. "This is a prospective study in which all of our participants are living right here in Oklahoma."
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        Hexagonal electrohydraulic modules shape-shift into versatile robots
        Scientists at MPI-IS have developed electrically driven robotic components, called HEXEL modules, which can snap together into high-speed reconfigurable robots. Magnets embedded along the outside of the modules allow them to electrically and mechanically connect to other modules, forming robots with diverse shapes and capabilities. HEXEL modules are a promising technology for use in resource-limited environments, such as on space or rescue missions, and can be used to construct versatile robots f...

      

      
        Flexible circuits made with silk and graphene on the horizon
        Ultra-thin layers of silk deposited on graphene in perfect alignment represent a key advance for the control needed in microelectronics and advanced neural network development.

      

      
        Versatile knee exo for safer lifting
        A set of knee exoskeletons, built with commercially available knee braces and drone motors, has been shown to help counteract fatigue in lifting and carrying tasks. They helped users maintain better lifting posture even when tired, a key factor in defending against on-the-job injuries, the researchers say.

      

      
        Homemade 'play-putty' can read the body's electric signals
        Researchers demonstrates the effectiveness of homemade play putty at reading brain, heart, muscle and eye activity. The research outlines the conductive properties of this material, so-named 'squishy circuits.'

      

      
        Magnifying deep space through the 'carousel lens'
        A newly discovered cluster-scale strong gravitational lens, with a rare alignment of seven background lensed galaxies, provides a unique opportunity to study cosmology.

      

      
        Artificial intelligence grunt work can be outsourced using a new blockchain-based framework
        Researchers have developed a new framework to make complex AI tasks more accessible and transparent to users. The framework specializes in providing solutions to deep reinforcement learning (DRL) requests. The framework pairs developers, companies and individuals that have specific but out-of-reach AI needs with service providers who have the resources, expertise and models they require. The service is crowdsourced, built on a blockchain and uses a smart contract -- a contract with a pre-defined ...

      

      
        Why petting your cat leads to static electricity
        Static electricity was first observed in 600 B.C., but researchers have struggled to explain how rubbing causes it. In 2019, researchers discovered nanosized surface deformations at play. The same researchers now say different electrical charges build up on the front and back parts of a sliding object, creating a current.

      

      
        Like humans, artificial minds can 'learn by thinking'
        A new review shows that this process of thinking is not exclusive to humans. Artificial intelligence, too, is capable of self-correction and arriving at new conclusions through 'learning by thinking.'

      

      
        Gargantuan black hole jets are biggest seen yet
        Astronomers have spotted the biggest pair of black hole jets ever seen, spanning 23 million light-years in total length. That's equivalent to lining up 140 Milky Way galaxies back to back.

      

      
        Researchers use machine learning to improve cardiovascular risk assessment
        Researchers used advanced machine learning to increase the accuracy of a national cardiovascular risk calculator while preserving its interpretability and original risk associations.

      

      
        NASA's Webb provides another look into galactic collisions
        Astronomers examined galaxy Arp 107 which has revealed a wealth of information about star-formation and how two galaxies collided hundreds of million years ago. Arp 107 is located 465 million light-years from Earth in the constellation Leo Minor.

      

      
        Measuring how much wood a wood shuck shucks with all-new wood shuck food
        Researchers want to transform the natural and abundant resource wood into useful materials, and central to that is a molecular machine found in fungi that decomposes the complex raw material into its basic components. Researchers have come up with a test feed for the fungal molecular machine that allows them to observe its close-to-natural action, opening the door to improving it and to putting it to industrial application.

      

      
        One in five UK doctors use AI chatbots, study finds
        A survey reveals that a significant proportion of UK general practitioners (GPs) are integrating generative AI tools, such as ChatGPT, into their clinical workflows. The results highlight the rapidly growing role of artificial intelligence in healthcare -- a development that has the potential to revolutionize patient care but also raises significant ethical and safety concerns.

      

      
        Constriction junction, do you function?
        Scientists have shown that a type of qubit whose architecture is more amenable to mass production can perform comparably to qubits currently dominating the field. With a series of mathematical analyses, the scientists have provided a roadmap for simpler qubit fabrication that enables robust and reliable manufacturing of these quantum computer building blocks.

      

      
        Creating full-taste, reduced alcohol wine and spirits: New trial opens realm of possibilities
        A new study has successfully used porous liquids to achieve liquid-liquid separation for the first time, creating exciting potential for advancing both environmental sustainability and public health.

      

      
        Nanotechnology: DNA origami with cargo function
        Chemists present two studies that open up new possibilities for biotechnological applications.

      

      
        Mapping out matter's building blocks in 3D
        Deep inside what we perceive as solid matter, the landscape is anything but stationary. The interior of the building blocks of the atom's nucleus -- particles called hadrons that most of us would recognize as protons and neutrons -- are made up of a seething mixture of interacting quarks and gluons, known collectively as partons. The HadStruc collaboration has now come together to map out these partons and disentangle how they interact to form hadrons.

      

      
        An OLED for compact, lightweight night vision
        A new type of OLED (organic light emitting diode) could replace bulky night vision goggles with lightweight glasses, making them cheaper and more practical for prolonged use, according to researchers.

      

      
        A smoother way to study 'twistronics'
        A new article describes a fingernail-sized machine that can twist thin materials at will, replacing the need to fabricate twisted devices one by one.

      

      
        Graphite oxidation experiments reveal new type of oscillating chemical reaction
        A reaction that puzzled scientists for 50 years has now been explained by researchers at Ume University. Rapid structural snapshots captured how graphite transforms into graphite oxide during electrochemical oxidation, revealing intermediate structures that appear and disappear over time. The researchers describe this as a new type of oscillating reaction.

      

      
        New technology produces ultrashort ion pulses
        New technology has allowed scientists to create ultra short ion pulses, with a duration of less than 500 picoseconds. This can be used to analyze materials or even make chemical reactions visible in real time.

      

      
        Recent study reveals reduced maths performance of adults with Dyspraxia
        Dyspraxia, also known as Developmental Coordination Disorder (DCD), can have a bigger impact on adult mathematical performance than previously thought, according to new research.

      

      
        New understanding of the limits on nano-noise
        Thanks to nanoscale devices as small as human cells, researchers can create groundbreaking material properties, leading to smaller, faster, and more energy-efficient electronics. However, to fully unlock the potential of nanotechnology, addressing noise is crucial. A research team has taken a significant step toward unraveling fundamental constraints on noise, paving the way for future nanoelectronics.

      

      
        New results from the CMS experiment put W boson mass mystery to rest
        Physicists on the CMS experiment announce the most elaborate mass measurement of a particle that is notoriously difficult to study and has captivated the physics community for decades.

      

      
        Moving particle simulation-aided soil plasticity analysis for earth pressure balance shield tunnelling
        Understanding the relationship between plasticity of muddy soil and earth pressure can be crucial to maintaining tunnel stability and predicting ground behavior during earth pressure balance (EPB) shield tunnelling, a common underground excavation method. Researchers developed small-scale model experimentation combined with moving particle simulation-based computer-aided engineering analysis that reliably predicted soil's plasticity and its correlating factors without having to deal with the cost...

      

      
        A wobble from Mars could be sign of dark matter
        Watching for changes in Mars' orbit over time could be new way to detect passing dark matter, according to researchers.

      

      
        In step toward solar fuels, durable artificial photosynthesis setup chains two carbons together
        A key step toward reusing CO2 to make sustainable fuels is chaining carbon atoms together, and an artificial photosynthesis system can bind two of them into hydrocarbons with field-leading performance.

      

      
        Synthetic mini-motor with enormous power developed
        Researchers developed an artificial motor at the supramolecular level that can develop impressive power. This wind-up motor is a tiny ribbon made of special molecules. When energy is applied, this ribbon aligns itself, moves like a small fin and can thus push objects. The energy for this comes from a chemical fuel.

      

      
        More black holes than expected in the early universe
        With the help of NASA's Hubble Space Telescope, an international team of scientists has found more black holes in the early universe than has previously been reported. The new result can help scientists understand how supermassive black holes were created.

      

      
        Reducing the cultural bias of AI with one sentence
        Cultural values and traditions differ across the globe, but large language models (LLMs), used in text-generating programs such as ChatGPT, have a tendency to reflect values from English-speaking and Protestant European countries. A research team believes there is an easy way to solve that problem.

      

      
        Black hole pairs may unveil new particles
        In a new paper, physicists argue that close observations of merging black hole pairs may unveil information about potential new particles.

      

      
        Beneath the brushstrokes, van Gogh's sky is alive with real-world physics
        Van Gogh's brushstrokes in 'The Starry Night' create an illusion of sky movement so convincing it led researchers to wonder how closely it aligns with the physics of real skies. Marine sciences and fluid dynamics specialists analyzed the painting to uncover what they call the hidden turbulence in the artwork. They used brushstrokes to examine the shape, energy, and scaling of atmospheric characteristics of the otherwise invisible atmosphere and used the relative brightness of the varying paint co...

      

      
        Autonomous vehicles could understand their passengers better with ChatGPT
        Imagine simply telling your vehicle, 'I'm in a hurry,' and it automatically takes you on the most efficient route to where you need to be. Engineers found that an autonomous vehicle (AV) can do this with the help of ChatGPT or other chatbots made possible by artificial intelligence algorithms called large language models.

      

      
        Using sunlight to turn two greenhouse gases into valuable chemicals
        Researchers harnessed the power of sunlight to transform two of the most harmful greenhouse gases into valuable chemicals. The discovery could help combat climate change and provide a more sustainable way to produce certain industrial products.

      

      
        Tougher concrete, inspired by bone
        Researchers used robotics and additive manufacturing to toughen cement-based material with precisely placed hollow tubes. The result is more than 5 times tougher than counterparts.

      

      
        Deep-learning innovation secures semiconductors against counterfeit chips
        Researchers developed RAPTOR, a patent-pending optical counterfeit detection method for chips used in semiconductor devices. It leverages deep learning to identify tampering. It improves upon traditional methods, which face challenges in scalability and discriminating between natural degradation and adversarial tampering.

      

      
        Wildland firefighters hit their STRIDE
        You're a hotshot working to contain a wildfire. The conflagration jumps the fire line, forcing your crew to flee using pre-determined escape routes. At the start of the day, the crew boss estimated how long it should take to get to the safety zone. With the flames at your back, you check your watch and hope they were right. Firefighters, disaster responders, rural health care workers and professionals in myriad other fields need a tool that incorporates all aspects of a landscape's structure to e...

      

      
        Technology could boost renewable energy storage
        Renewable energy sources like wind and solar are critical to sustaining our planet, but they come with a big challenge: they don't always generate power when it's needed. To make the most of them, we need efficient and affordable ways to store the energy they produce, so we have power even when the wind isn't blowing or the sun isn't shining.

      

      
        Researchers test ChatGPT, other AI models against real-world students
        An experiment tested six generative large language models against students in an online introductory biomedical and health informatics course. The models scored higher than as many as three quarters of the real-world students in the class.

      

      
        Improving eye tracking to assess brain disorders
        Using piezoelectricity, an engineering team developed wearable sensors to examine eye movement to assess brain disorders or damage to the brain.

      

      
        Contrail avoidance is less likely to damage climate by mistake than previously thought, study finds
        A new study allays fears that rerouting flights to avoid forming climate-warming contrails could result in inadvertently making climate warming worse.

      

      
        Physics team electrifies the quantum world
        Researchers have developed a method to model a central theory of quantum gravity in the laboratory. Their goal: to decipher previously unexplained phenomena in the quantum world.

      

      
        Astronomers detect black hole 'starving' its host galaxy to death
        Astronomers have used the NASA/ESA James Webb Space Telescope to confirm that supermassive black holes can starve their host galaxies of the fuel they need to form new stars.

      

      
        CREME AI and CRISPR in tandem
        CREME is a virtual laboratory that allows scientists to simulate specific decreases in gene activity. It offers a powerful new tool for identifying and understanding important parts of the genome. And it could one day give scientists who don't have access to real laboratories the power to make breakthrough discoveries.

      

      
        Beyond displays: Liquid crystals in motion mimic biological systems
        Under the right conditions, liquid crystals condense into astonishing structures, spontaneously generating filaments and flattened discs that can transport material from one place to another, much like complex biological systems. The insight may lead to self-assembling materials, new ways to model cellular activity and more.

      

      
        New research solves Crystal Palace mystery
        New research has solved the mystery of how the Crystal Palace in London, which at the time was the world's largest building, was constructed in only 190 days and completed just in time for the start of the Great Exhibition of 1851. The study has discovered that the Crystal Palace was the first building known to have made use of a standard screw thread -- something that's now taken for granted in modern construction and engineering. Before this, no two nuts and bolts were the same.

      

      
        Shedding light on superconducting disorder
        The importance of disorder in physics is only matched by the difficulty to study it. For example, the remarkable properties of high-temperature superconductors are greatly affected by variations in the chemical composition of the solid. Techniques that enable measurements of such disorder and its impact on the electronic properties, such as scanning tunnelling microscopy, work only at very low temperatures, and are blind to these physics near the transition temperature. Now, a team of researchers...

      

      
        Energy-saving computing with magnetic whirls
        Researchers have managed to enhance the framework of Brownian reservoir computing by recording and transferring hand gestures to the system which then used skyrmions to detect these individual gestures.

      

      
        Early dark energy could resolve cosmology's two biggest puzzles
        Physicists propose that a mysterious force known as early dark energy could solve two of the biggest puzzles in cosmology and fill in some major gaps in our understanding of how the early universe evolved.

      

      
        Breakthrough is a game changer in heart valve technology
        When a patient needs a new heart valve, the current mechanical and tissue replacements each have strengths and weaknesses. Now, a team of researchers believe they have found a way to harness the strengths of both technologies in a way that could be life-changing -- and life-saving -- for many.
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Hexagonal electrohydraulic modules shape-shift into versatile robots | ScienceDaily
Scientists at the Max-Planck-Institute for Intelligent Systems (MPI-IS) have developed hexagon-shaped robotic components, called modules, that can be snapped together LEGO-style into high-speed robots that can be rearranged for different capabilities. The team of researchers from the Robotic Materials Department at MPI-IS, led by Christoph Keplinger, integrated artificial muscles into hexagonal exoskeletons that are embedded with magnets, allowing for quick mechanical and electrical connections. The team's work, "Hexagonal electrohydraulic modules for rapidly reconfigurable high-speed robots" will be published in Science Robotics on September 18, 2024.


						
Six lightweight rigid plates made from glass fiber serve as the exoskeleton of each HEXEL module. The inner joints of the hexagons are driven by hydraulically amplified self-healing electrostatic (HASEL) artificial muscles. Applying a high voltage to the module causes the muscle to activate, rotating the joints of the hexagon and changing its shape from long and narrow to wide and flat.

"Combining soft and rigid components in this way enables high strokes and high speeds. By connecting several modules, we can create new robot geometries and repurpose them for changing needs," says Ellen Rumley, a visiting researcher from the University of Colorado Boulder. She and Zachary Yoder, who are both Ph.D. students working in the Robotic Materials Department, are co-first authors of the publication.

In a video, the team shows the many behaviors that can be created with HEXEL modules. A group of modules crawls through a narrow gap, while a single module actuates so fast that it can leap into the air. Multiple modules are connected into larger structures that produce different motions depending on how the modules are attached. For instance, the team combined several modules into a robot which rapidly rolls.

"In general, it makes a lot of sense to develop robots with reconfigurable capabilities. It's a sustainable design option -- instead of buying five different robots for five different purposes, we can build many different robots by using the same components. Robots made from reconfigurable modules could be rearranged on demand to provide more versatility than specialized systems, which could be beneficial in resource-limited environments'', Yoder concludes.
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Flexible circuits made with silk and graphene on the horizon | ScienceDaily
After thousands of years as a highly valuable commodity, silk continues to surprise. Now it may help usher in a whole new direction for microelectronics and computing.


						
While silk protein has been deployed in designer electronics, its use is currently limited in part because silk fibers are a messy tangle of spaghetti-like strands.

Now, a research team led by scientists at the Department of Energy's Pacific Northwest National Laboratory has tamed the tangle. They report in the journal Science Advances that they have achieved a uniform two-dimensional (2D) layer of silk protein fragments, or "fibroins," on graphene, a carbon-based material useful for its excellent electrical conductivity.

"These results provide a reproducible method for silk protein self-assembly that is essential for designing and fabricating silk-based electronics," said Chenyang Shi, the study's lead author. "It's important to note that this system is nontoxic and water-based, which is crucial for biocompatibility."

This combination of materials -- silk-on-graphene -- could form a sensitive, tunable transistor highly desired by the microelectronics industry for wearable and implantable health sensors. The PNNL team also sees potential for their use as a key component of memory transistors or "memristors," in computing neural networks. Memristors, used in neural networks, allow computers to mimic how the human brain functions.

The Silk Road

For centuries, silkworm silk production was a closely guarded secret in China, while its fame spread through the celebrated Silk Road trade routes to India, the Middle East, and eventually Europe. By the Middle Ages, silk had become a status symbol and a coveted commodity in European markets. Even today, silk is associated with luxury and status.




The same underlying properties that make silk fabric world-renowned -- elasticity, durability, and strength -- have led to its use in advanced materials applications.

"There's been a lot of research using silk as a way of modulating electronic signals, but because silk proteins are naturally disordered, there's only so much control that's been possible," said James De Yoreo, a Battelle Fellow at PNNL with a dual appointment as a Professor of Materials Science and Engineering and of Chemistry at the University of Washington. "So, with our experience in controlling material growth on surfaces, we thought 'what if we can make a better interface?'"

To do that, the team carefully controlled the reaction conditions, adding individual silk fibers to the water-based system in a precise manner. Through precision laboratory conditions, the team achieved a highly organized 2D layer of proteins packed in precise parallel b-sheets, one of the most common protein shapes in nature. Further imaging studies and complementary theoretical calculations showed that the thin silk layer adopts a stable structure with features found in natural silk. An electronic structure at this scale -- less than half the thickness of a strand of DNA -- supports the miniaturization found everywhere in the bio-electronics industry.

"This type of material lends itself to what we call field effects," said De Yoreo. "This means that it's a transistor switch that flips on or off in response to a signal. If you add, say, an antibody to it, then when a target protein binds, you cause a transistor to switch states."

Indeed, the researchers are planning to use this starting material and technique to create their own artificial silk with functional proteins added to it to enhance its usefulness and specificity.

This study represents the first step in controlled silk layering on functional electronic components. Key areas of future research include improving the stability and conductivity of silk-integrated circuits and exploring silk's potential in biodegradable electronics to increase the use of green chemistry in electronic manufacturing.

In addition to De Yoreo, PNNL materials scientist Shuai Zhang and Xiang Yang Liu of Xiamen University, Xiamen, China, were co-lead authors of the study. Other contributors include Marlo Zorman of the University of Washington, Seattle; Xiao Zhao and Miquel B. Salmeron of Lawrence Berkeley National Laboratory; and Jim Pfaendtner of North Carolina State University.

This study was supported by the DOE Office of Science, Basic Energy Sciences program. The molecular dynamics simulations and scanning Kelvin probe microscopy measurements were supported by the DOE BES Energy Frontiers Research Centers program through CSSAS: The Center for the Sciences of Synthesis Across Scales at the University of Washington.
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Versatile knee exo for safer lifting | ScienceDaily
A set of knee exoskeletons, built with commercially available knee braces and drone motors at the University of Michigan, has been shown to help counteract fatigue in lifting and carrying tasks. They helped users maintain better lifting posture even when tired, a key factor in defending against on-the-job injuries, the researchers say.


						
"Rather than directly bracing the back and giving up on proper lifting form, we strengthen the legs to maintain it," said Robert Gregg, U-M professor of robotics and corresponding author of the study in Science Robotics. "This differs from what's more commonly done in industry."

Already workers who lift regularly, such as in construction and manufacturing, may use back braces. Back exoskeletons, which use springs or motors to help with lifting, are an emerging technology. But devices supporting the back assume unsafe lifting, or stooping, and back exoskeletons tend to be cumbersome devices that must be deactivated to allow motions that aren't part of the lifting task, Gregg said.

The Michigan team says their knee exoskeletons are the first to support the quadriceps muscles instead, which provide the bulk of the force in safe squat lifting, as a less intrusive way to help protect workers from back injuries. Study participants tested them out with lifting and carrying tasks using a 20 lb kettlebell.

The tasks included lifting the weight off the ground and setting it down again, and lifting and carrying the weight on flat ground, up and down an incline, and up and down stairs. The study found that, after becoming fatigued, the participants kept better posture with the help of the exoskeleton, and they also lifted faster -- just 1% slower than their pre-fatigued paces, versus 44% slower without the aid of the exoskeletons.

"This is especially important when a worker has to keep up with a conveyor belt. Usually, when a worker is fatigued, they'll keep up with that rate, but with a compromised posture. They'll bend their back more, and that's when injuries are most likely," said Nikhil Divekar, a postdoctoral research fellow in robotics at U-M and first author of the study.

The participants felt the benefit, too -- they mainly said they were quite or very satisfied, with the exception of walking on level ground, for which they were more or less satisfied. This tracks with the small amount of assistance required by the quadriceps during this relatively easy task; Gregg described it as just enough support to counteract the weight of the exoskeleton.




One of the keys to making the exoskeleton so wearable is the motors and the way that they are geared, which enables users to swing their knees freely for a natural gait. The other is the software, which predicts what kind of assistance the user needs by measuring the angle of the knee joint, the orientations of the thigh and lower leg, and the force picked up by a sensor in the user's shoe.

With these three measurements from both legs, it's possible to work out what motion the user is trying to do, and how much assistance to give. These measurements were taken 150 times per second, enabling the exos to move seamlessly between activities.

This approach is in contrast to many exo controllers, which follow predefined patterns for a limited set of tasks. Switching tasks can be a problem for these controllers, and they may need a full second to figure out what the user is trying to do, Gregg said.

"If your exo is trying to walk upstairs, and you're trying to walk downstairs, that could be a problem, right?" he said.

The new controller also pairs a physics model with machine learning, which prevents the exoskeleton from making unexpected moves if the user begins behaving differently than any activity included in the controller's training data.

The lab prototypes cost about $4,000 per pair, so Gregg anticipates that if the exoskeletons were produced at scale, they might cost about $2,000 per pair.

The 10 study participants, five women and five men, did all the tasks on two different days, one day fresh and the other fatigued. To induce fatigue, each participant performed a series of squat lifts with the kettlebell until they couldn't continue without a long break between repetitions. All participants had experience with proper squat lifting techniques.

The study was funded by the National Institutes of Health.

The team has applied for patent protection with the assistance of U-M Innovation Partnerships and is seeking partners to bring the technology to market.
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Homemade 'play-putty' can read the body's electric signals | ScienceDaily
A new study by University of Massachusetts Amherst researchers demonstrates the effectiveness of homemade play putty at reading brain, heart, muscle and eye activity. Published in Device, the research outlines the conductive properties of this material, so-named "squishy circuits."


						
"[Squishy circuits] are literally child's play putty, that is also conductive" describes Dmitry Kireev, assistant professor of biomedical engineering and senior author on the paper.

The conductive squishy circuits -- whether homemade or store-bought- are made of flour, water, salt, cream of tartar and vegetable oil. "Salt is what makes it conductive," Kireev explains. As a child's toy, this modeling clay is a maleable way to add lights to an art projectby connecting them to a power source as a way to teach kids about circuits. Now, Kireev and his team have demonstrated that the material has more potential.

"We used the squishy circuits as an interface to measure electricity or measure bioelectrical potentials from a human body," he says. They found that, compared to commercially available gel electrodes, these squishy circuits effectively captured various electrophysiology measurements: electroencephalogram (EEG) for brain activity, electrocardiogram (ECG) for heart recordings, electrooculogram (EOG) for tracking eye movement and electromyography (EMG) for muscle contraction.

"What makes one electrode material better than another in terms of the quality of the measurements is impedance," he explains. Impedance is a measure that describes the quality of conductivity between two materials. "The lower the impedance between the electrode and the tissue, the better the conductivity in between and the better your ability to measure those bioelectrical potentials."

The study found that the impedance for the squishy circuit electrode was on par with one of the commercially available gel electrodes and twice as better as a second comparison electrode.

Kireev highlights several benefits to this material. First is cost: Even using pre-made putty, the cost per electrode was about 1cent. Typical electrodes cost on average between $0.25 and $1.

Also, the material is resilient: it can be formed and reformed, molded to the contours of the skin, combined with more putty to make it bigger, reused and easily reconnected if it comes apart. Other comparable state-of-the-art wearable bioelectronics have been made of carbon nanotubes, graphene, silver nanowires and organic polymers. While highly conductive, these materials can be expensive, difficult to handle or make, single use or fragile.

Kireev also highlights the availability of these materials. "It's something you can do at home or in high school laboratories, for example, if needed," he says. "You can democratize these applications [so it's] more widespread."

He gives credit to his research team of undergraduate students (some of whom have since graduated and are continuing with graduate studies at UMass): Alexandra Katsoulakis, Favour Nakyazze, Max Mchugh, Sean Morris, Monil Bhavsar and Om Tank.
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Magnifying deep space through the 'carousel lens' | ScienceDaily
In a rare and extraordinary discovery, researchers have identified a unique configuration of galaxies that form the most exquisitely aligned gravitational lens found to date. The Carousel Lens is a massive cluster-scale gravitational lens system that will enable researchers to delve deeper into the mysteries of the cosmos, including dark matter and dark energy.


						
"This is an amazingly lucky 'galactic line-up' -- a chance alignment of multiple galaxies across a line-of-sight spanning most of the observable universe," said David Schlegel, a co-author of the study and a senior scientist in Berkeley Lab's Physics Division. "Finding one such alignment is a needle in the haystack. Finding all of these is like eight needles precisely lined up inside that haystack."

The Carousel Lens is an alignment consisting of one foreground galaxy cluster (the 'lens') and seven background galaxies spanning immense cosmic distances and seen through the gravitationally distorted space-time around the lens. In the dramatic image below:
    	The lensing cluster, located 5 billion light years away from Earth, is shown by its four brightest and most massive galaxies (indicated by La, Lb, Lc, and Ld), and these constitute the foreground of the image.
    	Seven unique galaxies (numbered 1 through 7), appear through the lens. These are located far beyond, at distances from 7.6 to 12 billion light years away from Earth, approaching the limit of the observable universe.
    	Each galaxy's repeated appearances (indicated by each number's letter index, e.g., a through d) show differences in shape that are curved and stretched into multiple "fun house mirror" iterations caused by the warped space-time around the lens.
    	Of particular interest is the discovery of an Einstein Cross -- the largest known to date -- shown in galaxy number 4's multiple appearances (indicated by 4a, 4b, 4c, and 4d). This rare configuration of multiple images around the center of the lens is an indication of the symmetrical distribution of the lens' mass (dominated by invisible dark matter) and plays a key role in the lens-modeling process.

Light traveling from far-distant space can be magnified and curved as it passes through the gravitationally distorted space-time of nearer galaxies or clusters of galaxies. In rare instances, a configuration of objects aligns nearly perfectly to form a strong gravitational lens. Using an abundance of new data from the Dark Energy Spectroscopic Instrument (DESI) Legacy Imaging Surveys, recent observations from NASA's Hubble Space Telescope, and the Perlmutter supercomputer at the National Energy Research Scientific Computing Center (NERSC), the research team built on their earlier studies (in May 2020 and Feb 2021) to identify likely strong lens candidates, laying the groundwork for the current discovery.

"Our team has been searching for strong lenses and modeling the most valuable systems," explains Xiaosheng Huang, a study co-author and member of Berkeley Lab's Supernova Cosmology Project, and a professor of physics and astronomy at the University of San Francisco. "The Carousel Lens is an incredible alignment of seven galaxies in five groupings that line up nearly perfectly behind the foreground cluster lens. As they appear through the lens, the multiple images of each of the background galaxies form approximately concentric circular patterns around the foreground lens, as in a carousel. It's an unprecedented discovery, and the computational model generated shows a highly promising prospect for measuring the properties of the cosmos, including those of dark matter and dark energy."

The study also involved several Berkeley Lab student researchers, including the lead author, William Sheu, an undergraduate student intern with DESI at the beginning of this study, now a PhD student at UCLA and a DESI collaborator.

The Carousel Lens will enable researchers to study dark energy and dark matter in entirely new ways based on the strength of the observational data and its computational model.

"This is an extremely unusual alignment, which by itself will provide a testbed for cosmological studies," observes Nathalie Palanque-Delabrouille, director of Berkeley Lab's Physics Division. "It also shows how the imaging done for DESI can be leveraged for other scientific applications," such as investigating the mysteries of dark matter and the accelerating expansion of the universe, which is driven by dark energy.
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Artificial intelligence grunt work can be outsourced using a new blockchain-based framework | ScienceDaily
Tomorrow's workplace will be run on mind-boggling amounts of data. To make sense of it all, businesses, developers and individuals will need better artificial intelligence (AI) systems, better trained AI workers and more efficient number-crunching servers.


						
While big tech companies have the resources and expertise to meet these demands, they remain beyond the reach of most small and medium-sized enterprises and individuals. To respond to this need, a Concordia-led international team of researchers has developed a new framework to make complex AI tasks more accessible and transparent to users.

The framework, described in an article published in the journal Information Sciences, specializes in providing solutions to deep reinforcement learning (DRL) requests. DRL is a subset of machine learning that combines deep learning, which uses layered neural networks to find patterns in huge data sets, and reinforcement learning, in which an agent learns how to make decisions by interacting with its environment based on a reward/penalty system.

DRL is used in industries as diverse as gaming, robotics, health care and finance.

The framework pairs developers, companies and individuals that have specific but out-of-reach AI needs with service providers who have the resources, expertise and models they require. The service is crowdsourced, built on a blockchain and uses a smart contract -- a contract with a pre-defined set of conditions built into the code -- to match the users with the appropriate service provider.

"Crowdsourcing the process of training and designing DRL makes the process more transparent and more accessible," says Ahmed Alagha, a PhD candidate at the Gina Cody School of Engineering and Computer Science and the paper's lead author.

"With this framework, anyone can sign up and build a history and profile. Based on their expertise, training and ratings, they can be allocated tasks that users are requesting."

Democratizing DRL




According to his co-author and thesis supervisor Jamal Bentahar, a professor at the Concordia Institute for Information Systems Engineering, this service opens the potential offered by DRL to a much wider population than was previously available.

"To train a DRL model, you need computational resources that are not available to everyone. You also need expertise. This framework offers both," he says.

The researchers believe that their system's design will reduce costs and risk by distributing computation efforts via the blockchain. The potentially catastrophic consequences of a server crash or malicious attack are mitigated by having dozens or hundreds of other machines working on the same problem.

"If a centralized server fails, the whole platform goes down," Alagha explains. "Blockchain gives you distribution and transparency. Everything is logged on it, so it is very difficult to tamper with."

The difficult and costly process of training a model to work properly can be shortened by having an existing model available that only requires some relatively minor adjustments to fit a user's particular needs.

"For instance, suppose a large city develops a model that can automate traffic light sequences to optimize traffic flow and minimize accidents. Smaller cities or towns may not have the resources to develop one on their own, but they can use the one the big city developed and adapt it for their own circumstances."

Hadi Otrok, Shakti Singh and Rabeb Mizouni of Khalifa University in Abu Dhabi contributed this study.
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Why petting your cat leads to static electricity | ScienceDaily
Anyone who has ever pet a cat or shuffled their feet across the carpet knows that rubbing objects together generates static electricity. But an explanation for this phenomenon has eluded researchers for more than two millennia.


						
Now, Northwestern University scientists have finally uncovered the mechanics at play.

When an object slides, the front and back parts of that object experience different forces, researchers found. This difference in forces causes different electrical charges to build up on the front and back parts of the object. And the difference in electrical charges creates a current, leading to a light zap.

The study was published yesterday (Sept. 17) in the journal Nano Letters.

"For the first time, we are able to explain a mystery that nobody could before: why rubbing matters," said Northwestern's Laurence Marks, who led the study. "People have tried, but they could not explain experimental results without making assumptions that were not justified or justifiable. We now can, and the answer is surprisingly simple. Just having different deformations -- and therefore different charges -- at the front and back of something sliding leads to current."

An expert in surface structures, Marks is a professor emeritus of materials science and engineering at Northwestern's McCormick School of Engineering. Karl Olson, a Ph.D. student in Marks' research group, is the paper's first author.

Greek philosopher Thales of Miletus first reported friction-induced static electricity in 600 B.C. After rubbing amber with fur, he noticed the fur attracted dust.




"Since then, it has become clear that rubbing induces static charging in all insulators -- not just fur," Marks said. "However, this is more or less where the scientific consensus ended."

Marks and his team started to unravel the mystery in 2019. In a study published in Physical Review Letters, they reported that rubbing two materials together bends tiny protrusions on the surfaces of those materials. Those bent, deformed protrusions give rise to voltages, the researchers found.

"In 2019, we had the seed of what was going on. However, like all seeds, it needed time to grow," Marks said. "Now, it has blossomed. We developed a new model that calculates electrical current. The values for the current for a range of different cases were in good agreement with experimental results."

A concept called "elastic shear" lies at the heart of the new model. Elastic shear can occur when a material resists a sliding force. If a person pushes a plate across a table, the plate will resist sliding. As soon as the person stops pushing it, the plate stops moving. This added friction -- caused by the resistance to sliding -- causes electrical charges to move.

"Sliding and shear are intimately connected," Marks said.

Although static electricity can cause funny mishaps, like hair standing on end after going down a playground slide, it also can lead to serious problems. For example, sparks from static electricity cause industrial fires and even explosions. It also can hinder consistent dosing for powdered pharmaceuticals. With a better understanding of the mechanisms at play, researchers potentially could introduce new solutions to these issues.

"Static electricity affects life in both simple and profound ways," Marks said. "Charging grains with static electricity has a major influence on how coffee beans are ground and taste. The Earth would probably not be a planet without a key step in the clumping of particles that form planets, which occurs because of the static electricity generated by colliding grains. It's amazing how much of our lives are touched by static electricity and how much of the universe depends on it."

The study, "What puts the 'tribo' in triboelectricity," was supported by Northwestern Engineering.
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Like humans, artificial minds can 'learn by thinking' | ScienceDaily
Some of the greatest discoveries don't come merely from observations but from thinking. Einstein developed theories about relativity through thought experiments, and Galileo derived insights about gravity through mental simulations. A review published September 18 in the journal Trends in Cognitive Sciences shows that this process of thinking is not exclusive to humans. Artificial intelligence, too, is capable of self-correction and arriving at new conclusions through "learning by thinking."


						
"There are some recent demonstrations of what looks like learning by thinking in AI, particularly in large language models," says author Tania Lombrozo, a professor of psychology and co-director of the Natural and Artificial Minds initiative at Princeton University. "Sometimes ChatGPT will correct itself without being explicitly told. That's similar to what happens when people are engaged in learning by thinking."

Lombrozo identified four examples of learning by thinking in humans and AI: learners can acquire new information without external input through explanation, simulation, analogy, and reasoning. In humans, explaining how a microwave works to a child might reveal the gaps in our understanding. Rearranging furniture in the living room often involves creating a mental image to simulate different layouts before making any physical changes. Downloading pirated software may initially seem morally acceptable until one draws an analogy to the theft of physical goods. If you know that a friend's birthday is on a leap day and tomorrow is a leap day, you can reason that your friend's birthday is tomorrow.

AI shows similar learning processes. When asked to elaborate on a complex topic, AI may correct or refine its initial response based on the explanation it provides. The gaming industry uses simulation engines to approximate real-world outcomes, and models can use the outputs of simulations as inputs to learning. Asking a language model to draw analogies can lead it to answer questions more accurately than it would with simple questions. Prompting AI to engage in step-by-step reasoning can lead it to answers it would fail to reach with a direct query.

"This poses the question of why both natural and artificial minds have these characteristics. What function does learning by thinking serve? Why is it valuable?" says Lombrozo. "I argue that learning by thinking is a kind of 'on-demand learning.'"

When you learn something new, you don't know how the information may serve you in the future. Lombrozo says people can squirrel away the knowledge for later -- until the context makes it relevant and worthwhile to expend the cognitive effort to think and learn.

Lombrozo acknowledges the challenges in defining the boundaries between reasoning, learning, and other high-level cognitive functions, which is an area of debate within the field of cognitive sciences. The review also raises more questions, some of which Lombrozo plans to explore further, such as whether AI systems are actually "thinking" or simply mimicking the outputs of such processes.

"AI has gotten to the point where it's so sophisticated in some ways, but limited in others, that we have this opportunity to study the similarities and differences between human and artificial intelligence," says Lombrozo. "We can learn important things about human cognition through AI and improve AI by comparing it to natural minds. It's a pivotal moment where we're in this new position to ask these interesting, comparative questions."
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Gargantuan black hole jets are biggest seen yet | ScienceDaily
Astronomers have spotted the biggest pair of black hole jets ever seen, spanning 23 million light-years in total length. That's equivalent to lining up 140 Milky Way galaxies back to back.


						
"This pair is not just the size of a solar system, or a Milky Way; we are talking about 140 Milky Way diameters in total," says Martijn Oei, a Caltech postdoctoral scholar and lead author of a new Nature paper reporting the findings. "The Milky Way would be a little dot in these two giant eruptions."

The jet megastructure, nicknamed Porphyrion after a giant in Greek mythology, dates to a time when our universe was 6.3 billion years old, or less than half its present age of 13.8 billion years. These fierce outflows -- with a total power output equivalent to trillions of suns -- shoot out from above and below a supermassive black hole at the heart of a remote galaxy.

Prior to Porphyrion's discovery, the largest confirmed jet system was Alcyoneus, also named after a giant in Greek mythology. Alcyoneus, which was discovered in 2022 by the same team that found Porphyrion, spans the equivalent of around 100 Milky Ways. For comparison, the well-known Centaurus A jets, the closest major jet system to Earth, spans 10 Milky Ways.

The latest finding suggests that these giant jet systems may have had a larger influence on the formation of galaxies in the young universe than previously believed. Porphyrion existed during an early epoch when the wispy filaments that connect and feed galaxies, known as the cosmic web, were closer together than they are now. That means enormous jets like Porphyrion reached across a greater portion of the cosmic web compared to jets in the local universe.

"Astronomers believe that galaxies and their central black holes co-evolve, and one key aspect of this is that jets can spread huge amounts of energy that affect the growth of their host galaxies and other galaxies near them," says co-author George Djorgovski, professor of astronomy and data science at Caltech. "This discovery shows that their effects can extend much farther out than we thought."

Unveiling a Vast Population 

The Porphyrion jet system is the biggest found so far during a sky survey that has revealed a shocking number of the faint megastructures: more than 10,000. This massive population of gargantuan jets was found using Europe's LOFAR (LOw Frequency ARray) radio telescope.




While hundreds of large jet systems were known before the LOFAR observations, they were thought to be rare and on average smaller in size than the thousands of systems uncovered by the radio telescope.

"Giant jets were known before we started the campaign, but we had no idea that there would turn out to be so many," says Martin Hardcastle, second author of the study and a professor of astrophysics at the University of Hertfordshire in England. "Usually when we get a new observational capability, such as LOFAR's combination of wide field of view and very high sensitivity to extended structures, we find something new, but it was still very exciting to see so many of these objects emerging."

Back in 2018, Oei and his colleagues began using LOFAR to study not black hole jets but the cosmic web of wispy filaments that crisscrosses the space between galaxies. As the team inspected the radio images for the faint filaments, they began to notice several strikingly long jet systems.

"When we first found the giant jets, we were quite surprised," says Oei, who is also affiliated with Leiden Observatory in the Netherlands. "We had no idea that there were this many."

To systematically search for more hidden jets, the team inspected the radio images by eye, used machine-learning tools to scan the images for signs of the looming jets, and enlisted the help of citizen scientists around the globe to eyeball the images further. A paper describing their most recent batch of giant outflows, containing more than 8,000 jet pairs, has been accepted for publication in the journal Astronomy & Astrophysics.

Lurking in the Past

To find the galaxy from which Porphyrion originated, the team used the Giant Metrewave Radio Telescope(GMRT) in India along with ancillary data from a project called Dark Energy Spectroscopic Instrument(DESI), which operates from Kitt Peak National Observatory in Arizona. The observations pinpointed the home of the jets to a hefty galaxy about 10 times more massive than our Milky Way.




The team then used the W. M. Keck Observatory in Hawai'i to show that Porphyrion is 7.5 billion light-years from Earth. "Up until now, these giant jet systems appeared to be a phenomenon of the recent universe," Oei says. "If distant jets like these can reach the scale of the cosmic web, then every place in the universe may have been affected by black hole activity at some point in cosmic time," Oei says.

The observations from Keck also revealed that Porphyrion emerged from what is called a radiative-mode active black hole, as opposed to one that is in a jet-mode state. When supermassive black holes become active -- in other words, when their immense forces of gravity tug on and heat up surrounding material -- they are thought to either emit energy in the form of radiation or jets. Radiative-mode black holes were more common in the young, or distant, universe, while jet-mode ones are more common in the present-day universe.

The fact that Porphyrion came from a radiative-mode black hole came as a surprise because astronomers did not know this mode could produce such huge and powerful jets. What is more, because Porphyrion lies in the distant universe where radiative-mode black holes abound, the finding implies there may be a lot more colossal jets left to be found.

"We may be looking at the tip of the iceberg," Oei says. "Our LOFAR survey only covered 15 percent of the sky. And most of these giant jets are likely difficult to spot, so we believe there are many more of these behemoths out there."

Ongoing Mysteries

How the jets can extend so far beyond their host galaxies without destabilizing is still unclear. "Martijn's work has shown us that there isn't anything particularly special about the environments of these giant sources that causes them to reach those large sizes," says Hardcastle, who is an expert in the physics of black hole jets. "My interpretation is that we need an unusually long-lived and stable accretion event around the central, supermassive black hole to allow it to be active for so long -- about a billion years -- and to ensure that the jets keep pointing in the same direction over all of that time. What we're learning from the large number of giants is that this must be a relatively common occurrence."

As a next step, Oei wants to better understand how these megastructures influence their surroundings. The jets spread cosmic rays, heat, heavy atoms, and magnetic fields throughout the space between galaxies. Oei is specifically interested in finding out the extent to which giant jets spread magnetism. "The magnetism on our planet allows life to thrive, so we want to understand how it came to be," he says. "We know magnetism pervades the cosmic web, then makes its way into galaxies and stars, and eventually to planets, but the question is: Where does it start? Have these giant jets spread magnetism through the cosmos?"
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Researchers use machine learning to improve cardiovascular risk assessment | ScienceDaily
Risk calculators are used to evaluate disease risk for millions of patients, making their accuracy crucial. But when national models are adapted for local populations, they often deteriorate, losing accuracy and interpretability. Investigators from Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system, used advanced machine learning to increase the accuracy of a national cardiovascular risk calculator while preserving its interpretability and original risk associations. Their results showed higher accuracy overall in an electronic health records cohort from Mass General Brigham and reclassified roughly one in ten patients into a different risk category to facilitate more precise treatment decisions. The results are published in JAMA Cardiology.


						
"Risk calculators are incredibly important as they are an integral part of the conversation between providers and patients on risk prevention," said first author Aniket Zinzuwadia, MD, a resident physician in Internal Medicine at Brigham and Women's Hospital. "But sometimes, when applying these global calculators to local populations, there is variability inherent to the nature of an area -- whether that is different demographic characteristics, different physician practice patterns, or different risk factors -- so we wanted to find a way to tailor the foundational cardiovascular disease risk model to local populations in a safe way that builds upon what is already being done."

The American Heart Association released the Predicting Risk of Cardiovascular Disease Events (PREVENT) calculator in 2023 for adults ages 30-79. This new and improved tool helps predict the likelihood of a person developing a heart attack, stroke, or heart failure in 10 years and in 30 years. While the PREVENT equations have done well at assessing risk at a national level, the researchers wanted to test if their technique could better calibrate the risk assessment for more local populations.

In the study, researchers used electronic health record data from 95,326 Mass General Brigham patients who were 55 or older in 2007 and who had at least one lipid or blood pressure measurement between 1997-2006 and at least one encounter with the hospital system between 2007-2016. The team used XGBoost, an open-source machine learning library, to recalibrate PREVENT's equations while still preserving the associations of known risk factors with the outcomes observed in the original model. The results demonstrated greater accuracy and the reclassification of one out of ten patients in this population.

"This could theoretically represent a group of patients that might not have been prescribed statin therapies in the original application of the model, for example, but who might have benefited from them," said Zinzuwadia.

While more steps are needed before this technique could be applied to patient care, the team would like to see how it performs in the local populations of other healthcare systems and, eventually, for clinicians and researchers to use the tool to tailor global risk models.

"A major challenge of applying AI to medical research is ensuring that machine learning models are not just flexible, but also transparent, reliable, and grounded in domain knowledge," said co-senior author Olga Demler, PhD, an associate biostatistician at Brigham and Women's Hospital's Division of Preventive Medicine. "Our approach shows that it is possible to avoid the 'black box' nature of AI applications and may offer a path forward where sophisticated algorithms can retain their flexibility while producing guarantees of their performance."

Authorship: Additional authors include Olga Mineeva, Chunying Li, Zareen Farukhi, Franco Giulianini, Brian Cade, Lin Chen, Elizabeth Karlson, Nina Paynter, and Samia Mora.

Disclosures: Samia Mora has served as a consultant to Pfizer for work outside the current study. Olga Demler and Nina Paynter have received funding from Kowa Research Institute for work unrelated to the current study. Aniket Zinzuwadia has served as an employee of Heartbeat Health for work outside the current study.

Funding: Researchers were supported by the National Heart, Lung, and Blood Institute (K24 HL136852, R21 HL156174, R21HL167173, K01HL135342, and R21125962), the American Heart Association (17IGMV33860009), the Swiss Federal Institute of Technology (ETH, Zurich, Switzerland), Dataspectrum4CVD from the Swiss Data Science Center/Personalized Health & Related Technologies, Zurich, Switzerland, and the National Human Genome Research Institute (U01HG008685).
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NASA's Webb provides another look into galactic collisions | ScienceDaily
Smile for the camera! An interaction between an elliptical galaxy and a spiral galaxy, collectively known as Arp 107, seems to have given the spiral a happier outlook thanks to the two bright "eyes" and the wide semicircular "smile." The region has been observed before in infrared by NASA's Spitzer Space Telescope in 2005, however NASA's James Webb Space Telescope displays it in much higher resolution. This image is a composite, combining observations from Webb's MIRI (Mid-Infrared Instrument) and NIRCam (Near-Infrared Camera).


						
NIRCam highlights the stars within both galaxies and reveals the connection between them: a transparent, white bridge of stars and gas pulled from both galaxies during their passage. MIRI data, represented in orange-red, shows star-forming regions and dust that is composed of soot-like organic molecules known as polycyclic aromatic hydrocarbons. MIRI also provides a snapshot of the bright nucleus of the large spiral, home to a supermassive black hole.

The spiral galaxy is classified as a Seyfert galaxy, one of the two largest groups of active galaxies, along with galaxies that host quasars. Seyfert galaxies aren't as luminous and distant as quasars, making them a more convenient way to study similar phenomena in lower energy light, like infrared.

This galaxy pair is similar to the Cartwheel Galaxy, one of the first interacting galaxies that Webb observed. Arp 107 may have turned out very similar in appearance to the Cartwheel, but since the smaller elliptical galaxy likely had an off-center collision instead of a direct hit, the spiral galaxy got away with only its spiral arms being disturbed.

The collision isn't as bad as it sounds. Although there was star formation occurring before, collisions between galaxies can compress gas, improving the conditions needed for more stars to form. On the other hand, as Webb reveals, collisions also disperse a lot of gas, potentially depriving new stars of the material they need to form.

Webb has captured these galaxies in the process of merging, which will take hundreds of millions of years. As the two galaxies rebuild after the chaos of their collision, Arp 107 may lose its smile, but it will inevitably turn into something just as interesting for future astronomers to study.

Arp 107 is located 465 million light-years from Earth in the constellation Leo Minor.
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Measuring how much wood a wood shuck shucks with all-new wood shuck food | ScienceDaily
Researchers want to transform the natural and abundant resource wood into useful materials, and central to that is a molecular machine found in fungi that decomposes the complex raw material into its basic components. A Kobe University researcher and his team now were the first to come up with a test feed for the fungal molecular machine that allows them to observe its close-to-natural action, opening the door to improving it and to putting it to industrial application.


						
Biochemical engineers want to transform the abundant and renewable material wood into bioplastics, medically relevant chemicals, food additives or fuel. However, the complex structure of wood has been a major hurdle for this. The Kobe University bioengineer KOH Sangho explains, "Wood is composed of different, chemically linked materials such as lignin and hemicellulose that first need to be separated to become available as source materials." In other words, the wood needs shucking. Fungi have enzymes, tiny chemical machines, capable of doing that, but to improve and adapt them for industrial use, we need to understand how they work, and researchers did not have a suitable feed, or "substrate," for the enzyme to study its function. "As a graduate student at Shinshu University, I failed to produce the typical enzymatic reaction dynamics graph we know from the textbooks using the commonly used test substrate. I even reached out to the researcher who first found the enzyme to ask what I was doing wrong, but he replied that I wasn't doing anything wrong and that my results were typical of attempts to characterize this enzyme," Koh recounts.

Motivated by this, the fledgling bioengineer and his team created a new material that retains the key structural features of the enzyme's natural substrate while still being simple enough to allow chemical modification and computational simulation. "The key to our ability to create a suitable substrate was that we had previously found another enzyme that allowed us to create very specific hemicellulose fragments that could not be produced in any other way. Only with these fragments we could chemically synthesize a suitable test substrate," says Koh about why nobody else has been able to characterize the enzyme.

The bioengineers now published their results in the journal Biochemical and Biophysical Research Communications. Being the first team able to observe the isolated enzyme's action in a near-natural setting, they were the first to ascertain its reaction speed and affinity, essential parameters for bioengineers working on any enzyme. Koh says: "When, as a result of using the substrate I designed, the textbook-like reaction dynamics emerged, I was really happy. With this we can finally characterize the enzyme's 'true' nature, and improve and apply it industrially, too."

Their computational simulations showed what made the difference between previous attempts and their approach: So far, researchers had focused only on the specific location within the substrate where it should be cleaved and thus the test substrate they used basically only consisted of the connecting structure. However, Koh's newly synthesized substrate retains a short hemicellulose tail attached to the reaction site, and it turned out that it is this tail that the enzyme binds to when performing its role.

Now that the researchers are in possession of clear performance parameters and the reaction mechanism of the enzyme, they want to search for better alternatives in different fungi, and try to chemically modify the molecule to see how that affects its performance. In addition, the researchers think that their test substrate will also play a role in studying how this enzyme works together with others to separate the different components of wood. Koh concludes, "We think this was a significant step towards the process's industrial application to the generation of useful chemicals from the abundant natural resource."

This research was funded by the Japan Society for the Promotion of Science (grants 23K13870 and 17K07874) and the Sugiyama Sangyou Kagaku Research Foundation. It was conducted at Shinshu University in a collaboration of researchers from the National Institute of Advanced Industrial Science and Technology, Kobe University and Shinshu University.
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One in five UK doctors use AI chatbots, study finds | ScienceDaily
A survey led by researchers at Uppsala University in Sweden reveals that a significant proportion of UK general practitioners (GPs) are integrating generative AI tools, such as ChatGPT, into their clinical workflows. The results highlight the rapidly growing role of artificial intelligence in healthcare -- a development that has the potential to revolutionise patient care but also raises significant ethical and safety concerns.


						
"While there is much talk about the hype of AI, our study suggests that the use of AI in healthcare is not just on the horizon -- it's happening now. Doctors are deriving value from these tools. The medical community must act swiftly to address the ethical and practical challenges for patients that generative AI brings," says lead researcher Dr Charlotte Blease, Associate Professor at Uppsala University.

The study reveals that 20 per cent of GPs reported using generative AI tools in their practice, with ChatGPT being the most frequently used AI tool. Conducted with collaborators at Harvard Medical School, Boston, USA and the University of Basel, Switzerland, this is the most comprehensive examination of generative AI in clinical practice since the launch of ChatGPT in November 2022.

The study was conducted in February 2024 as part of a monthly omnibus survey and was designed to include GPs from across different regions of the UK. Researchers surveyed 1,006 GPs registered with Doctors.net.uk, the largest professional network for UK doctors.

The aim of the study was to measure the adoption of AI-powered chatbots by GPs across the UK and to understand how these tools are being used in clinical settings. With the advent of large language models (LLMs), there has been substantial interest in their potential to support medical professionals in tasks ranging from documentation to differential diagnosis.

Apart from revealing that 20 per cent of GPs used AI tools in their practice, the study also shows that among users, 29 per cent utilised these tools for generating documentation after patient appointments, while 28 per cent employed them to assist with differential diagnosis.

These findings suggest that AI chatbots are becoming valuable assets in medical practice, particularly in reducing administrative burdens and supporting clinical decision-making. However, the use of these tools is not without risks. The potential for AI to introduce errors ("hallucinations"), exacerbate biases, and compromise patient privacy is significant. As these tools continue to evolve, there is an urgent need for the healthcare industry to establish robust guidelines and training programmes to ensure their safe and effective use.

"This study underscores the growing reliance on AI tools by UK GPs, despite the lack of formal training and guidance and the potential risks involved. As the healthcare sector and regulatory authorities continue to grapple with these challenges, the need to train doctors to be 21st century physicians is more pressing than ever," Blease concludes.
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Constriction junction, do you function? | ScienceDaily
Scientists from the U.S. Department of Energy's (DOE) Brookhaven National Laboratory have shown that a type of qubit whose architecture is more amenable to mass production can perform comparably to qubits currently dominating the field. With a series of mathematical analyses, the scientists have provided a roadmap for simpler qubit fabrication that enables robust and reliable manufacturing of these quantum computer building blocks.


						
This research was conducted as part of the Co-design Center for Quantum Advantage (C2QA), a DOE National Quantum Information Science Research Center led by Brookhaven Lab, and it builds upon years of scientific collaboration focused on improving qubit performance for scalable quantum computers. Recently, scientists have been working to increase the amount of time qubits retain quantum information, a property known as coherence that is closely linked to the quality of a qubit's junction.

They have been particularly focused on superconducting qubits whose architecture includes two superconducting layers separated by an insulator. This part of the qubit is known as an SIS junction, for superconductor-insulator-superconductor. But reliable manufacturing of such sandwich-like junctions is not easy, especially at the precision needed for the large-scale production of quantum computers.

"Making SIS junctions is truly an art," said Charles Black, co-author of the paper that recently published in the Physical Review A and director of the Center for Functional Nanomaterials (CFN), a DOE Office of Science user facility at Brookhaven Lab.

Black and Mingzhao Liu, senior scientist at CFN and lead author on the paper, have been part of C2QA since its inception in 2020. And while they've been helping quantum scientists understand the materials science of qubits to improve their coherence, they've also grown curious about the scalability of this qubit-building art and its compatibility with the inevitable need for manufacturing large-scale quantum computers.

So, the scientists turned their attention to qubit architectures with superconducting junctions comprised of two layers connected by a thin superconducting wire, instead of a middle insulating layer. Known as a constriction junction, this architecture lays flat rather than stacking like a sandwich. And importantly, the process for fabricating constriction junctions is compatible with standard methods in semiconductor manufacturing facilities.

"In our work, we investigated the impact of this architectural change," said Black. "Our goal was to understand the performance tradeoffs of making the switch to constriction junctions."

Overcoming the increased current flow and linearity




The most prevalent superconducting qubit architecture works best when the junction connecting the two superconductors transmits only a little bit of current. Though the insulator in the SIS sandwich prevents nearly all current transmission, it is thin enough to allow a small amount via a mechanism known as quantum tunneling.

"The SIS architecture is ideal for today's superconducting qubits, even though it's tricky to manufacture," said Black. "But it's a little counterintuitive to replace the SIS with a constriction, which intrinsically conducts a lot of current."

Through their analysis, the researchers showed that it is possible to reduce the current traveling across a constriction junction to an appropriate level for a superconducting qubit. However, the method requires less traditional superconducting metals.

"The constriction wire would have to be impractically thin if we used aluminum, tantalum, or niobium," explained Liu. "Other superconductors that do not conduct as well would let us fabricate the constriction junction at practical dimensions."

However, constriction junctions behave differently from their SIS counterparts. So, the scientists also investigated the consequences of making this architectural change.

To work, superconducting qubits require some nonlinearity, which limits the qubit to operate between only two energy levels. Superconductors don't naturally exhibit nonlinear behavior -- it's the qubit junction that introduces this key property.




Superconducting constriction junctions are inherently more linear than tried-and-true SIS junctions, meaning they are less ideal for qubit architectures. However, the scientists found that the constriction junction nonlinearity can be tuned through the selection of a superconducting material and the appropriate design of the junction's size and shape.

"We're excited about this work because it points materials scientists towards specific targets based on the device requirements," explained Liu. For example, the scientists identified that for qubits operating between 5 and 10 gigahertz, which is typical for today's electronics, there need to be specific tradeoffs between the material's ability to carry electricity, determined by its resistance, and the junction's nonlinearity.

"Certain combinations of material properties just aren't workable for qubits operating at 5 gigahertz," said Black. But with materials that meet the criteria outlined by the Brookhaven scientists, qubits with constriction junctions can operate similarly to qubits with SIS junctions.

Liu and Black are currently working with their C2QA colleagues to explore materials that can meet the specifications outlined in their new paper. Superconducting transition metal silicides, in particular, have captured their attention because these materials are already used in semiconductor manufacturing.

"In this work, we showed that it is possible to mitigate the concerning characteristics of constriction junctions," said Liu. "So, now we can begin exploiting the benefit of the simpler qubit fabrication process."

This work embodies C2QA's foundational co-design principle, as Liu and Black explored a qubit architecture that could satisfy the demands of quantum computing and align with current electronics manufacturing capabilities.

"These types of interdisciplinary collaborations will continue bringing us closer to realizing scalable quantum computers," said Black. "It's almost hard to believe that humans have attained the quantum computers we have today. We're so excited to play a role in helping C2QA achieve its goals."
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Creating full-taste, reduced alcohol wine and spirits: New trial opens realm of possibilities | ScienceDaily
A world-first study has successfully used Porous Liquids to achieve liquid-liquid separation for the first time, creating exciting potential for advancing both environmental sustainability and public health.


						
The research conducted by scientists at the University of Birmingham and Queen's University Belfast discovered that Porous Liquids (PLs), meaning liquids with permanent cavities, can separate harmful or unwanted alcohols from existing aqueous mixtures.

The concept was trialled to address the major challenge within the aeronautical industry involving the commonly used, yet environmentally harmful, de-icer monoethylene glycol (MEG). MEG-watermixtures are used for de-icing, but this creates a harmful run-off posing significant risks, especially to aquatic species. Researchers were able to use Type 3 Porous Liquids to effectively absorb MEG while leaving the water behind, in some cases consuming 88% of the PL pore volume.

The discovery prompted further investigation into alternative ways this new method of liquid-liquid extraction could be used in other industries such as drinks manufacturing. The research team went on to use a non-toxic, pH-resistant PL to successfully reduce the alcohol content in wine and gin, potentiallywithout detracting from the drinks' flavour profiles.

Assistant Professor Deborah Crawford from the University of Birmingham says this discovery holds a lot of potential. She said, "Porous Liquids were invented by Professor Stuart James at Queens University Belfast more than 10 years ago, but this is the first time they have been used for a liquid-liquid extraction. As part of this research we visited airports where there are huge tanks of this MEG-water waste mixture just sitting around. No one knows what to do with it because it's too harmful to simply drain into the environment, so it's just stored. Our testing showed that these Porous Liquids can now make it possible to extract the MEG from the water.

"A similar process allowed us to reduce the level of alcohol in gin and wine creating low alcohol options whilst potentially retaining all the flavour; something which most low/no alcohol brands currently struggle with. This innovation could be a game changer for the drinks manufacturing industry as it aligns with the growing consumer demand for low-alcohol beverages that look, smell and taste like favourite drinks but minimises the less desirable after-effects. We're incredibly excited to take this concept to the next level and ultimately see it implemented."
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Nanotechnology: DNA origami with cargo function | ScienceDaily
LMU chemists present two studies that open up new possibilities for biotechnological applications.


						
In the world of nanotechnology, the development of dynamic systems that respond to molecular signals is becoming increasingly important. The DNA origami technique, whereby DNA is programmed so as to produce functional nanostructures, plays a key role in these endeavors. Teams led by LMU chemist Philip Tinnefeld have now published two studies showing how DNA origami and fluorescent probes can be used to release molecular cargo in a targeted manner.

In the journal Angewandte Chemie, the researchers report on their development of a novel DNA-origami-based sensor that can detect lipid vesicles and deliver molecular cargo to them with precision. The sensor works using single-molecule Fluorescence Resonance Energy Transfer (smFRET), which involves measuring the distance between two fluorescent molecules. The system consists of a DNA origami structure, out of which a single-stranded DNA protrudes, which has been labeled with fluorescent dye at its tip. If the DNA comes into contact with vesicles, its conformation changes. This alters the fluorescent signal, because the distance between the fluorescent label and a second fluorescent molecule on the origami structure changes. This method allows vesicles to be detected.

Sensor is transferred precisely

In a second step, the system can be used as a means of transporting molecules, with the sensing strand serving as molecular cargo that can be transferred to the vesicle. Through a further modification of the system, the researchers were also able to precisely control the transfer of the cargo.

Lipid vesicles play a key role in many cellular processes, such as molecular transport and signal transmission. As such, the ability to detect and manipulate them is particularly interesting for biotechnological applications like the development of targeted therapies. The approach laid out here could show a way to load lipid nanoparticles with a precisely defined number of molecules in applications such as vaccines. "Our system also offers promising approaches for biological research when it comes to better understanding and controlling cellular processes at the molecular level," says Tinnefeld.

Controllable conformational changes

In the second study, which was recently published in the journal Nature Communications, a second team led by Tinnefeld and Yonggang Ke (Emory University, Atlanta, Georgia) presents a DNA origami structure which undergoes a stepwise allosteric conformational change when certain DNA strands bind. Using FRET probes, the researchers were able to track this process at the molecular level and show how the reaction steps can be temporally controlled. In addition, they demonstrate how a DNA cargo can be released in a targeted manner during this process, opening up new opportunities for controlled reaction cascades.
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Mapping out matter's building blocks in 3D | ScienceDaily
Deep inside what we perceive as solid matter, the landscape is anything but stationary. The interior of the building blocks of the atom's nucleus -- particles called hadrons that a high school student would recognize as protons and neutrons -- are made up of a seething mixture of interacting quarks and gluons, known collectively as partons.


						
A group of physicists has now come together to map out these partons and disentangle how they interact to form hadrons. Based at the U.S. Department of Energy's Thomas Jefferson National Accelerator Facility and known as the HadStruc Collaboration, these nuclear physicists have been working on a mathematical description of the interactions of partons. Their latest findings were recently published in the Journal of High Energy Physics.

"The HadStruc Collaboration is a group based out of the Jefferson Lab Theory Center and some of the nearby universities," said HadStruc member Joseph Karpie, a postdoctoral researcher in Jefferson Lab's Center for Theoretical and Computational Physics. "We have some people at William & Mary and Old Dominion University."

Other collaboration members who are co-authors on the paper are Jefferson Lab scientists Robert Edwards, Colin Egerer, Eloy Romero and David Richards. The William & Mary Department of Physics is represented by Herve Dutrieux, Christopher Monahan and Kostas Orginos, who also has a joint position at Jefferson Lab. Anatoly Radyushkin is also a Jefferson Lab joint faculty member affiliated with Old Dominion University, while Savvas Zafeiropoulos is at Universite de Toulon in France.

A Strong Theory

The components of hadrons, called partons, are bound together by the strong interaction, one of the four fundamental forces of nature, along with gravity, electromagnetism and the weak force, which is observed in particle decay.

Karpie explained that the members of the HadStruc Collaboration, like many theoretical physicists worldwide, are trying to determine where and how the quarks and gluons are distributed within the proton. The group uses a mathematical approach known as lattice quantum chromodynamics (QCD) to calculate how the proton is constructed.




Dutrieux, a post-doctoral researcher at William & Mary, explained that the group's paper outlines a three-dimensional approach to understanding the hadronic structure through the QCD lens. This approach was then carried out via supercomputer calculations.

The 3D concept is based on the notion of generalized parton distributions (GPDs). GPDs offer theoretical advantages over the structures as visualized through one-dimensional parton distribution functions (PDFs), an older QCD approach.

"Well, the GPD is much better in the sense that it allows you to elucidate one of the big questions we have about the proton, which is how its spin arises," Dutrieux said. "The one-dimensional PDF gives you a very, very limited picture about that."

He explained that the proton consists in a first approximation of two up quarks and one down quark -- known as valence quarks. The valence quarks are mediated by a variable roster of gluons spawned from strong force interactions, which act to glue the quarks together. These gluons, as well as pairs of quarks-antiquarks -- usually denoted as the sea of quarks-antiquarks when distinguishing them from the valence quarks -- are continually being created and dissolving back into the strong force.

One of the stunning realizations on the proton's spin came in 1987, when experimental measurements demonstrated that the spin of quarks contributes to less than half of the overall spin of the proton. In fact, a lot of the proton's spin could arise from the gluon spin and the motion of partons in the form of orbital angular momentum. A lot of experimental and computational effort is still necessary to clarify this situation.

"GPDs represent a promising opportunity to access this orbital angular part and produce a firmly grounded explanation of how the proton's spin is distributed among quarks and gluons," Dutrieux noted.




He went on to say that another aspect that the collaboration hopes to address through GPDs is a concept known as the energy momentum tensor.

"The energy momentum tensor really tells you how energy and momentum are distributed inside your proton," Dutrieux said. "They tell you how your proton interacts with gravity as well. But right now, we're just studying its distribution of matter."

Simulating the Data

As mentioned, accessing this information requires some sophisticated calculations on supercomputers. After developing their new approach, the theorists then conducted 65,000 simulations of the theory and its assumptions to test it out.

This tremendous number of calculations was performed on Frontera at the Texas Advanced Computer Center and the Frontier supercomputer at Oak Ridge Leadership Computing Facility, a DOE Office of Science user facility at Oak Ridge National Laboratory. This number included 186 simulations of protons moving with different momenta carried out in the background of 350 randomly generated collections of gluons. This calculation required the processors at these facilities to collectively run for millions of hours. Final analysis of these results is completed on the smaller supercomputers at Jefferson Lab.

The upshot of this work was a robust test of the 3D approach developed by the theorists. This test is an important milestone result for DOE's Quark-Gluon Tomography (QGT) Topical Collaboration.

"This was our proof of principle. We wanted to know if the results from these simulations would look reasonable based on what we already know about these particles," said Karpie. "Our next step is to improve the approximations we used in these calculations. That's computationally 100 times more expensive in terms of computing time," Karpie said.

New Data on the Horizon

Karpie pointed out that the HadStruc Collaboration's GPD theory is already being examined in experiments at high-energy facilities worldwide. Two processes for examining hadron structure through GPDs, deeply virtual Compton scattering (DVCS) and deeply virtual meson production (DVMP), are being conducted at Jefferson Lab and other facilities.

Karpie and Dutrieux expect the group's work to be on the slate of experiments at the Electron-Ion Collider (EIC), a particle accelerator being built at DOE's Brookhaven National Laboratory on Long Island. Jefferson Lab has partnered with Brookhaven National Laboratory on the project.

It's expected that the EIC will be powerful enough to probe hadrons beyond the point at which today's instruments start to lose signal, but the exploration of the structure of how hadrons are assembled won't be waiting for the EIC to come online.

"We have some new experiments at Jefferson Lab. They're collecting data now and giving us information for comparing to our calculations," Karpie said. "And then we hope to be able to build up and get even better information at the EIC. It is all part of this progress chain."

The HadStruc Collaboration members are looking toward additional experimental applications of their QCD theory work at Jefferson Lab and other facilities. An example of this is using supercomputers to calculate more precise results of data that have been in hand for decades.

Karpie added that he hopes to get a couple of steps ahead of the experimenters.

"QCD has always lagged behind experiments. We were usually post-dicting instead of pre-dicting what things are happening," Karpie said. "So, now if we can actually get ahead -- if we can do something that the experimenters can't do yet -- that would be pretty cool."

A portion of this work was supported by Jefferson Lab's Lab Directed Research & Development program. The LDRD program devotes a small portion of the lab's research effort to supporting initiatives that are at the forefront of science and technology relevant to the DOE mission.
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An OLED for compact, lightweight night vision | ScienceDaily
A new type of OLED (organic light emitting diode) could replace bulky night vision goggles with lightweight glasses, making them cheaper and more practical for prolonged use, according to University of Michigan researchers. 


						
A memory effect in the OLEDs could also lead to computer vision systems that both sense and interpret incoming light signals and images.

Current night vision systems rely on image intensifiers that convert incoming near-infrared light into electrons, which then accelerate through a vacuum into a thin disc containing hundreds of tiny channels. As they pass through and collide with the channel walls, the electrons release thousands of additional electrons and go on to strike a phosphor screen, which converts them into visible light. The incoming light is amplified by 10,000 times in this process, allowing the wearer to see at night.

The newly developed OLED device also converts near infrared light into visible light and amplifies it more than 100 times, but without the weight, high voltage and cumbersome vacuum layer required for traditional image intensifiers. The researchers say much higher amplification is possible by optimizing the design of the device.

"One of the most attractive features of this new approach is that it amplifies light within a thin film stack that is less than a micron thick. That's much thinner than a strand of hair, which is about 50 microns thick," said Chris Giebink, U-M professor of electrical and computer engineering and physics and corresponding author of the study recently published in Nature Photonics.

Because the device operates at much lower voltage than a traditional image intensifier, it opens the door to significantly reducing power consumption and thereby extending battery life.

The device works by integrating a photon-absorbing layer, which converts infrared light into electrons, and a five-layer stack of OLEDs, where those electrons are converted into visible light photons. Ideally, five photons are produced for each electron that passes through the OLED stack.




Some of these photons are emitted out to the user's eye, but others are reabsorbed back in the photon-absorbing layer, producing still more electrons that move through the OLED in a positive feedback cycle. This chain reaction greatly amplifies the amount of output light that results for a given amount of input light.

Previous OLEDs were able to convert near infrared light to visible light, but there was no gain, meaning one input photon yielded one output photon.

"This marks the first demonstration of high photon gain in a thin film device," said Raju Lampande, U-M postdoctoral research fellow in electrical and computer engineering and lead author of the study.

The device also exhibits a sort of memory behavior that could have applications in computer vision. Known as hysteresis, its light output at a given moment depends on the intensity and duration of past input illumination.

"Normally when you illuminate an upconversion OLED, it starts outputting light and when you turn off the illumination, it stops outputting light. This device can get stuck on and remember things over time, which is unusual," Giebink said.

Although the memory behavior introduces some challenges for night vision applications, it may create an opportunity for image processing that works more like the human visual system -- where biological neurons pass signals on, or not, based on the timing and strength of incoming signals. The ability to remember past inputs could make these OLEDs a good candidate for the type of neuron-like connections that enable an input image to be interpreted and classified without having to process the data in a separate computing unit.

The researchers fabricated the device using "off the shelf" materials and methods that are already widely used in OLED manufacturing, which should improve both cost effectiveness and scalability for future applications of the technology.

The work was carried out in collaboration with OLEDWorks, a company that manufactures OLED lighting products, and RTX, an aerospace and defense contractor. The technology is patent-pending by OLEDWorks and Penn State University, where the study originated before Giebink moved to U-M. This research was funded by DARPA (Award No. HR0011-22-C-0053).
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A smoother way to study 'twistronics' | ScienceDaily
A discovery six years ago took the condensed-matter physics world by storm: Ultra-thin carbon stacked in two slightly askew layers became a superconductor, and changing the twist angle between layers could toggle their electrical properties. The landmark 2018 paper describing "magic-angle graphene superlattices" launched a new field called "twistronics," and the first author was then-MIT graduate student and recent Harvard Junior Fellow Yuan Cao.


						
Together with Harvard physicists Amir Yacoby, Eric Mazur, and others, Cao and colleagues have built on that foundational work, smoothing a path for more twistronics science by inventing an easier way to twist and study many types of materials.

A new paper in Nature describes the team's fingernail-sized machine that can twist thin materials at will, replacing the need to fabricate twisted devices one by one. Thin, 2D materials with properties that can be studied and manipulated easily have immense implications for higher-performance transistors, optical devices such as solar cells, and quantum computers, among other things.

"This development makes twisting as easy as controlling the electron density of 2D materials," said Yacoby, Harvard professor of physics and applied physics. "Controlling density has been the primary knob for discovering new phases of matter in low-dimensional matter, and now, we can control both density and twist angle, opening endless possibilities for discovery."

Cao first made twisted bilayer graphene as a graduate student in the lab of MIT's Pablo Jarillo-Herrero. Exciting as it was, the achievement was tempered by challenges with replicating the actual twisting.

At the time, each twisted device was hard to produce, and as a result, unique and time-consuming, Cao explained. To do science with these devices, they needed tens or even hundreds of them. They wondered if they could make "one device to twist them all," Cao said -- a micromachine that could twist two layers of material at will, eliminating the need for hundreds of unique samples. They call their new device a MEMS (micro-electromechanical system)-based generic actuation platform for 2D materials, or MEGA2D for short.

The Yacoby and Mazur labs collaborated on the design of this new tool kit, which is generalizable to graphene and other materials.




"By having this new 'knob' via our MEGA2D technology, we envision that many underlying puzzles in twisted graphene and other materials could be resolved in a breeze," said Cao, now an assistant professor at University of California Berkeley. "It will certainly also bring other new discoveries along the way."

In the paper, the researchers demonstrated the utility of their device with two pieces of hexagonal boron nitride, a close relative of graphene. They were able to study the bilayer device's optical properties, finding evidence of quasiparticles with coveted topological properties.

The ease of their new system opens several scientific roadways, for example, employing hexagonal boron nitride twistronics to produce light sources that can be used for low-loss optical communication.

"We hope that our approach will be adopted by many other researchers in this prosperous field, and all can benefit from these new capabilities," Cao said.

The paper's first author is nanoscience and optics expert Haoning Tang, a postdoctoral researcher in Mazur's lab and a Harvard Quantum Initiative fellow, who noted that developing the MEGA2D technology was a long process of trial and error.

"We didn't know much about how to control the interfaces of 2D materials in real time, and the existing methods just weren't cutting it," she said. "After spending countless hours in the cleanroom and refining the MEMS design -- despite many failed attempts -- we finally found the working solution after about a year of experiments." All nanofabrication took place at Harvard's Center for Nanoscale Systems, where staff provided invaluable technical support, Tang added.

"The nanofabrication of a device combining MEMS technology with a bilayer structure is a veritable tour de force," said Mazur, the Balkanski Professor of Physics and Applied Physics. "Being able to tune the nonlinear response of the resulting device opens the door to a whole new class of devices in optics and photonics."
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Graphite oxidation experiments reveal new type of oscillating chemical reaction | ScienceDaily
A reaction that puzzled scientists for 50 years has now been explained by researchers at Umea University. Rapid structural snapshots captured how graphite transforms into graphite oxide during electrochemical oxidation, revealing intermediate structures that appear and disappear over time. The researchers describe this as a new type of oscillating reaction.


						
Oscillating chemical reactions are fascinating to watch and important for developing an understanding of how complex systems work, both in chemistry and in nature. Classical visual examples of such reactions show how the colors of a solution change back and forth, cycling through different states and producing a final product after each cycle.

Umea researchers recently published a study in the scientific journal Angewandte Chemie, reporting a rather different and new type of oscillating reaction during electrochemical oxidation of graphite.

"It has been known for 50 years that some voltage oscillations spontaneously occur when a charge is applied to a graphite electrode immersed in sulphuric acid solution. The end product of this reaction is graphite oxide, a material consisting of layers of graphene oxide. However, what happens to the structure of the material during the reaction at every oscillation cycle had remained a complete mystery," says Alexandr Talyzin, Professor in the Department of Physics at Umea University.

Thanks to new synchrotron methods, researchers can record X-ray diffraction scans in a matter of a few seconds, providing snapshots of the material's structure changes during oxidation. Surprisingly, the experiments revealed an intermediate phase with a specific structure that appears at one part of the cycle, disappears in the next stage and then reappears, repeating the cycle.

"Soon we realised that we had observed a new -- to the best of our knowledge -- type of oscillating reaction. What began as a detailed study of a particular chemical reaction suddenly appeared to be a lot more interesting from the point of view of fundamental chemistry. Bartosz Gurzeda, the first author of the study, also recorded a beautiful video showing periodic changes in the appearance of a sample every few minutes," says Alexandr Talyzin.

Oscillation reactions are happening inside all living beings but were once considered impossible in inorganic chemistry. This discovery expands our knowledge of chemical kinetics and reaction mechanisms and could lead to the development of new theories and models in chemistry.

The first theory explaining oscillating reactions earned Ilya Prigogine the Nobel Prize in 1977 and became a fundamental part of non-equilibrium thermodynamics, showing how order can emerge from chaos.

"We hope that new theories will be developed to explain this new type of oscillating reaction, which may lead to the discovery of new similar examples," says Alexandr Talyzin.
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New technology produces ultrashort ion pulses | ScienceDaily
If you want to photograph something very fast, you need a camera with a very short exposure time. The same principle applies everywhere in physics: for example, extremely short laser pulses are used to visualise the processes that take place within atoms.


						
However, it is not only laser pulses that provide answers to unsolved questions in physics, but also ion pulses: a new method has now been used to generate extremely short, powerful pulses of charged particles, which can then be shot at a surface in a precisely controlled manner in the future. This will make it possible to analyse very fast processes that take place on this surface. For example, chemical processes can then be analysed while they are still in progress.

Usually, you can only see what remains

"Ion beams have been used for a long time -- to analyse materials, but also to clean or modify material surfaces," says Prof. Richard Wilhelm from the Institute of Applied Physics at TU Wien. "Normally, however, you only ever get to see the end product: You shoot ions at a surface and then look at how the material has been changed as a result. The great difficulty so far has been to generate such short ion pulses that they can be used to follow the temporal course of the impact."

The ion pulses generated in the laboratory at TU Wien last less than 500 picoseconds. A picosecond is one millionth of a millionth of a second -- a time span that is almost unimaginably short by human standards. Even light travels just 15 centimetres in 500 picoseconds. This is still millions of times longer than the shortest laser pulses in the world, which run on a time scale of attoseconds. However, this time scale enters the optimum range for analysing surfaces.

Lasers generate electrons, electrons generate ions

In order to generate such extremely short ion pulses with high intensity, a multi-stage process had to be developed: First, a laser pulse is shot at a cathode, which then emits electrons. These electrons are accelerated and hit a stainless steel target. "Certain atoms always accumulate on the stainless steel surface, for example hydrogen and oxygen," says Richard Wilhelm. "When the electrons hit this layer of attached atoms, some of them are kicked out and fly away."

Some of these atoms that fly away are electrically neutral, others are ionised. Electric fields can be used to precisely select which of them should be used further -- they are then directed with pinpoint accuracy as a short ion pulse onto the surface that you actually want to analyse.




"Because this process is started by a laser pulse, we can control very precisely when the ion pulse should be generated and when it should hit a surface," says Richard Wilhelm. "For example, we can then probe the surface with impinging ions at different times while a certain laser-activated chemical reaction is taking place. We obtain different signals that visualise the course of the reaction on a picosecond time scale."

Flexible new technology

Until now, the simplest ions of all -- namely protons -- have been used for this purpose. However, the same method could also be used to generate other ion pulses, for example from carbon or oxygen ions. "'It simply depends on which atoms we attach to the stainless steel layer that is hit by the electrons, which can be precisely controlled," says Richard Wilhelm. Pulses of electrically neutral atoms or even negatively charged ions can also be generated.

All of this was made possible by the START Prize, which was awarded to Richard Wilhelm by the Austrian Science Fund FWF in 2019. "This provided the financial basis to venture into innovative, complex research, which is quite risky," says Richard Wilhelm. "Well-funded START awards are an indispensable funding sources when it comes to bringing bold ideas to life." There are already plans to reduce the duration of the ion pulses even further. This would only require specially shaped alternating electromagnetic fields to slow down the first ions in the pulse a little and accelerate the following ions a little.

"We have developed a promising new and astonishingly efficient technique for investigating ultrashort processes whose temporal dynamics could not previously be investigated," says Richard Wilhelm. The method can be combined with existing ultrafast electron microscopy technology to provide insights into many different aspects of the physics and chemistry of surfaces.

If you want to photograph something very fast, you need a camera with a very short exposure time. The same principle applies everywhere in physics: for example, extremely short laser pulses are used to visualise the processes that take place within atoms.

However, it is not only laser pulses that provide answers to unsolved questions in physics, but also ion pulses: a new method has now been used to generate extremely short, powerful pulses of charged particles, which can then be shot at a surface in a precisely controlled manner in the future. This will make it possible to analyse very fast processes that take place on this surface. For example, chemical processes can then be analysed while they are still in progress.

Usually, you can only see what remains

"Ion beams have been used for a long time -- to analyse materials, but also to clean or modify material surfaces," says Prof. Richard Wilhelm from the Institute of Applied Physics at TU Wien. "Normally, however, you only ever get to see the end product: You shoot ions at a surface and then look at how the material has been changed as a result. The great difficulty so far has been to generate such short ion pulses that they can be used to follow the temporal course of the impact."

The ion pulses generated in the laboratory at TU Wien last less than 500 picoseconds. A picosecond is one millionth of a millionth of a second -- a time span that is almost unimaginably short by human standards. Even light travels just 15 centimetres in 500 picoseconds. This is still millions of times longer than the shortest laser pulses in the world, which run on a time scale of attoseconds. However, this time scale enters the optimum range for analysing surfaces.

Lasers generate electrons, electrons generate ions

In ord



However, it is not only laser pulses that provide answers to unsolved questions in physics, but also ion pulses: a new method has now been used to generate extremely short, powerful pulses of charged particles, which can then be shot at a surface in a precisely controlled manner in the future. This will make it possible to analyse very fast processes that take place on this surface. For example, chemical processes can then be analysed while they are still in progress.

Usually, you can only see what remains

"Ion beams have been used for a long time -- to analyse materials, but also to clean or modify material surfaces," says Prof. Richard Wilhelm from the Institute of Applied Physics at TU Wien. "Normally, however, you only ever get to see the end product: You shoot ions at a surface and then look at how the material has been changed as a result. The great difficulty so far has been to generate such short ion pulses that they can be used to follow the temporal course of the impact."

The ion pulses generated in the laboratory at TU Wien last less than 500 picoseconds. A picosecond is one millionth of a millionth of a second -- a time span that is almost unimaginably short by human standards. Even light travels just 15 centimetres in 500 picoseconds. This is still millions of times longer than the shortest laser pulses in the world, which run on a time scale of attoseconds. However, this time scale enters the optimum range for analysing surfaces.

Lasers generate electrons, electrons generate ions
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"We have developed a promising new and astonishingly efficient technique for investigating ultrashort processes whose temporal dynamics could not previously be investigated," says Richard Wilhelm. The method can be combined with existing ultrafast electron microscopy technology to provide insights into many different aspects of the physics and chemistry of surfaces.
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The ion pulses generated in the laboratory at TU Wien last less than 500 picoseconds. A picosecond is one millionth of a millionth of a second -- a time span that is almost unimaginably short by human standards. Even light travels just 15 centimetres in 500 picoseconds. This is still millions of times longer than the shortest laser pulses in the world, which run on a time scale of attoseconds. However, this time scale enters the optimum range for analysing surfaces.
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In order to generate such extremely short ion pulses with high intensity, a multi-stage process had to be developed: First, a laser pulse is shot at a cathode, which then emits electrons. These electrons are accelerated and hit a stainless steel target. "Certain atoms always accumulate on the stainless steel surface, for example hydrogen and oxygen," says Richard Wilhelm. "When the electrons hit this layer of attached atoms, some of them are kicked out and fly away."

Some of these atoms that fly away are electrically neutral, others are ionised. Electric fields can be used to precisely select which of them should be used further -- they are then directed with pinpoint accuracy as a short ion pulse onto the surface that you actually want to analyse.

"Because this process is started by a laser pulse, we can control very precisely when the ion pulse should be generated and when it should hit a surface," says Richard Wilhelm. "For example, we can then probe the surface with impinging ions at different times while a certain laser-activated chemical reaction is taking place. We obtain different signals that visualise the course of the reaction on a picosecond time scale."

Flexible new technology

Until now, the simplest ions of all -- namely protons -- have been used for this purpose. However, the same method could also be used to generate other ion pulses, for example from carbon or oxygen ions. "'It simply depends on which atoms we attach to the stainless steel layer that is hit by the electrons, which can be precisely controlled," says Richard Wilhelm. Pulses of electrically neutral atoms or even negatively charged ions can also be generated.

There are already plans to reduce the duration of the ion pulses even further. This would only require specially shaped alternating electromagnetic fields to slow down the first ions in the pulse a little and accelerate the following ions a little.

"We have developed a promising new and astonishingly efficient technique for investigating ultrashort processes whose temporal dynamics could not previously be investigated," says Richard Wilhelm. The method can be combined with existing ultrafast electron microscopy technology to provide insights into many different aspects of the physics and chemistry of surfaces.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240917130340.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Recent study reveals reduced maths performance of adults with Dyspraxia | ScienceDaily
Dyspraxia, also known as Developmental Coordination Disorder (DCD), can have a bigger impact on adult mathematical performance than previously thought, according to new research from the University of Surrey.


						
DCD is a prevalent neurodevelopmental movement condition affecting approximately 5% of the population. It is characterised by difficulties with fine and/or gross motor coordination. These challenges often persist into adulthood, impacting daily activities and academic performance. Despite its high prevalence, DCD remains poorly understood, particularly in adults.

Previous research has highlighted that children with DCD tend to have lower maths performance compared to their neurotypical peers. However, until now, no studies have examined the maths performance of adults with DCD, a crucial gap in understanding this condition's lifelong impact.

DCD affects movement coordination skills, and consequently, people with DCD may perform less well than expected for their age in many daily activities such as balance, sports and learning to drive. It is often identified in early childhood and is a lifelong condition.

The research team investigated the influence of cognitive (working memory) and emotional (maths anxiety) factors on the maths performance of adults with and without DCD. Adults with DCD demonstrated lower working memory and maths performance and reported higher levels of maths anxiety compared to adults without DCD.

As part of the investigation, participants completed as many simple mental arithmetic tasks as possible in one minute. This task was assumed to be fully automated in adults, with little use of working memory. However, individuals with DCD completed fewer tasks accurately, suggesting a possible slower processing speed during this straightforward numerical task.

Further analysis showed that the maths performance of adults with DCD was more strongly linked to working memory than the neurotypical population. This suggests that adults with DCD lacked automation with these tasks and had to rely on working memory for additional support, making them slower and less accurate in their answers.




Dr Anna-Stiina Wallinheimo, lead author of the study and Research Fellow in Cognitive Psychology, at the University of Surrey, said:

"Our research demonstrates a clear link between working memory resources and maths performance in adults with Dyspraxia.

"Interestingly, we found that adults with DCD may rely more heavily on working memory to perform even simple arithmetic tasks. By understanding the reliance on working memory and the unique impact of maths anxiety, educators can develop targeted interventions to improve maths performance and overall cognitive well-being in people with DCD. "

Given the lifelong nature of DCD and the crucial importance of strong numeracy skills for everyday activities (such as financial planning, cooking, and time management), the insights gained from this research will undeniably make an invaluable contribution to the existing literature.

Dr Judith Gentle, co-author of the study and Senior Lecturer in Psychology at the University of Surrey, said:

"This research not only advances our understanding of the cognitive challenges faced by adults with Dyspraxia but also underscores the need for tailored educational approaches.

"Our findings advocate for a more nuanced view of cognitive support, moving beyond traditional methods to address the specific needs of adults with DCD."
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New understanding of the limits on nano-noise | ScienceDaily
Thanks to nanoscale devices as small as human cells, researchers can create groundbreaking material properties, leading to smaller, faster, and more energy-efficient electronics. However, to fully unlock the potential of nanotechnology, addressing noise is crucial. A research team at Chalmers University of Technology, in Sweden, has taken a significant step toward unraveling fundamental constraints on noise, paving the way for future nanoelectronics.


						
Nanotechnology is rapidly advancing, capturing widespread interest across industries such as communications and energy production. At the nano level -- equivalent to a millionth of a millimeter -- particles adhere to quantum mechanical laws. By harnessing these properties, materials can be engineered to exhibit enhanced conductivity, magnetism, and energy efficiency.

"Today, we witness the tangible impact of nanotechnology -- nanoscale devices are ingredients to faster technologies and nanostructures make materials for power production more efficient," says Janine Splettstosser, Professor of Applied Quantum Physics at Chalmers.

Devices smaller than the human cell unlocking novel electronic and thermoelectric properties

To manipulate charge and energy currents down to the single-electron level, researchers use so-called nanoscale devices, systems smaller than human cells. These nanoelectronic systems can act as "tiny engines" performing specific tasks, leveraging quantum mechanical properties.

"At the nanoscale, devices can have entirely new and desirable properties. These devices, which are a hundred to ten thousand times smaller than a human cell, allow to design highly efficient energy conversion processes," says Ludovico Tesser, PhD student in Applied Quantum Physics at Chalmers University of Technology.

Navigating nano-noise: a crucial challenge

However, noise poses a significant hurdle in advancing this nanotechnology research. This disruptive noise is created by electrical charge fluctuations and thermal effects within devices, hindering precise and reliable performance. Despite extensive efforts, researchers have yet to find out to which extent this noise can be eliminated without hindering energy conversion, and our understanding of its mechanisms remains limited. But now a research team at Chalmers has succeeded in taking an important step in the right direction.




In their recent study, published as editor's suggestion in Physical Review Letters, they investigated thermoelectric heat engines at the nanoscale. These specialised devices are designed to control and convert waste heat into electrical power.

"All electronics emit heat and recently there has been a lot of effort to understand how, at the nano-level, this heat can be converted to useful energy. Tiny thermoelectric heat engines take advantage of quantum mechanical properties and nonthermal effects and, like tiny power plants, can convert the heat into electrical power rather than letting it go to waste," says Professor Splettstosser.

Balancing noise and power in nanoscale heat engines

However, nanoscale thermoelectric heat engines work better when subject to significant temperature differences. These temperature variations make the already challenging noise researchers are facing even trickier to study and understand. But now, the Chalmers researchers have managed to shed light on a critical trade-off between noise and power in thermoelectric heat engines.

"We can prove that there is a fundamental constraint to the noise directly affecting the performance of the 'engine'. For example, we can not only see that if you want the device to produce a lot of power, you need to tolerate higher noise levels, but also the exact amount of noise. It clarifies a trade-off relation, that is how much noise one must endure to extract a specific amount of power from these nanoscale engines. We hope that these findings can serve as a guideline in the area going forward to design nanoscale thermoelectric devices with high precision," says Ludovico Tesser.
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New results from the CMS experiment put W boson mass mystery to rest | ScienceDaily
After an unexpected measurement by the Collider Detector at Fermilab (CDF) experiment in 2022, physicists on the Compact Muon Solenoid experiment (CMS) at the Large Hadron Collider (LHC) announced today a new mass measurement of the W boson, one of nature's force-carrying particles. This new measurement, which is a first for the CMS experiment, uses a new technique that makes it the most elaborate investigation of the W boson's mass to date. Following nearly a decade of analysis, CMS has found that the W boson's mass is consistent with predictions, finally putting a multi-year long mystery to rest. View the paper posted.


						
The final analysis used 300 million events collected from the 2016 run of the LHC, and 4 billion simulated events. From this dataset, the team reconstructed and then measured the mass from more than 100 million W bosons. They found that the W boson's mass is 80 360.2 +- 9.9 megaelectron volts (MeV), which is consistent with the Standard Model's predictions of 80 357 +- 6 MeV. They also ran a separate analysis that cross-checks the theoretical assumptions.

"The new CMS result is unique because of its precision and the way we determined the uncertainties," said Patty McBride, a distinguished scientist at the U.S. Department of Energy's Fermi National Research Laboratory and the former CMS spokesperson. "We've learned a lot from CDF and the other experiments who have worked on the W boson mass question. We are standing on their shoulders, and this is one of the reasons why we are able to take this study a big step forward."

Since the W boson was discovered in 1983, physicists on 10 different experiments have measured its mass.

The W boson is one of the cornerstones of the Standard Model, the theoretical framework that describes nature at its most fundamental level. A precise understanding of the W boson's mass allows scientists to map the interplay of particles and forces, including the strength of the Higgs field and merger of electromagnetism with the weak force, which is responsible for radioactive decay.

"The entire universe is a delicate balancing act," said Anadi Canepa, deputy spokesperson of the CMS experiment and a senior scientist at Fermilab. "If the W mass is different from what we expect, there could be new particles or forces at play."

The new CMS measurement has a precision of 0.01%. This level of precision corresponds to measuring a 4-inch-long pencil to between 3.9996 and 4.0004 inches. But unlike pencils, the W boson is a fundamental particle with no physical volume and a mass that is less than a single atom of silver.




"This measurement is extremely difficult to make," Canepa added. "We need multiple measurements from multiple experiments to cross-check the value."

The CMS experiment is unique from the other experiments that have made this measurement because of its compact design, specialized sensors for fundamental particles called muons and an extremely strong solenoid magnet that bends the trajectories of charged particles as they move through the detector.

"We were able to do this effectively thanks to a combination of a larger data set, the experience we gained from an earlier W boson study, and the latest theoretical developments," Bendavid said. "This has allowed us to free ourselves from the Z boson as our reference point."

As part of this analysis, they also examined 100 million tracks from the decays of well-known particles to recalibrate a massive section of the CMS detector until it was an order of magnitude more precise.

"This new level of precision will allow us to tackle critical measurements, such as those involving the W, Z and Higgs bosons, with enhanced accuracy," Manca said.

The most challenging part of the analysis was its time intensiveness, since it required creating a novel analysis technique and developing an incredibly deep understanding of the CMS detector.

"I started this research as a summer student, and now I'm in my third year as a postdoc," Manca said. "It's a marathon, not a sprint."

The Compact Muon Solenoid (CMS) experiment is funded in part by the Department of Energy's Office of Science and the National Science Foundation. It is one of two large general-purpose experiments at the Large Hadron Collider (LHC) at CERN, the European Particle Physics Laboratory. 

Further information: Measurement of the W boson mass in proton-proton collisions at [?]s= 13 TeV
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Moving particle simulation-aided soil plasticity analysis for earth pressure balance shield tunnelling | ScienceDaily
Understanding the relationship between plasticity of muddy soil and earth pressure can be crucial to maintaining tunnel stability and predicting ground behavior during earth pressure balance (EPB) shield tunnelling, a common underground excavation method. Researchers from Shibaura Institute of Technology developed small-scale model experimentation combined with moving particle simulation-based computer-aided engineering analysis that reliably predicted soil's plasticity and its correlating factors without having to deal with the cost and time of on-ground field analysis.


						
Infrastructures often suffer severe damage due to geotechnical hazards of both natural kinds such as floods or earthquakes and human-made ones like underground construction work and excavations. The fields of civil engineering and disaster risk management have extensively studied methods to prevent these risks and are still looking for more effective ways of avoiding large-scale deformations associated with said hazards. The advent of computer-aided simulations has provided researchers with particle-based methods such as moving particle simulation (MPS) which is a valuable tool for independent deformation analysis even in larger regions. While the method has gained popularity over the last few years, they are yet to be applied for predicting ground behavior during design or construction work.

By bringing together small-scale model experimentation and a computer-aided engineering (CAE) analysis through MPS a team of researchers from Shibaura Institute of Technology led by Professor Shinya Inazumi from the College of Engineering investigated a few mysteries around earth pressure balance (EPB) shield tunnelling in their recent study published in Tunnelling and Underground Space Technology on 21 August 2024.

EPB is a widely used method for creating tunnels that utilize the excavated muddy soil to provide support for the tunnel face which is done by using foam, slurry, or other additives to plasticize the excavated material to ensure it is impermeable to water and easily transportable.

The team recognized that despite being a popular technique not much is known about how the plasticity of muddy soil adjusted by mixing excavated soil with plasticizing additives like bentonite solution affects the earth pressure inside a tunnelling chamber. Insights into these factors can not only significantly increase the chances of avoiding ground deformations but also ensure efficient sediment management during the tunnelling process.

"Urban centres are increasingly getting reliant on underground infrastructures therefore we wanted a prediction tool that can improve the resilience of urban infrastructure while lowering the costs associated with delays and structural damage due to unstable tunnel operations by ensuring efficient management of soil plasticity," Prof. Inazumi adds, explaining the motivation behind this study. He also highlighted that since the research lab associated with the study aligns itself with the UN's sustainable development goals, they also explored the environmental footprint arising from large volumes of excavated material and the use of chemical additives such as bentonite in search of ways to improve the sustainability of construction projects.

The experimental setup consisted of a sealable soil tank simulating a chamber and descending and ascending stages of an agitation blade model that was performed by installing a twin-pair earth pressure gauge in a shield tunnelling machine. This system along with the calculations by a computer-aided analysis system based on a moving particle simulation (MPS) was able to precisely simulate the tunnelling process which included measuring the variations in earth pressure in response to plasticity variation induced by the agitation of muddy soil.

The researchers found earth pressure a trustworthy reliable indicator for analyzing soil's plasticity and correlating factors such as vane shear strength and slump value which together impact the stability of the tunnel and the operation of machinery. Backed by MPS, the CAE analysis system proposed by the team precisely reflects the experimental data, confirming its suitability for assessing and visualizing the plasticity and fluidity of muddy soil during tunnelling.

Evaluating the value of earth pressure in actual field conditions by analyzing the plasticity state of the muddy soil in different soil conditions can be both time-consuming and an expensive affair. The small-scale model experiment when combined with the computation power demonstrated in this study can be a valuable asset for optimizing EPB shield tunnelling operations and improving sediment management strategies. Thus, opening new possibilities for innovating strategies that can significantly improve the safety and efficiency of underground civil construction works especially in the urban environments.

"The results of this study can directly influence the construction of subway systems, underground utilities, and roads in densely populated urban areas by enabling controlled operations that cause less disturbance to the surrounding ground. We also hope that our proposed strategy is applied to optimize the environmental impact of the tunnelling process and improve safety protocols in areas prone to earthquakes or other geotechnical hazards," concludes Prof. Inazumi.
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A wobble from Mars could be sign of dark matter | ScienceDaily
In a new study, MIT physicists propose that if most of the dark matter in the universe is made up of microscopic primordial black holes -- an idea first proposed in the 1970s -- then these gravitational dwarfs should zoom through our solar system at least once per decade. A flyby like this, the researchers predict, would introduce a wobble into Mars' orbit, to a degree that today's technology could actually detect.


						
Such a detection could lend support to the idea that primordial black holes are a primary source of dark matter throughout the universe.

"Given decades of precision telemetry, scientists know the distance between Earth and Mars to an accuracy of about 10 centimeters," says study author David Kaiser, professor of physics and the Germeshausen Professor of the History of Science at MIT. "We're taking advantage of this highly instrumented region of space to try and look for a small effect. If we see it, that would count as a real reason to keep pursuing this delightful idea that all of dark matter consists of black holes that were spawned in less than a second after the Big Bang and have been streaming around the universe for 14 billion years."

Kaiser and his colleagues report their findings today in the journal Physical Review D. The study's co-authors are lead author Tung Tran '24, who is now a graduate student at Stanford University; Sarah Geller '12, SM '17, PhD '23, who is now a postdoc at the University of California at Santa Cruz; and MIT Pappalardo Fellow Benjamin Lehmann.

Beyond particles

Less than 20 percent of all physical matter is made from visible stuff, from stars and planets, to the kitchen sink. The rest is composed of dark matter, a hypothetical form of matter that is invisible across the entire electromagnetic spectrum yet is thought to pervade the universe and exert a gravitational force large enough to affect the motion of stars and galaxies.

Physicists have erected detectors on Earth to try and spot dark matter and pin down its properties. For the most part, these experiments assume that dark matter exists as a form of exotic particle that might scatter and decay into observable particles as it passes through a given experiment. But so far, such particle-based searches have come up empty.




In recent years, another possibility, first introduced in the 1970s, has regained traction: Rather than taking on a particle form, dark matter could exist as microscopic, primordial black holes that formed in the first moments following the Big Bang. Unlike the astrophysical black holes that form from the collapse of old stars, primordial black holes would have formed from the collapse of dense pockets of gas in the very early universe and would have scattered across the cosmos as the universe expanded and cooled.

These primordial black holes would have collapsed an enormous amount of mass into a tiny space. The majority of these primordial black holes could be as small as a single atom and as heavy as the largest asteroids. It would be conceivable, then, that such tiny giants could exert a gravitational force that could explain at least a portion of dark matter. For the MIT team, this possibility raised an initially frivolous question.

"I think someone asked me what would happen if a primordial black hole passed through a human body," recalls Tung, who did a quick pencil-and-paper calculation to find that if such a black hole zinged within 1 meter of a person, the force of the black hole would push the person 6 meters, or about 20 feet away in a single second. Tung also found that the odds were astronomically unlikely that a primordial black hole would pass anywhere near a person on Earth.

Their interest piqued, the researchers took Tung's calculations a step further, to estimate how a black hole flyby might affect much larger bodies such as the Earth and the moon.

"We extrapolated to see what would happen if a black hole flew by Earth and caused the moon to wobble by a little bit," Tung says. "The numbers we got were not very clear. There are many other dynamics in the solar system that could act as some sort of friction to cause the wobble to dampen out."

Close encounters

To get a clearer picture, the team generated a relatively simple simulation of the solar system that incorporates the orbits and gravitational interactions between all the planets, and some of the largest moons.




"State-of-the-art simulations of the solar system include more than a million objects, each of which has a tiny residual effect," Lehmann notes. "But even modeling two dozen objects in a careful simulation, we could see there was a real effect that we could dig into."

The team worked out the rate at which a primordial black hole should pass through the solar system, based on the amount of dark matter that is estimated to reside in a given region of space and the mass of a passing black hole, which in this case, they assumed to be as massive as the largest asteroids in the solar system, consistent with other astrophysical constraints.

"Primordial black holes do not live in the solar system. Rather, they're streaming through the universe, doing their own thing," says co-author Sarah Geller. "And the probability is, they're going through the inner solar system at some angle once every 10 years or so."

Given this rate, the researchers simulated various asteroid-mass black holes flying through the solar system, from various angles, and at velocities of about 150 miles per second. (The directions and speeds come from other studies of the distribution of dark matter throughout our galaxy.) They zeroed in on those flybys that appeared to be "close encounters," or instances that caused some sort of effect in surrounding objects. They quickly found that any effect in the Earth or the moon was too uncertain to pin to a particular black hole. But Mars seemed to offer a clearer picture.

The researchers found that if a primordial black hole were to pass within a few hundred million miles of Mars, the encounter would set off a "wobble," or a slight deviation in Mars' orbit. Within a few years of such an encounter, Mars' orbit should shift by about a meter -- an incredibly small wobble, given the planet is more than 140 million miles from Earth. And yet, this wobble could be detected by the various high-precision instruments that are monitoring Mars today.

If such a wobble were detected in the next couple of decades, the researchers acknowledge there would still be much work needed to confirm that the push came from a passing black hole rather than a run-of-the-mill asteroid.

"We need as much clarity as we can of the expected backgrounds, such as the typical speeds and distributions of boring space rocks, versus these primordial black holes," Kaiser notes. "Luckily for us, astronomers have been tracking ordinary space rocks for decades as they have flown through our solar system, so we could calculate typical properties of their trajectories and begin to compare them with the very different types of paths and speeds that primordial black holes should follow."

To help with this, the researchers are exploring the possibility of a new collaboration with a group that has extensive expertise simulating many more objects in the solar system.

"We are now working to simulate a huge number of objects, from planets to moons and rocks, and how they're all moving over long time scales," Geller says. "We want to inject close encounter scenarios, and look at their effects with higher precision."

This work was supported in part by the U.S. Department of Energy and the U.S. National Science Foundation, which includes an NSF Mathematical and Physical Sciences postdoctoral fellowship.
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In step toward solar fuels, durable artificial photosynthesis setup chains two carbons together | ScienceDaily

The system produces ethylene with efficiency, yield and longevity well above other artificial photosynthesis systems. Ethylene is a hydrocarbon typically used in plastics, so one direct application of the system would be to harvest carbon dioxide that would otherwise be vented into the atmosphere for making plastics.

"The performance, or the activity and stability, is about five to six times better than what is typically reported for solar energy or light-driven carbon dioxide reduction to ethylene," said Zetian Mi, professor of electrical and computer engineering at the University of Michigan and corresponding author of the study in Nature Synthesis.

"Ethylene is actually the most produced organic compound in the world. But it is typically produced with oil and gas, under high temperatures and pressures, all of which emits CO2."

The long-term goal is to string longer chains of carbon and hydrogen atoms together to produce liquid fuels that can be easily transported. Part of the challenge is removing all of the oxygen from the CO2 as the carbon source and water, H2O, as the hydrogen source.

The device absorbs light through two kinds of semiconductors: a forest of gallium nitride nanowires, each just 50 nanometers (a few hundred atoms) wide, and the silicon base on which they were grown. The reaction transforming water and carbon dioxide into ethylene takes place on copper clusters, each with about 30 atoms, that dot the nanowires.

The nanowires are submerged in water enriched with carbon dioxide and exposed to light equivalent to the sun at noon. The energy from the light frees up electrons that split the water near the surface of the gallium nitride nanowires. This creates hydrogen to feed into the ethylene reaction but also oxygen that the gallium nitride absorbs to become gallium nitride oxide.




The copper is good at hanging onto the hydrogen and grabbing onto the carbon of the carbon dioxide, turning it into carbon monoxide. With the hydrogen in the mix and an injection of energy from the light, the team believes two carbon monoxide molecules bond together with the hydrogen. The reaction is believed to be completed at the interface between the copper and the gallium nitride oxide, where the two oxygen atoms are stripped off and replaced with three hydrogen atoms from splitting water.

The team found that 61% of the free electrons that the semiconductors generated with the light contributed to the reaction to produce ethylene. While a different catalyst based on silver and copper achieved a similar efficiency of roughly 50%, it needed to run in a carbon-based fluid, and it could function for only a few hours before it degraded. In contrast, the Michigan team's device ran for 116 hours without slowing down, and the team has run similar devices for 3,000 hours.

This is in part because of the synergistic relationship between the gallium nitride and the water splitting process: The addition of oxygen improves the catalyst and enables a self-healing process. The limits of the device's longevity will be explored in future work.

Finally, the device produced ethylene at a rate more than four times higher than the nearest competing systems.

"In the future, we want to produce some other multicarbon compounds such as propanol with three carbons or liquid products," said Bingxing Zhang, U-M assistant research scientist in electrical and computer engineering and first author of the paper.

Liquid fuels, which could enable many existing transportation technologies to become sustainable, are Mi's ultimate goal.
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Synthetic mini-motor with enormous power developed | ScienceDaily
Researchers at the Technical University of Munich (TUM) have developed an artificial motor at the supramolecular level that can develop impressive power. This wind-up motor is a tiny ribbon made of special molecules. When energy is applied, this ribbon aligns itself, moves like a small fin and can thus push objects. For the first time, the energy for this comes from a chemical fuel.


						
Until now, the conversion of chemical energy into rotational energy on a supramolecular level, i.e. for small objects consisting of more than one molecule, was only known from biology. Primitive bacteria, known as archaea, use the chemical fuel ATP to rotate their tiny fin-like locomotion organs, the flagella, and thus move around. Synthetic replicas of this process have not existed until now. In the future, the new development could be used in nanorobots that swim through blood vessels to detect tumor cells, for example.

Chemical fuel drives the rotation

The peptide ribbons developed by a team led by Brigitte and Christine Kriebisch and Job Boekhoven, Professor of Supramolecular Chemistry, are a few micrometers long and just a few nanometers wide. When chemical fuel is added, they gain structure and the ribbons curl up into small tubes, causing them to begin to rotate. This process can even be observed live under the microscope.

The researchers discovered that they can control the rotation speed of the ribbons by the amount of fuel added. In addition, the direction of rotation -- clockwise or anti-clockwise -- can be influenced by the structure of the molecular building blocks of the ribbons. The research results were published in the journal Chem.

Crawling on surfaces

Together with Prof. Matthias Rief, TUM Professor of Molecular Biophysics, who works on state-of-the-art optical measurement methods, the researchers found that the ribbons exert enough force on their surroundings to move micrometer-sized objects. Determining the force is one of the most important results for practical use.

If several rotating ribbons are brought together at a central point, for example, small "micro-walkers" are created that can crawl along surfaces. In the future, after further improvements, these micro-walkers could possibly be used for medical applications such as transporting drugs in the body. The fuel used is not yet suitable for this, as it would be harmful to the organism.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240917125321.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



More black holes than expected in the early universe | ScienceDaily
With the help of NASA's Hubble Space Telescope, an international team of researchers led by scientists in the Department of Astronomy at Stockholm University has found more black holes in the early universe than has previously been reported. The new result can help scientists understand how supermassive black holes were created.


						
Currently, scientists do not have a complete picture of how the first black holes formed not long after the big bang. It is known that supermassive black holes, that can weigh more than a billion suns, exist at the center of several galaxies less than a billion years after the big bang.

"Many of these objects seem to be more massive than we originally thought they could be at such early times -- either they formed very massive or they grew extremely quickly," said Alice Young, a PhD student from Stockholm University and co-author of the study published in The Astrophysical Journal Letters.

Black holes play an important role in the lifecycle of all galaxies, but there are major uncertainties in our understanding of how galaxies evolve. In order to gain a complete picture of the link between galaxy and black hole evolution, the researchers used Hubble to survey how many black holes exist among a population of faint galaxies when the universe was just a few percent of its current age.

Initial observations of the survey region were re-photographed by Hubble after several years. This allowed the team to measure variations in the brightness of galaxies. These variations are a telltale sign of black holes. The team identified more black holes than previously found by other methods.

The new observational results suggest that some black holes likely formed by the collapse of massive, pristine stars during the first billion years of cosmic time. These types of stars can only exist at very early times in the universe, because later-generation stars are polluted by the remnants of stars that have already lived and died. Other alternatives for black hole formation include collapsing gas clouds, mergers of stars in massive clusters, and "primordial" black holes that formed (by physically speculative mechanisms) in the first few seconds after the big bang. With this new information about black hole formation, more accurate models of galaxy formation can be constructed.

"The formation mechanism of early black holes is an important part of the puzzle of galaxy evolution," said Matthew Hayes from the Department of Astronomy at Stockholm University and lead author of the study. "Together with models for how black holes grow, galaxy evolution calculations can now be placed on a more physically motivated footing, with an accurate scheme for how black holes came into existence from collapsing massive stars."

Astronomers are also making observations with NASA's James Webb Space Telescope to search for galactic black holes that formed soon after the big bang, to understand how massive they were and where they were located.
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Reducing the cultural bias of AI with one sentence | ScienceDaily
Cultural values and traditions differ across the globe, but large language models (LLMs), used in text-generating programs such as ChatGPT, have a tendency to reflect values from English-speaking and Protestant European countries. A Cornell University-led research team believes there is an easy way to solve that problem.


						
The researchers tested five versions of ChatGPT and found that what they call "cultural prompting" -- asking the AI model to perform a task like someone from another part of the world -- resulted in reduced bias in responses for the vast majority of the over 100 countries they tested. The findings suggest there could be an easy way for anyone to control AI models to align with cultural values, they said, to reduce the cultural bias in these widely used systems.

"There are not many organizations in the world with the capacity to build large language models, because it's highly resource intensive, so it's all the more important for the ones that do have that power, and therefore responsibility, to carefully consider how their models might affect different parts of the world," said Rene Kizilcec, associate professor of information science.

"Around the world, people are using tools like ChatGPT directly and indirectly via other applications for learning, work, and communication," he said, "and just like technology companies make localized keyboards on laptops to adapt to different languages, LLMs need to adapt to different cultural norms and values."

Kizilcec is senior author of "Cultural Bias and Cultural Alignment of Large Language Models," which published Sept. 17 in PNAS Nexus. The lead author is Yan Tao, doctoral student in the field of information science and a member of Kizilcec's Future of Learning Lab.

For their research, Kizilcec and his team tested five versions of ChatGPT -- 3, 3.5 Turbo, 4, 4-Turbo and 4o, the latter released in May -- and compared the models' responses to nationally representative survey data from the Integrated Values Survey, an established measure of cultural values for 107 countries and territories.

For the most recent models tested (GPT-4, 4-turbo, 4o), the latter prompting improved cultural alignment for 71% to 81% of countries and territories.

"Unlike fine-tuning models or using prompts in different languages to elicit language-specific cultural values -- which typically require specialized resources -- cultural prompting merely involves specifying a cultural identity directly in the prompts," Tao said. "This approach is more user-friendly and does not demand extensive resources."

This research was funded in part by the Jacobs Foundation and Digital Futures.
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Black hole pairs may unveil new particles | ScienceDaily

Gravitational waves that are emitted by the merger of two black holes carry detailed information about the shape and evolution of the orbits of the components. A new study by physicists Giovanni Maria Tomaselli and Gianfranco Bertone from the University of Amsterdam (UvA), together with former UvA master student Thomas Spieksma, now at the Niels Bohr Institute in Copenhagen, suggests that a careful analysis of this information may reveal the existence of new particles in nature.

Superradiance

The mechanism that makes the detection of new particles possible is called black hole superradiance. When a black hole spins fast enough, it can shed some of its mass into a 'cloud' of particles around it. The black hole-cloud system is referred to as a 'gravitational atom', due to its similarity with the electron cloud around a proton. Since superradiance is only efficient if the particles are much lighter than the ones measured in experiments so far, this process provides the unique opportunity to probe the existence of new particles known as ultralight bosons, whose existence may resolve several puzzles in astrophysics, cosmology and particle physics.

The orbital evolution of binary black holes in the presence of ultralight boson clouds has been studied by UvA scientists in a series of influential papers over the past six years. One important new phenomenon that was discovered was that of resonant transitions, where the cloud 'jumps' from one state to another, similar to how an electron in an ordinary atom can jump between orbits. Another new phenomenon, again similar to the behaviour of ordinary atoms, is ionization, where part of the cloud is ejected. Both of these effects leave characteristic imprints on the emitted gravitational waves, but the details of such imprints depend on the -- so far unknown -- state of the particle cloud. In an effort to fill in these remaining details, the new study combines all the previous results, and follows the history of the system from the formation of the binary black hole to the black hole merger.

Two possibilities

The main conclusions substantially improve our understanding of the binary gravitational atoms. The researchers found that there were two possible outcomes of the evolution of such a system, both equally interesting. If the black holes and the cloud initially rotate in opposite directions, then the cloud survives in the state originally produced by superradiance, and it becomes detectable through its ionization, which leaves a clear signature on the gravitational waves. In all other cases, resonant transitions destroy the cloud altogether, and the binary's orbit acquires very specific values of eccentricity and inclination, which can be measured from the gravitational waves signal.

Thus, the new result provides a novel and solid search strategy for new particles, either via the detection of ionization effects in gravitational waveforms in one case, or in the other case via the observation of an anomalous excess of systems with the predicted values of eccentricity and inclination. For both cases, upcoming detailed gravitational wave observations will reveal very interesting information about the question whether new ultralight particles exist.
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Beneath the brushstrokes, van Gogh's sky is alive with real-world physics | ScienceDaily
Vincent van Gogh's painting "The Starry Night" depicts a swirling blue sky with yellow moon and stars. The sky is an explosion of colors and shapes, each star encapsulated in ripples of yellow, gleaming with light like reflections on water.


						
Van Gogh's brushstrokes create an illusion of sky movement so convincing it led atmospheric scientists to wonder how closely it aligns with the physics of real skies. While the atmospheric motion in the painting cannot be measured, the brushstrokes can.

In an article published this week in Physics of Fluids, by AIP Publishing, researchers specializing in marine sciences and fluid dynamics in China and France analyzed van Gogh's painting to uncover what they call the hidden turbulence in the painter's depiction of the sky.

"The scale of the paint strokes played a crucial role," author Yongxiang Huang said. "With a high-resolution digital picture, we were able to measure precisely the typical size of the brushstrokes and compare these to the scales expected from turbulence theories."

To reveal hidden turbulence, the authors used brushstrokes in the painting like leaves swirling in a funnel of wind to examine the shape, energy, and scaling of atmospheric characteristics of the otherwise invisible atmosphere. They used the relative brightness, or luminance, of the varying paint colors as a stand-in for the kinetic energy of physical movement.

"It reveals a deep and intuitive understanding of natural phenomena," Huang said. "Van Gogh's precise representation of turbulence might be from studying the movement of clouds and the atmosphere or an innate sense of how to capture the dynamism of the sky."

Their study examined the spatial scale of the painting's 14 main whirling shapes to find out if they align with the cascading energy theory that describes the kinetic energy transfer from large- to small-scale turbulent flows in the atmosphere.




They discovered the overall picture aligns with Kolmogorov's law, which predicts atmospheric movement and scale according to measured inertial energy. Drilling down to the microcosm within the paint strokes themselves, where relative brightness is diffused throughout the canvas, the researchers discovered an alignment with Batchelor's scaling, which describes energy laws in small-scale, passive scalar turbulence following atmospheric movement.

Finding both scalings in one atmospheric system is rare, and it was a big driver for their research.

"Turbulence is believed to be one of the intrinsic properties of high Reynolds flows dominated by inertia, but recently, turbulence-like phenomena have been reported for different types of flow systems at a wide range of spatial scales, with low Reynolds numbers where viscosity is more dominant," Huang said.

"It seems it is time to propose a new definition of turbulence to embrace more situations."
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Autonomous vehicles could understand their passengers better with ChatGPT | ScienceDaily
Imagine simply telling your vehicle, "I'm in a hurry," and it automatically takes you on the most efficient route to where you need to be.


						
Purdue University engineers have found that an autonomous vehicle (AV) can do this with the help of ChatGPT or other chatbots made possible by artificial intelligence algorithms called large language models.

The study, to be presented Sept. 25 at the 27th IEEE International Conference on Intelligent Transportation Systems, may be among the first experiments testing how well a real AV can use large language models to interpret commands from a passenger and drive accordingly.

Ziran Wang, an assistant professor in Purdue's Lyles School of Civil and Construction Engineering who led the study, believes that for vehicles to be fully autonomous one day, they'll need to understand everything that their passengers command, even when the command is implied. A taxi driver, for example, would know what you need when you say that you're in a hurry without you having to specify the route the driver should take to avoid traffic.

Although today's AVs come with features that allow you to communicate with them, they need you to be clearer than would be necessary if you were talking to a human. In contrast, large language models can interpret and give responses in a more humanlike way because they are trained to draw relationships from huge amounts of text data and keep learning over time.

"The conventional systems in our vehicles have a user interface design where you have to press buttons to convey what you want, or an audio recognition system that requires you to be very explicit when you speak so that your vehicle can understand you," Wang said. "But the power of large language models is that they can more naturally understand all kinds of things you say. I don't think any other existing system can do that."

Conducting a new kind of study

In this study, large language models didn't drive an AV. Instead, they were assisting the AV's driving using its existing features. Wang and his students found through integrating these models that an AV could not only understand its passenger better, but also personalize its driving to a passenger's satisfaction.




Before starting their experiments, the researchers trained ChatGPT with prompts that ranged from more direct commands (e.g., "Please drive faster") to more indirect commands (e.g., "I feel a bit motion sick right now"). As ChatGPT learned how to respond to these commands, the researchers gave its large language models parameters to follow, requiring it to take into consideration traffic rules, road conditions, the weather and other information detected by the vehicle's sensors, such as cameras and light detection and ranging.

The researchers then made these large language models accessible over the cloud to an experimental vehicle with level four autonomy as defined by SAE International. Level four is one level away from what the industry considers to be a fully autonomous vehicle.

When the vehicle's speech recognition system detected a command from a passenger during the experiments, the large language models in the cloud reasoned the command with the parameters the researchers defined. Those models then generated instructions for the vehicle's drive-by-wire system -- which is connected to the throttle, brakes, gears and steering -- regarding how to drive according to that command.

For some of the experiments, Wang's team also tested a memory module they had installed into the system that allowed the large language models to store data about the passenger's historical preferences and learn how to factor them into a response to a command.

The researchers conducted most of the experiments at a proving ground in Columbus, Indiana, which used to be an airport runway. This environment allowed them to safely test the vehicle's responses to a passenger's commands while driving at highway speeds on the runway and handling two-way intersections. They also tested how well the vehicle parked according to a passenger's commands in the lot of Purdue's Ross-Ade Stadium.

The study participants used both commands that the large language models had learned and ones that were new while riding in the vehicle. Based on their survey responses after their rides, the participants expressed a lower rate of discomfort with the decisions the AV made compared to data on how people tend to feel when riding in a level four AV with no assistance from large language models.




The team also compared the AV's performance to baseline values created from data on what people would consider on average to be a safe and comfortable ride, such as how much time the vehicle allows for a reaction to avoid a rear-end collision and how quickly the vehicle accelerates and decelerates. The researchers found that the AV in this study outperformed all baseline values while using the large language models to drive, even when responding to commands the models hadn't already learned.

Future directions

The large language models in this study averaged 1.6 seconds to process a passenger's command, which is considered acceptable in non-time-critical scenarios but should be improved upon for situations when an AV needs to respond faster, Wang said. This is a problem that affects large language models in general and is being tackled by the industry as well as by university researchers.

Although not the focus of this study, it's known that large language models like ChatGPT are prone to "hallucinate," which means that they can misinterpret something they learned and respond in the wrong way. Wang's study was conducted in a setup with a fail-safe mechanism that allowed participants to safely ride when the large language models misunderstood commands. The models improved in their understanding throughout a participant's ride, but hallucination remains an issue that must be addressed before vehicle manufacturers consider implementing large language models into AVs.

Vehicle manufacturers also would need to do much more testing with large language models on top of the studies that university researchers have conducted. Regulatory approval would additionally be required for integrating these models with the AV's controls so that they can actually drive the vehicle, Wang said.

In the meantime, Wang and his students are continuing to conduct experiments that may help the industry explore the addition of large language models to AVs.

Since their study testing ChatGPT, the researchers have evaluated other public and private chatbots based on large language models, such as Google's Gemini and Meta's series of Llama AI assistants. So far, they've seen ChatGPT perform the best on indicators for a safe and time-efficient ride in an AV. Published results are forthcoming.

Another next step is seeing if it would be possible for large language models of each AV to talk to each other, such as to help AVs determine which should go first at a four-way stop. Wang's lab also is starting a project to study the use of large vision models to help AVs drive in extreme winter weather common throughout the Midwest. These models are like large language models but trained on images instead of text. The project will be conducted with support from the Center for Connected and Automated Transportation (CCAT), which is funded by the U.S. Department of Transportation's Office of Research, Development and Technology through its University Transportation Centers program. Purdue is one of the CCAT's university partners.
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Using sunlight to turn two greenhouse gases into valuable chemicals | ScienceDaily
McGill University researchers have harnessed the power of sunlight to transform two of the most harmful greenhouse gases into valuable chemicals. The discovery could help combat climate change and provide a more sustainable way to produce certain industrial products.


						
"Imagine a world where the exhaust from your car or emissions from a factory could be transformed, with the help of sunlight, into clean fuel for vehicles, the building blocks for everyday plastics, and energy stored in batteries," said co-first author Hui Su, a Postdoctoral Fellow in McGill's Department of Chemistry. "That's precisely the kind of transformation this new chemical process enables."

The research team's new light-driven chemical process converts methane and carbon dioxide into green methanol and carbon monoxide in one reaction. Both products are highly valued in the chemical and energy sectors, the researchers said.

Turning to nature for a sustainable solution

The findings, published in Nature Communications, describe a novel mechanism rooted in nature's own blueprint, similar to how photosynthesis enables plants to convert carbon dioxide and water into glucose and oxygen using sunlight.

In this chemical process, a unique mix of gold, palladium and gallium nitride acts as a catalyst. When exposed to sunlight, the substance triggers a reaction: an oxygen atom from carbon dioxide attaches to a methane molecule, producing green methanol. Carbon monoxide is created as a byproduct.

"By tapping into the abundant energy of the sun, we can essentially recycle two greenhouse gases into useful products. The process works at room temperature and doesn't require the high heat or harsh chemicals used in other chemical reactions," said lead author Chao-Jun Li, a Distinguished James McGill Professor in McGill's Department of Chemistry and a Canada Research Chair in Green/Organic Chemistry.

"This innovation offers a promising path towards Canada's target of net-zero emissions by 2050 and turns an environmental challenge into an opportunity for a more sustainable future," said co-first author Jing-Tan Han, a PhD student in McGill's Department of Chemistry.

The study was supported by the Natural Sciences and Engineering Research Council of Canada, the Canada Research Chair program, Fonds de Recherche du Quebec Nature et technologies, the Canada Foundation for Innovations, McGill University's MSSI fund, Axelys and Catalum Technologies.
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Tougher concrete, inspired by bone | ScienceDaily
Inspired by the architecture of human bone's tough outer layer, engineers at Princeton have developed a cement-based material that is 5.6 times more damage-resistant than standard counterparts. The bio-inspired design allows the material to resist cracking and avoid sudden failure, unlike conventional, brittle cement-based counterparts.


						
In a Sept. 10, article in the journal Advanced Materials, the research team led by Reza Moini, an assistant professor of civil and environmental engineering, and Shashank Gupta, a third-year Ph.D. candidate, demonstrate that cement paste deployed with a tube-like architecture can significantly increase resistance to crack propagation and improve the ability to deform without sudden failure.

"One of the challenges in engineering brittle construction materials is that they fail in an abrupt, catastrophic fashion," Gupta said.

In brittle construction materials used in building and civil infrastructure, strength ensures ability to sustain loads, while toughness supports resistance to cracking and spread of damage in the structure. The proposed technique tackles those problems by creating a material that is tougher than conventional counterparts while maintaining strength.

Moini said the key to the improvement lies in the purposeful design of internal architecture, by balancing the stresses at the crack front with the overall mechanical response.

"We use theoretical principles of fracture mechanics and statistical mechanics to improve materials' fundamental properties 'by design'," he said.

The team was inspired by human cortical bone, the dense outer shell of human femurs that provides strength and resists fracture. Cortical bone consists of elliptical tubular components known as osteons, embedded weakly in an organic matrix. This unique architecture deflects cracks around osteons. This prevents abrupt failure and increases overall resistance to crack propagation, Gupta said.




The team's bio-inspired design incorporates cylindrical and elliptical tubes within the cement paste that interact with propagating cracks.

"One expects the material to become less resistant to cracking when hollow tubes are incorporated," Moini said. "We learned that by taking advantage of the tube geometry, size, shape, and orientation, we can promote crack-tube interaction to enhance one property without sacrificing another."

The team discovered that such enhanced crack-tube interaction initiates a stepwise toughening mechanism, where the crack is first trapped by the tube and then delayed from propagation, leading to additional energy dissipation at each interaction and step.

"What makes this stepwise mechanism unique is that each crack extension is controlled, preventing sudden, catastrophic failure," said Gupta. "Instead of breaking all at once, the material withstands progressive damage, making it much tougher."

Unlike traditional methods that strengthen cement-based materials by adding fibers or plastics, the Princeton team's approach relies on geometric design. By manipulating the structure of the material itself, they achieve significant improvements in toughness without the need for additional material.

In addition to improving fracture toughness, the researchers introduced a new method to quantify the degree of disorder, an important quantity for design. Based on statistical mechanics, the team introduced parameters to quantify the degree of disorder in architected materials. This allowed the researchers to create a numerical framework reflecting the degree of disorder of the architecture.




The researchers said the new framework provides a more accurate representation of the material's arrangements, moving towards a spectrum from ordered to random, beyond the simple binary classifications of periodic and non-periodic. Moini said that the study makes a distinction with approaches that confuse irregularity and perturbation with statistical disorder such as Voronoi tessellation and perturbation methods.

"This approach gives us a powerful tool to describe and design materials with a tailored degree of disorder," Moini said. "Using advanced fabrication methods such as additive manufacturing can further promote the design of more disordered and mechanically favorable structures and allow for scaling up of these tubular designs for civil infrastructure components with concrete."

The research team has also recently developed techniques allowing for a great deal of precision using robotics and additive manufacturing. By applying them to new architectures, and combinations of hard or soft materials within the tubes, they hope to expand the further the possibilities of applications in construction materials.

"We've only begun to explore the possibilities," Gupta said. "There are many variables to investigate, such as applying the degree of disorder to the size, shape, and orientation of the tubes in the material. These principles could be applied to other brittle materials to engineer more damage-resistant structures."
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Deep-learning innovation secures semiconductors against counterfeit chips | ScienceDaily
Researchers in Purdue University's College of Engineering have developed a patent-pending optical counterfeit detection method for chips used in semiconductor devices.


						
The Purdue method is called RAPTOR, or residual attention-based processing of tampered optical responses. It leverages deep learning to identify tampering. It improves upon traditional methods, which face challenges in scalability and discriminating between natural degradation and adversarial tampering.

Alexander Kildishev, professor in the Elmore Family School of Electrical and Computer Engineering, leads a team whose research was published in the peer-reviewed journal Advanced Photonics.

"Our scheme opens a large opportunity for the adoption of deep learning-based anti-counterfeit methods in the semiconductor industry," he said.

Kildishev disclosed RAPTOR to the Purdue Innovates Office of Technology Commercialization, which has applied for patents to protect the intellectual property. Industry partners interested in developing or commercializing RAPTOR should contact Will Buchanan, assistant director of business development and licensing -- physical sciences about track code 70652.

Drawbacks in detecting counterfeit chips

Kildishev said the semiconductor industry has grown into a $500 billion global market over the last 60 years. However, it is grappling with dual challenges: a profound shortage of new chips and a surge of counterfeit chips, introducing substantial risks of malfunction and unwanted surveillance.




"The latter inadvertently gives rise to a $75 billion counterfeit chip market that jeopardizes safety and security across multiple sectors dependent on semiconductor technologies, such as aviation, communication, quantum, artificial intelligence and personal finance," he said.

Kildishev said several techniques have been created to affirm semiconductor authenticity and detect counterfeit chips.

"These techniques largely leverage physical security tags baked into the chip functionality or packaging," he said. "Central to many of these methods are physical unclonable functions (PUFs), which are unique physical systems that are difficult for adversaries to replicate either because of economic constraints or inherent physical properties."

Optical PUFs, which capitalize on the distinct optical responses of random media, are especially promising.

"However, there are significant challenges in achieving scalability and maintaining accurate discrimination between adversarial tampering and natural degradation, such as physical aging at higher temperatures, packaging abrasions and humidity impact," Kildishev said.

Creating Purdue's RAPTOR

Kildishev and his team drew inspiration for RAPTOR from the capabilities of deep-learning models.




"RAPTOR is a novel deep-learning approach, a discriminator that identifies tampering by analyzing gold nanoparticle patterns embedded on chips," he said. "It is robust under adversarial tampering features such as malicious package abrasions, compromised thermal treatment and adversarial tearing."

Yuheng Chen, a doctoral student in Kildishev's group, said RAPTOR uses the distance matrix verification of gold nanoparticles.

"The gold nanoparticles are randomly and uniformly distributed on the chip sample substrate, but their radii are normally distributed. An original database of randomly positioned dark-field images is created through dark-field microscopy characterization," he said. "Gold nanoparticles can easily be measured using dark-field microscopy. This is a readily available technique that can integrate seamlessly into any stage of the semiconductor fabrication pipeline."

Blake Wilson, an alumnus of Kildishev's group, said, "RAPTOR uses an attention mechanism for prioritizing nanoparticle correlations across pre-tamper and post-tamper samples before passing them into a residual attention-based deep convolutional classifier. It takes nanoparticles in descending order of radii to construct the distance matrices and radii from the pre-tamper and post-tamper samples."

Validating Purdue's RAPTOR

The Purdue team tested RAPTOR's counterfeit detection capability by simulating the tampering behavior in nanoparticle systems. This included natural changes, malicious adversarial tampering, thermal fluctuations and varying degrees of random Gaussian translations of the nanoparticles.

"We have proved that RAPTOR has the highest average accuracy, correctly detecting tampering in 97.6% of distance matrices under worst-case scenario tampering assumptions," Wilson said. "This exceeds the performance of the previous methods -- Hausdorff, Procrustes and Average Hausdorff distance -- by 40.6%, 37.3%, and 6.4%, respectively."

Kildishev said the team is planning to collaborate with chip-packaging researchers to further innovate the nanoparticle embedding process and streamline the authentication steps.

"At the moment, RAPTOR is a proof of concept that demonstrates AI's great potential in the semiconductor industry," he said. "Ultimately, we want to convert it into a mature industry solution."

Other RAPTOR team members include Alexandra Boltasseva, the Ron and Dotty Garvin Tonjes Distinguished Professor in Electrical and Computer Engineering; Vladimir Shalaev, the Bob and Anne Burnett Distinguished Professor in Electrical and Computer Engineering; and current and former students Daksh Kumar Singh, Rohan Ojha, Jaxon Pottle and Michael Bezick.

The team has received support from the U.S. Department of Energy's Quantum Science Center, the National Science Foundation and the Elmore ECE Emerging Frontiers Center on the Crossroads of Quantum and AI.
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Wildland firefighters hit their STRIDE | ScienceDaily
You're a hotshot working to contain a wildfire. The conflagration jumps the fire line, forcing your crew to flee using pre-determined escape routes. At the start of the day, the crew boss estimated how long it should take to get to the safety zone. With the flames at your back, you check your watch and hope they were right.


						
Firefighters mostly rely on life-long experience and ground-level information to choose evacuation routes, with little support from digital mapping or aerial data. The tools that do exist tend to consider only a landscape's steepness when estimating the time it takes to traverse across terrain. However, running up a steep road may be quicker than navigating a flat boulder field or bushwacking through chest-high shrubs. Firefighters, disaster responders, rural health care workers and professionals in myriad other fields need a tool that incorporates all aspects of a landscape's structure to estimate travel times.

In a new study, researchers from the University of Utah introduced Simulating Travel Rates in Diverse Environments (STRIDE), the first model that incorporates ground roughness and vegetation density, in addition to slope steepness, to predict walking travel times with unprecedented accuracy.

"One of the fundamental questions in firefighter safety is mobility. If I'm in the middle of the woods and need to get out of here, what is the best way to go and how long will it take me?" said Mickey Campbell, research assistant professor in the School of Environment, Society and Sustainability (ESS) at the U and lead author of the study.

The authors analyzed airborne Light Detection and Ranging (LiDAR) data and conducted field trials to develop a remarkably simple, accurate equation that identifies the most efficient routes between any two locations in wide-ranging settings, from paved, urban environments to off-trail, forested landscapes. They found that STRIDE consistently chose routes resembling paths that person would logically seek out -- a preference for roads and trails and paths of least resistance. STRIDE also produced much more accurate travel times than the standard slope-only models that severely underestimated travel time.

"If the fire reaches a firefighter before they reach safety, the results can be deadly, as has happened in tragedies such as the 2013 Yarnell Hill fire," said Campbell. "STRIDE has the potential to not only improve firefighter evacuation but also better our understanding of pedestrian mobility across disciplines from defense to archaeology, disaster response and outdoor recreation planning."

The study published on Sept. 13, 2024, in the journal Scientific Reports.

Airborne estimates of on-the-ground travel




STRIDE is the first comprehensive model to use airborne LiDAR data to map two underappreciated factors that inhibit off-road travel -- vegetation density and ground surface roughness -- as well as steepness. LiDAR is commonly used to map the structure of a landscape from the air, Campbell explained. A LiDAR-equipped plane has sensors that shoot millions of laser pulses in all directions, which bounce back and paint a detailed map of structures on the ground. The laser pulses bounce off leaf litter, gravel, boulders, shrubs and tree canopies to build three-dimensional maps of terrain and vegetation with centimeter-level precision.

The authors compared STRIDE performance against travel rates gleaned from three field experiments, in which volunteers walked along 100-meter-transects through areas with existing LiDAR data.

"Getting travel times from a variety of volunteers allowed us to account for a range of human performance so we can make the most accurate predictions of travel rates in a diversity of environments," said coauthor Philip Dennison, professor and director of ESS.

The first field trials were in September of 2016. At the time, LiDAR datasets were relatively rare in the western U.S. Over the last decade, the U.S. Geological Society has developed LiDAR maps covering most of the country.

"When we first started looking into wildland firefighter-mobility a decade ago, there were lots of people studying how fire spreads across the landscape, but very few people were working on the problem of how firefighters move across the landscape," said Campbell, then a doctoral student in Dennison's lab at ESS. "Only by combining these two pieces of information can we truly understand how to improve firefighter safety."

That study, that published in 2017, was the first attempt to map escape routes for wildland firefighters using LiDAR. The second trial took place in August of 2023 in the central Wasatch Mountains of Utah to capture a wider set of undeveloped, off-path landscape conditions than did the first experiment, including nearly impassibly steep slopes and extremely dense vegetation. The final experiment was in January of 2024 in Salt Lake City to test the STRIDE model in an urban environment. In total, about 50 volunteers walked more than 40, 100-meter transects of highly varied terrain.




Putting it together 

The study compared STRIDE against a slope-only model to generate the most efficient routes, or the least-cost paths, in the mountains surrounding Alta Ski Resort in the Wasatch Mountains, Utah. Geographers and archaeologists have been using least-cost path modeling to simulate human movement for decades; however, to date most have relied almost exclusively on slope as the sole landscape impediment. The authors imagined a scenario in which emergency responders are planning to rescue an injured hiker. From a central point, they chose 1,000 random locations for the hiker and asked both models to find the least-cost path.

STRIDE chose established roads around the ski areas, followed trails and in some cases major ski slopes, to avoid patches of forest or dense vegetation. STRIDE reused established paths as long as possible before branching off, reinforcing the idea that STRIDE identified the routes most intuitive for somebody on the ground.

"The really cool thing is that we didn't supply the algorithm with any knowledge of existing transportation networks. It just knew to take the roads because they're smoother, not vegetated and tend to be less steep," said Campbell.

In contrast, the slope-only model had few overlapping pathways, with little regard for roads or trails. It sent rescuers through dense vegetation, dangerous scree fields and forested areas.

The authors believe that STRIDE will have an immediate impact in the real world -- they've made the STRIDE model publicly available so that anyone with LiDAR data and gumption can make their work or recreation more efficient, with a higher safety margin.

"If you don't consider the vegetation cover and ground-surface material, you're going to significantly underestimate your total travel time. The U.S. Forest Service has been really supportive of this travel rate research because they recognize the inherent value of understanding firefighter mobility," said Campbell. "That's what I love about this work. It's not just an academic exercise, but it's something that has real, tangible implications for firefighters and for professionals in so many other fields."

The authors recently used a slope-based travel rate model to update the U.S. Forest Service Ground Evacuation Time (GET) layer, which allows wildland firefighters to estimate travel time to the nearest medical facility from any location in the contiguous U.S. Campbell hopes to use STRIDE to improve GET, allowing for more accurate estimates of evacuation times.
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Technology could boost renewable energy storage | ScienceDaily
Renewable energy sources like wind and solar are critical to sustaining our planet, but they come with a big challenge: they don't always generate power when it's needed. To make the most of them, we need efficient and affordable ways to store the energy they produce, so we have power even when the wind isn't blowing or the sun isn't shining.


						
Columbia Engineering material scientists have been focused on developing new kinds of batteries to transform how we store renewable energy. In a new study published September 5 by Nature Communications, the team used K-Na/S batteries that combine inexpensive, readily-found elements -- potassium (K) and sodium (Na), together with sulfur (S) -- to create a low-cost, high-energy solution for long-duration energy storage.

"It's important that we be able to extend the length of time these batteries can operate, and that we can manufacture them easily and cheaply," said the team's leader Yuan Yang, associate professor of materials science and engineering in the Department of Applied Physics and Mathematics at Columbia Engineering. "Making renewable energy more reliable will help stabilize our energy grids, reduce our dependence on fossil fuels, and support a more sustainable energy future for all of us."

New electrolyte helps K-Na/S batteries store and release energy more efficiently

There are two major challenges with K-Na/S batteries: they have a low capacity because the formation of inactive solid K2S2 and K2S blocks the diffusion process and their operation requires very high temperatures (>250 oC) that need complex thermal management, thus increasing the cost of the process. Previous studies have struggled with solid precipitates and low capacity and the search has been on for a new technique to improve these types of batteries.

Yang's group developed a new electrolyte, a solvent of acetamide and e-caprolactam, to help the battery store and release energy. This electrolyte can dissolve K2S2 and K2S, enhancing the energy density and power density of intermediate-temperature K/S batteries. In addition, it enables the battery to operate at a much lower temperature (around 75degC) than previous designs, while still achieving almost the maximum possible energy storage capacity.

"Our approach achieves nearly theoretical discharge capacities and extended cycle life. This is very exciting in the field of intermediate-temperature K/S batteries," said the study's co-first author Zhenghao Yang, a PhD student with Yang.




Pathway to a sustainable energy future

Yang's group is affiliated with the Columbia Electrochemical Energy Center (CEEC), which takes a multiscale approach to discover groundbreaking technology and accelerate commercialization. CEEC joins together faculty and researchers from across the School of Engineering and Applied Science who study electrochemical energy with interests ranging from electrons to devices to systems. Its industry partnerships enable the realization of breakthroughs in electrochemical energy storage and conversion.

Planning to scale up

While the team is currently focused on small, coin-sized batteries, their goal is to eventually scale up this technology to store large amounts of energy. If they are successful, these new batteries could provide a stable and reliable power supply from renewable sources, even during times of low sun or wind. The team is now working on optimizing the electrolyte composition.
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Researchers test ChatGPT, other AI models against real-world students | ScienceDaily
William Hersh, M.D., who has taught generations of medical and clinical informatics students at Oregon Health & Science University, found himself curious about the growing influence of artificial intelligence. He wondered how AI would perform in his own class.


						
So, he decided to try an experiment.

He tested six forms of generative, large-language AI models -- for example ChatGPT -- in an online version of his popular introductory course in biomedical and health informatics to see how they performed compared with living, thinking students. A study published in the journal npj Digital Medicine, revealed the answer: Better than as many as three-quarters of his human students.

"This does raise concern about cheating, but there is a larger issue here," Hersh said. "How do we know that our students are actually learning and mastering the knowledge and skills they need for their future professional work?"

As a professor of medical informatics and clinical epidemiology in the OHSU School of Medicine, Hersh is especially attuned to new technologies. The role of technology in education is nothing new, Hersh said, recalling his own experience as a high school student in the 1970s during the transition from slide rules to calculators.

Yet, the shift to generative AI represents an exponential leap forward.

"Clearly, everyone should have some kind of foundation of knowledge in their field," Hersh said. "What is the foundation of knowledge you expect people to have to be able to think critically?"

Large-language models




Hersh and co-author Kate Fultz Hollis, an OHSU informatician, pulled the knowledge assessment scores of 139 students who took the introductory course in biomedical and health informatics in 2023. They prompted six generative AI large language models with student assessment materials from the course. Depending on the model, AI scored in the top 50th to 75th percentile on multiple-choice questions that were used in quizzes and a final exam that required short written responses to questions.

"The results of this study raise significant questions for the future of student assessment in most, if not all, academic disciplines," the authors write.

The study is the first to compare large-language models to students for a full academic course in the biomedical field. Hersh and Fultz Hollis noted that a knowledge-based course such as this one may be especially ripe for generative, large-language models, in contrast to more participatory academic courses that help students develop more complex skills and abilities.

Hersh remembers his experience in medical school.

"When I was a medical student, one of my attending physicians told me I needed to have all the knowledge in my head," he said. "Even in the 1980s, that was a stretch. The knowledge base of medicine has long surpassed the capacity of the human brain to memorize it all."

Maintaining the human touch

Yet, he believes there's a fine line between making sensible use of technical resources to advance learning and over-reliance to the point that it inhibits learning. Ultimately, the goal of an academic health center like OHSU is to educate health care professionals capable of caring for patients and optimizing the use of data and information about them in the real world.




In that sense, he said, medicine will always require the human touch.

"There are a lot of things that health care professionals do that are pretty straightforward, but there are those instances where it gets more complicated and you have to make judgment calls," he said. "That's when it helps to have that broader perspective, without necessarily needing to have every last fact in your brain."

With fall classes starting soon, Hersh said he's not worried about cheating.

"I update the course each year," he said. "In any scientific field, there are new advancements all the time and large-language models aren't necessarily up to date on all of it. This just means we'll have to look at newer or more nuanced tests where you won't get the answer out of ChatGPT."
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Improving eye tracking to assess brain disorders | ScienceDaily
A University of Houston engineering team has developed wearable sensors to examine eye movement to assess brain disorders or damage to the brain. Many brain diseases and problems show up as eye symptoms, often before other symptoms appear.


						
You see, eyes are not merely a window into the soul, as poets would have it. These incredibly precious organs are also an extension of the brain and can provide early warning signs of brain-related disorders and information on what causes them. Examining the eyes can also help track the progression and symptoms of physical and mental shocks to the brain.

Researchers say current eye-tracking systems have flaws and deliver insufficient amounts of data. Plus, they're bulky, with multiple electrodes on the face and neck, expensive and have weak outputs.

And in the blink of an eye...improvement

The new method, developed in the UH lab of Jae-Hyun Ryou, associate professor of mechanical engineering, with assistance from Nam-In Kim, post-doctoral researcher, is non-invasive, comfortably wearable, and safe, enabling easy and continuous measurements and monitoring of eyeball movements when combined with a hand-held display and computing device.

The new sensors are sleek and flexible, made from very thin, crystal-like film that generates electricity when it bends or moves. That's a phenomenon called the piezoelectricity effect, and it allows certain materials to generate an electric charge in response to applied mechanical stress.

The output voltages from upper, mid, and lower sensors, or transducers, on different temple areas generate discernable patterns of voltage.




"Skin-attachable wearable sensors for monitoring vital signs and biomedical parameters are components of great importance in personal healthcare and portable diagnostic systems," reports Ryou in Advanced Healthcare Materials. "Among them, thin-film piezoelectric sensors offer unique advantages of easy fabrication at low cost, a wide range of available sizes, lightweight, excellent mechanical flexibility and stability, rapid reaction rate, high sensitivity, high signal-to-noise ratio and excellent long-term stability and durability."

"The new sensors are easy to wear and can be used in brain-eye relationship studies to evaluate the brain's functional integrity," he said.

Intense focus on disease

Ophthalmological assessments of eye blinking patterns have been used for early diagnosis of disorders such as stroke, multiple sclerosis, Parkinson's disease and Alzheimer's disease. Also, ocular movements are strongly linked to various brain disorders, as eyeball and upper eyelid controls are affected by brain function.

In former studies, aberrant blink rate and blink modulation was measured in children with attention-deficit hyperactivity disorder with the spontaneous blink being a measure of the integrity of the dopaminergic system in the brain. Motor neurons in the brain, which relate to eyes and their muscle, have also been associated with autism.

"We believe that the F-PEMSA can be employed in many clinical studies concerning brain disorder conditions such as ADHD, autism, Alzheimer's disease and Parkinson's disease as well as the aftermath of traumatic brain injuries like post-concussion syndrome and post-traumatic stress disorder, potentially offering the prospect of early and accurate diagnoses and the development of personalized therapies," said Ryou.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240916115539.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Contrail avoidance is less likely to damage climate by mistake than previously thought, study finds | ScienceDaily
A new study allays fears that rerouting flights to avoid forming climate-warming contrails could result in inadvertently making climate warming worse.


						
Researchers from Sorbonne Universite and the University of Reading found that for most flights that form contrails in the North Atlantic, the climate benefit of avoiding the contrail outweighs the extra carbon dioxide emitted from flying a different route.

Contrail avoidance requires comparing the climate impacts of carbon dioxide and contrails, called CO2 equivalence. Different methods have been proposed, and the choice of which has been largely political. Scientists feared that some choices could be misleading, making avoidance seem beneficial for climate when it is in fact damaging.

The study, published today (Sunday, 15 September) in Atmospheric Chemistry and Physics, finds that for a large majority of North Atlantic flights, contrail avoidance would benefit climate regardless of the choice of CO2 equivalence.

Contrails explained

Contrails -- the white lines left behind planes in the sky -- can trap heat in the atmosphere and contribute to global warming.

The new study builds on previous research that suggested planes could be rerouted to avoid contrail formation, potentially reducing climate impact. However, the benefits of avoiding contrails against the drawbacks of extra CO2 emissions were unclear.




Prof Nicolas Bellouin, co-author at the University of Reading, said: "Rerouting flights to avoid contrails could in theory reduce the climate impact of aviation and make air travel more sustainable. Our findings lift a major obstacle against implementing contrail avoidance, but we now need better forecasting and real-world trials to make this work in practice."

The new findings show that regardless of how the trade-off between contrail avoidance and increased CO2 emissions is measured, rerouting rarely worsens climate effects unintentionally. The study looked at nearly half a million flights over the North Atlantic in 2019 to estimate how much warming was caused by the carbon dioxide emissions from these flights and any contrails they formed.

The researchers first examined how current flight routes would warm the world over time. They estimate that the CO2 emissions and contrails from these flights will have warmed the climate by about 17 microKelvins (mK) in 2039, 20 years later, and 14 mK in 2119, 100 years later. A microKelvin is a very tiny unit of temperature change.

Then the researchers imagined a situation where planes could avoid all contrails by using just 1% more fuel. In this case, the total warming would decrease significantly. By 2039, warming would be reduced by about 5 mK, which is 29% less than without rerouting. By 2119, it would be about 2 mK (14%) less.

The researchers used nine different ways to measure climate impact. In most cases, all these methods agreed that rerouting flights would be good for the climate, as long as the planes successfully avoid contrails as predicted.

The researchers emphasise that there is still much uncertainty in predicting exactly where contrails will form and how much warming they cause. They suggest focusing initial rerouting efforts on flights that form the most warming contrails, where the climate benefit is clearest.
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Physics team electrifies the quantum world | ScienceDaily
Gravity is no longer a mystery to physicists -- at least when it comes to large distances: thanks to science, we can calculate the orbits of planets, predict tides, and send rockets into space with precision. However, the theoretical description of gravity reaches its limits at the level of the smallest particles, the so-called quantum level.


						
"To explain the Big Bang or the interior of black holes, we have to understand the quantum properties of gravity," explains Professor Johanna Erdmenger, Chair of Theoretical Physics III at the University of Wurzburg (JMU) in Bavaria, Germany. "At very high energies, the classical laws of gravity fail. Therefore, our goal is to contribute to the development of new theories that can explain gravity at all scales, including at the quantum level."

Researchers Focus on the Central Theory of Quantum Gravity

The "AdS/CFT correspondence," a central theory of quantum gravity, plays an important role in the development of new models. It states that complex gravitational theories in a high-dimensional space can be described by simpler quantum theories at the boundary of that space.

[Explanation: "AdS" stands for "Anti-de-Sitter," a special type of spacetime that is curved inward, like a hyperbola. "CFT" stands for "conformal field theory," a theory that describes quantum physical systems whose properties are the same at all spatial distances.]

"This sounds very complicated at first, but it's easy to explain," says Erdmenger. "The AdS/CFT correspondence allows us to understand difficult gravitational processes, such as those that exist in the quantum world, using simpler mathematical models. At its heart is a curved spacetime, which can be thought of as a funnel. The correspondence states that the quantum dynamics at the edge of the funnel must correspond to the more complex dynamics inside -- similary to a hologram on a banknote, which generates a three-dimensional image even though it is only two-dimensional itself.

Proof of Concept for Realizing Gravitational Dynamics in the Laboratory

Together with her team, Erdmenger has now developed a method to experimentally test the predictions of the previously unconfirmed AdS/CFT correspondence: a branched electrical circuit is used to mimic curved space-time -- the electrical signals at the individual branch points of the circuit correspond to the gravitational dynamics that would be found at different points in space-time. The theoretical calculations of the research team show that in the proposed circuit, the dynamics at the edge of the mimicked spacetime also correspond to those inside -- and thus a central prediction of the AdS/CFT correspondence can be realized by the circuit.




Practical Implementation and Possible Technical Applications

As a next step, the Wurzburg research team now plans to put the experimental setup described in the study into practice. In addition to significant advances in gravitational research, this could also lead to technical innovations. "Our circuits also open up new technological applications," explains Erdmenger. "Based on quantum technology, they are expected to transmit electrical signals with reduced loss, since the simulated curvature of space bundles and stabilizes the signals. This would be a breakthrough for signal transmission in neural networks used for artificial intelligence, for example."

The University of Alberta, Canada, the Max Planck Institute for the Physics of Complex Systems in Dresden, Germany, the University of Alabama in Tuscaloosa, USA, and the Chair of Theoretical Physics I at the University of Wurzburg, Germany, were involved as collaborating partners in the international study. Financial support was provided by the Wurzburg-Dresden Cluster of Excellence "ct.qmat -- Complexity and Topology in Quantum Materials."
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Astronomers detect black hole 'starving' its host galaxy to death | ScienceDaily
Astronomers have used the NASA/ESA James Webb Space Telescope to confirm that supermassive black holes can starve their host galaxies of the fuel they need to form new stars.


						
The international team, co-led by the University of Cambridge, used Webb to observe a galaxy roughly the size of the Milky Way in the early universe, about two billion years after the Big Bang. Like most large galaxies, it has a supermassive black hole at its centre. However, this galaxy is essentially 'dead': it has mostly stopped forming new stars.

"Based on earlier observations, we knew this galaxy was in a quenched state: it's not forming many stars given its size, and we expect there is a link between the black hole and the end of star formation," said co-lead author Dr Francesco D'Eugenio from Cambridge's Kavli Institute for Cosmology. "However, until Webb, we haven't been able to study this galaxy in enough detail to confirm that link, and we haven't known whether this quenched state is temporary or permanent."

This galaxy, officially named GS-10578 but nicknamed 'Pablo's Galaxy' after the colleague who decided to observe it in detail, is massive for such an early period in the universe: its total mass is about 200 billion times the mass of our Sun, and most of its stars formed between 12.5 and 11.5 billion years ago.

"In the early universe, most galaxies are forming lots of stars, so it's interesting to see such a massive dead galaxy at this period in time," said co-author Professor Roberto Maiolino, also from the Kavli Institute for Cosmology. "If it had enough time to get to this massive size, whatever process that stopped star formation likely happened relatively quickly."

Using Webb, the researchers detected that this galaxy is expelling large amounts of gas at speeds of about 1,000 kilometres per second, which is fast enough to escape the galaxy's gravitational pull. These fast-moving winds are being 'pushed' out of the galaxy by the black hole.

Like other galaxies with accreting black holes, 'Pablo's Galaxy' has fast outflowing winds of hot gas, but these gas clouds are tenuous and have little mass. Webb detected the presence of a new wind component, which could not be seen with earlier telescopes. This gas is colder, which means it's denser and -- crucially -- does not emit any light. Webb, with its superior sensitivity, can see these dark gas clouds because they block some of the light from the galaxy behind them.




The mass of gas being ejected from the galaxy is greater than what the galaxy would require to keep forming new stars. In essence, the black hole is starving the galaxy to death. The results are reported in the journal Nature Astronomy.

"We found the culprit," said D'Eugenio. "The black hole is killing this galaxy and keeping it dormant, by cutting off the source of 'food' the galaxy needs to form new stars."

Although earlier theoretical models had predicted that black holes had this effect on galaxies, before Webb, it had not been possible to detect this effect directly.

Earlier models had predicted that the end of star formation has a violent, turbulent effect on galaxies, destroying their shape in the process. But the stars in this disc-shaped galaxy are still moving in an orderly way, suggesting that this is not always the case.

"We knew that black holes have a massive impact on galaxies, and perhaps it's common that they stop star formation, but until Webb, we weren't able to directly confirm this," said Maiolino. "It's yet another way that Webb is such a giant leap forward in terms of our ability to study the early universe and how it evolved."

New observations with the Atacama Large Millimeter-Submillimiter Array (ALMA), targeting the coldest, darkest gas components of the galaxy, will tell us more about if and where any fuel for star formation is still hidden in this galaxy, and what is the effect of the supermassive black hole in the region surrounding the galaxy.

The research was supported in part by the Royal Society, the European Union, the European Research Council, and the Science and Technology Facilities Council (STFC), part of UK Research and Innovation (UKRI).
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CREME AI and CRISPR in tandem | ScienceDaily
Imagine you're looking at millions upon millions of mysterious genetic mutations. With CRISPR gene-editing technology, a select few of these mutations might have therapeutic potential. However, proving it would mean many thousands of hours of lab work. Just figuring out which ones are worth exploring further would take a lot of time and money. But what if you could do it in the virtual realm with artificial intelligence?


						
CREME is a new AI-powered virtual laboratory invented by Cold Spring Harbor Laboratory (CSHL) Assistant Professor Peter Koo and his team. It allows geneticists to run thousands of virtual experiments with the click of a button. Now, scientists can use it to begin identifying and understanding key regions of the genome.

The program is modeled after CRISPR interference (CRISPRi), a genetic perturbation technique based on CRISPR. CRISPRi allows biologists to turn down the activity of specific genes in a cell. CREME lets scientists make similar changes in the virtual genome and predicts their effects on gene activity. In other words, it's almost like an AI version of CRISPRi.

"In reality, CRISPRi is incredibly challenging to perform in the laboratory. And you're limited by the number of perturbations and the scale. But since we're doing all our perturbations [virtually], we can push the boundaries. And the scale of experiments that we performed is unprecedented -- hundreds of thousands of perturbation experiments," explains Koo.

Koo and his team tested CREME on another AI-powered genome analysis tool called Enformer. They wanted to know how Enformer's algorithm makes predictions about the genome. Questions like that are central to Koo's work, he says.

"We have these big, powerful models. They're quite compelling at taking DNA sequences and predicting gene expression. But we don't really have any good ways of trying to understand what these models are learning. Presumably, they're making accurate predictions because they've learned a lot of the rules about gene regulation, but we don't actually know what their predictions are based off of."

With CREME, Koo's team uncovered a series of genetic rules that Enformer learned while analyzing the genome. That insight may one day prove invaluable for drug discovery. "Understanding the rules of gene regulation gives you more options for tuning gene expression levels in precise and predictable ways," says Koo.

With further fine-tuning, CREME may soon set geneticists on the path to discovering new therapeutic targets. Perhaps most impactfully, it may even give scientists who do not have access to a real laboratory the power to make these breakthroughs.
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Beyond displays: Liquid crystals in motion mimic biological systems | ScienceDaily
Liquid crystals are all around us, from cell phone screens and video game consoles to car dashboards and medical devices. Run an electric current through liquid crystal displays (LCDs) and they generate colors, thanks to the unique properties of these fluids: rearrange their shape, and they reflect different wavelengths of light.


						
As the lab of Chinedum Osuji, Eduardo D. Glandt Presidential Professor and Chair of Chemical and Biomolecular Engineering, recently discovered, these fascinating molecules may be able to do even more. Under the right conditions, liquid crystals condense into astonishing structures, spontaneously generating filaments and flattened discs that can transport material from one place to another, much like complex biological systems.

The insight may lead to self-assembling materials, new ways to model cellular activity and more. "It's like a network of conveyor belts," says Christopher Browne, a postdoctoral researcher in Osuji's lab and the co-first author of a recent paper in Proceedings of the National Academy of Sciences (PNAS)that describes the finding. "It was this serendipitous observation of something that superficially looks very lifelike -- that was the initial cue that this might be something more general and more interesting."

Browne and Osuji are now part of an NSF-supported interdisciplinary group at the Laboratory for Research on the Structure of Matter (LRSM) led by Matthew Good, Associate Professor of Cell and Developmental Biology within the Perelman School of Medicine, and Elizabeth Rhoades, Professor of Chemistry within the School of Arts & Sciences, that is studying condensate formation in biological and non-biological systems.

Originally, Osuji's lab partnered with ExxonMobil to investigate mesophase pitch, a substance used in the development of high-strength carbon fibers, like those found in Formula 1 cars and high-end tennis rackets. "Those materials are liquid crystals," says Osuji, of the chemical precursors to the carbon fibers themselves. "Or better stated, they are liquid crystalline over some period of their existence during processing." While experimenting with condensates at different temperatures, Yuma Morimitsu, another postdoctoral fellow in the Osuji Lab and the paper's other co-first author, noticed unusual behavior in the material.

Normally, if you combine two immiscible -- that is, not mixable -- fluids and then heat them to a high enough temperature to force them to mix, if you then cool the mixture, at some point it will separate or "demix." Typically, this happens by the formation of droplets that coalesce to form a separate layer, much like how, if you combine oil and water, you eventually wind up with a layer of oil on top of the water.

In this case, the liquid crystal, 4'-cyano 4-dodecyloxybiphenyl, also known as 12OCB, spontaneously formed highly irregular structures when separating from squalane, a colorless oil. "Instead of forming drops," says Osuji, "when you have this phase separation between the liquid crystal and the other components of the system, you form cascaded structures, the first of which is these filaments, which grow rapidly and thereafter form another set of structures -- what we call bulged discs or flat droplets."

To understand the system, the researchers used powerful microscopes to observe the liquid crystals' movement on the micrometer scale -- that is, millionths of a meter, comparable to the width of a human hair. "The first time we saw these structures, we looked at them at a cooling rate that was excessively high," recalls Osuji, leading the liquid crystals to clump together. Only by lowering the cooling rate and further zooming in did the researchers realize that the liquid crystals were spontaneously forming structures reminiscent of biological systems.




Interestingly, Browne found, a number of researchers had come close to observing similar behavior decades ago, but either studied systems in which the behavior was not particularly pronounced, or lacked microscopy powerful enough to visualize what was actually happening.

For Browne, the result's most exciting implication is that it brings together several traditionally disparate fields: the world of active matter research, which focuses on biological systems that transport material and produce motion, and the realms of self-assembly and phase behavior, which study materials that create new structures on their own and that behave differently when changing phase. "This is a new type of active matter system," says Browne.

He and Osuji also point to the possibility of leveraging the finding to emulate biological systems, either to better understand how they work or to manufacture materials. "Molecules are being absorbed into the filaments and then shuttled into those flat droplets continuously," says Osuji, "even though just by looking at the system, you can't discern any obvious activity." In effect, the flat droplets could function like small reactors, churning out molecules that the filaments carry to other droplets for storage or further chemical activity.

The researchers also suggest that their finding could reinvigorate research into liquid crystals themselves. "When a field becomes industrialized," says Browne, "oftentimes the fundamental research tapers off. But sometimes there are lingering puzzles that nobody finished solving."

This study was conducted at the University of Pennsylvania, in the School of Engineering and Applied Science's Department of Chemical and Biomolecular Engineering and the School of Arts & Sciences' Department of Physics and Astronomy, and ExxonMobil's Research Division. The work was supported by a grant from ExxonMobil and by the U.S. National Science Foundation (DMR-2309043).

Additional co-authors include Zhe Liu of Penn Engineering; Paul G. Severino of the School of Arts & Sciences; and Manesh Gopinadhan, Eric B. Sirota, Ozcan Altintas and Kazem V. Edmond of ExxonMobil. 
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New research solves Crystal Palace mystery | ScienceDaily
New research has answered the mystery of how the Crystal Palace in London, which at the time was the world's largest building, was constructed in only 190 days.


						
The study, led by Professor John Gardner of Anglia Ruskin University (ARU) in Cambridge, England, has discovered that the Crystal Palace was the first building known to have made use of a standard screw thread - something that's now taken for granted in modern construction and engineering.

Completed just in time for the start of the Great Exhibition of 1851, the Crystal Palace was a powerful symbol of Victorian Britain's industrial might. Over 560 metres long and with a giant glass roof supported by 3,300 cast iron columns, it was so large that it would expand by up to 12 inches on a warm day.

However, with the successful design for the Crystal Palace only approved in July 1850, historians have puzzled over the speed of its construction.

That has now been answered by a new study, published in The International Journal for the History of Engineering & Technology, revealing that the Crystal Palace is the earliest known building to use Whitworth screw threads, later known as British Standard Whitworth (BSW), the world's first national screw thread standard.

The Crystal Palace was originally constructed for the Great Exhibition in Hyde Park, in the centre of London, before being dismantled and rebuilt in south London in 1854, where it remained until it was destroyed by fire in 1936.

The researchers discovered the use of Whitworth screw threads at the site in Sydenham, south London, both in the remains of the building and the nearby south water tower, designed by Isambard Kingdom Brunel and built to power the fountains in front of the Crystal Palace.




A column bolt from the building was found to correspond to the British Standard Whitworth measurements, while a nut and bolt from the water tower was soaked in oil before a combination of heat, hammering and force revealed measurable screw threads, which again were found to have been made to British Standard Whitworth measurements.

Prior to Joseph Whitworth's invention, no two screws and bolts were alike. As they were not made to a standard measurement it made construction time-consuming, as lost or broken screws and bolts were difficult to replace. The Crystal Palace had 30,000 nuts and bolts, and the researchers believe that the standard thread of these is what allowed the building to be constructed to a remarkably tight schedule.

Professor Gardner of Anglia Ruskin University (ARU) carried out the research as part of a Leverhulme Trust Research Fellowship to investigate connections between engineering and literary cultures.

He said: "During the Victorian era there was incredible innovation from workshops right across Britain that was helping to change the world. In fact, progress was happening at such a rate that certain breakthroughs were perhaps never properly realised at the time, as was the case here with the Crystal Palace.

"This research started out as a question - how was it built so quickly? - and thanks to Ken Kiss, curator of the Crystal Palace museum, who I carried out this research with, we were able to able to answer this. Ken had excavated original columns from the Crystal Palace site at Sydenham and from these we were able to take measurements.

"I manufactured new bolts to British Standard Whitworth and demonstrated that they fitted the original nuts. Standardisation in engineering is essential and commonplace in the 21st century, but its role in the construction of the Crystal Palace was a major development.

"The Great Exhibition of 1851 was organised to showcase the best of engineering excellence. It was visited by around six million people, which was a third of Britain's population, and attracted some of the most famous people of the day, including Charlotte Bronte, Charles Dickens, George Eliot, Charles Darwin and Michael Faraday.

"Ironically, Joseph Whitworth was awarded a Council Medal for his displays at the exhibition inside the Crystal Palace, but his important role in the construction of the building itself hasn't been recognised until now."
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Shedding light on superconducting disorder | ScienceDaily
The importance of disorder in physics is only matched by the difficulty to study it. For example, the remarkable properties of high-temperature superconductors are greatly affected by variations in the chemical composition of the solid. Techniques that enable measurements of such disorder and its impact on the electronic properties, such as scanning tunnelling microscopy, work only at very low temperatures, and are blind to these physics near the transition temperature. Now, a team of researchers of the Max Planck Institute for the Structure and Dynamics of Matter (MPSD) in Germany and Brookhaven National Laboratory in the United States has demonstrated a new way to study disorder in superconductors using terahertz pulses of light. Adapting methods used in nuclear magnetic resonance to terahertz spectroscopy, the team was able to follow the evolution of disorder in the transport properties up to the superconducting transition temperature for the first time. The work by the Cavalleri group has appeared in Nature Physics.


						
Superconductivity, a quantum phenomenon that allows for electrical current to flow without resistance, is among the most important phenomena in condensed matter physics due to its transformative technological impact. Many materials that become superconducting at so-called 'high temperatures' (around -170degC), such as the well-known cuprate superconductors, derive their remarkable properties from chemical doping, which introduces disorder. However, the exact impact of this chemical variation on their superconducting properties remains unclear.

In superconductors, and condensed matter systems more generally, disorder is typically studied with experiments featuring precise spatial resolution, such as by using extremely sharp metallic tips. However, the sensitivity of these experiments restricts their application to liquid helium temperatures, far below the superconducting transition, thereby preventing the study of many fundamental questions related to the transition itself.

Drawing inspiration from 'multi-dimensional spectroscopy' techniques initially developed for nuclear magnetic resonance, and later adapted to visible and ultraviolet optical frequencies by chemists studying molecular and biological systems, MPSD researchers extended this class of techniques to the terahertz frequency range, where collective modes of solids resonate. This technique involves sequentially exciting a material of interest with multiple intense terahertz pulses, typically in a collinear geometry in which the pulses travel along the same direction. To investigate the cuprate superconductor La1.83Sr0.17CuO4  -- an opaque material that transmits minimal light -- the team extended the conventional scheme by implementing two-dimensional terahertz spectroscopy (2DTS) in a non-collinear geometry for the first time, allowing the researchers to isolate specific terahertz nonlinearities by their emission direction.

With this angle-resolved 2DTS technique, the researchers observed that superconducting transport in the cuprate was revived after excitation by the terahertz pulses, a phenomenon they termed 'Josephson echoes'. Surprisingly, these Josephson echoes revealed that the disorder in superconducting transport was significantly lower than the corresponding disorder observed in the superconducting gap measured by spatially resolved techniques, such as scanning microscopy experiments. Moreover, the versatility of the angle-resolved 2DTS technique enabled the team to measure disorder near the superconducting transition temperature for the first time, finding that it remained stable up to a relatively warm 70% of the transition temperature.

In addition to a deeper understanding of the enigmatic properties of cuprate superconductors, the researchers emphasize that these first experiments open the door to many exciting future directions. Besides applying angle-resolved 2DTS to other superconductors and quantum materials more broadly, the ultrafast nature of 2DTS makes it applicable to transient states of matter too short-lived for conventional probes of disorder.
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Energy-saving computing with magnetic whirls | ScienceDaily
Researchers at Johannes Gutenberg University Mainz (JGU) have managed to enhance the framework of Brownian reservoir computing by recording and transferring hand gestures to the system which then used skyrmions to detect these individual gestures. "We were impressed to see that our hardware approach and concept worked so well -- and even better than energy-intensive software solutions that employ neural networks," said Grischa Beneke, a member of Professor Mathias Klaui's research group at the JGU Institute of Physics. In collaboration with other experimental and theoretical physicists, Beneke was able to demonstrate that simple hand gestures can be recognized by means of Brownian reservoir computing with a relatively high degree of precision.


						
Reservoir computing requires no training efforts and reduces energy consumption

Reservoir computing systems are similar to artificial neural networks. Their advantage is that they do not need extensive training, which reduces their overall energy consumption. "All we have to do is train a simple output mechanism to map the result," explained Beneke. The exact computing processes remain unclear and are not important in detail. The system can be compared to a pond in which stones have been thrown, creating a complex wave pattern on the surface. In the same way that the waves hint to the number and position of stones thrown, the output mechanism of the system provides information on the original input.

In their latest paper recently published in Nature Communications, the researchers describe how they recorded simple hand gestures such a swipe left or right with Range-Doppler radar, employing two Infineon Technologies radar sensors. The radar data is then converted into corresponding voltages to be fed into the reservoir that, in this case, consists of a multilayered thin film stack of various materials that is formed into a triangle with contacts at each of its corners. Two of the contacts supply the voltage, which causes the skyrmion to move within the triangle. "In reaction to the supplied signals, we detect complex motions," described Grischa Beneke. "These movements of the skyrmion enable us to deduce the movements that the radar system has recorded." Skyrmions are chiral magnetic whirls that are considered to have major potential for use in non-conventional computing devices and as information carriers in innovative data storage devices. "Skyrmions are really astonishing. We first regarded them only as candidates for data storage but they also have great potential for applications in computing combined with sensor systems," emphasized Professor Mathias Klaui as supervisor of this field of research at JGU.

Comparison of the results obtained using Brownian reservoir computing with those recorded using a software-based approach shows that the accuracy of gesture recognition is similar or even better in the case of Brownian reservoir computing. The benefit of the combination of reservoir computing with a Brownian computing concept is that skyrmions are free to perform random motions because local differences in magnetic properties have less influence on how they react. This means that skyrmions, in contrast with how they usually respond, can be made to move with just very low currents -- which demonstrates a significant improvement in energy efficiency in comparison with the software approach. As the data collected by the Doppler radar and the intrinsic dynamics of the reservoir operate on similar time scales, the sensor data can be input directly into the reservoir. The time scales of the system can be adapted to resolve a variety of other problems.

"We find that the radar data of different hand gestures is detected in our hardware reservoir with a fidelity that is at least as good as a state-of-the-art software-based neural network approach," the researchers concluded in their paper in Nature Communications. According to Beneke, further improvement should be possible in terms of the read-out process, which currently uses a magneto-optical Kerr-effect (MOKE) microscope. The employment of a magnetic tunnel junction instead could help to reduce the size of the whole system. The signals provided by a magnetic tunnel junction are already being emulated to demonstrate the capacity of the reservoir.
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Early dark energy could resolve cosmology's two biggest puzzles | ScienceDaily
A new study by MIT physicists proposes that a mysterious force known as early dark energy could solve two of the biggest puzzles in cosmology and fill in some major gaps in our understanding of how the early universe evolved.


						
One puzzle in question is the "Hubble tension," which refers to a mismatch in measurements of how fast the universe is expanding. The other involves observations of numerous early, bright galaxies that existed at a time when the early universe should have been much less populated.

Now, the MIT team has found that both puzzles could be resolved if the early universe had one extra, fleeting ingredient: early dark energy. Dark energy is an unknown form of energy that physicists suspect is driving the expansion of the universe today. Early dark energy is a similar, hypothetical phenomenon that may have made only a brief appearance, influencing the expansion of the universe in its first moments before disappearing entirely.

Some physicists have suspected that early dark energy could be the key to solving the Hubble tension, as the mysterious force could accelerate the early expansion of the universe by an amount that would resolve the measurement mismatch.

The MIT researchers have now found that early dark energy could also explain the baffling number of bright galaxies that astronomers have observed in the early universe. In their new study, reported in the Monthly Notices of the Royal Astronomical Society, the team modeled the formation of galaxies in the universe's first few hundred million years. When they incorporated a dark energy component only in that earliest sliver of time, they found the number of galaxies that arose from the primordial environment bloomed to fit astronomers' observations.

"You have these two looming open-ended puzzles," says study co-author Rohan Naidu, a postdoc in MIT's Kavli Institute for Astrophysics and Space Research. "We find that in fact, early dark energy is a very elegant and sparse solution to two of the most pressing problems in cosmology."

The study's co-authors include lead author and Kavli postdoc Xuejian (Jacob) Shen, and MIT professor of physics Mark Vogelsberger, along with Michael Boylan-Kolchin at the University of Texas at Austin, and Sandro Tacchella at the University of Cambridge.




Big city lights

Based on standard cosmological and galaxy formation models, the universe should have taken its time spinning up the first galaxies. It would have taken billions of years for primordial gas to coalesce into galaxies as large and bright as the Milky Way.

But in 2023, NASA's James Webb Space Telescope (JWST) made a startling observation. With an ability to peer farther back in time than any observatory to date, the telescope uncovered a surprising number of bright galaxies as large as the modern Milky Way within the first 500 million years, when the universe was just 3 percent of its current age.

"The bright galaxies that JWST saw would be like seeing a clustering of lights around big cities, whereas theory predicts something like the light around more rural settings like Yellowstone National Park," Shen says. "And we don't expect that clustering of light so early on."

For physicists, the observations imply that there is either something fundamentally wrong with the physics underlying the models or a missing ingredient in the early universe that scientists have not accounted for. The MIT team explored the possibility of the latter, and whether the missing ingredient might be early dark energy.

Physicists have proposed that early dark energy is a sort of antigravitational force that is turned on only at very early times. This force would counteract gravity's inward pull and accelerate the early expansion of the universe, in a way that would resolve the mismatch in measurements. Early dark energy, therefore, is considered the most likely solution to the Hubble tension.




Galaxy skeleton

The MIT team explored whether early dark energy could also be the key to explaining the unexpected population of large, bright galaxies detected by JWST. In their new study, the physicists considered how early dark energy might affect the early structure of the universe that gave rise to the first galaxies. They focused on the formation of dark matter halos -- regions of space where gravity happens to be stronger, and where matter begins to accumulate.

"We believe that dark matter halos are the invisible skeleton of the universe," Shen explains. "Dark matter structures form first, and then galaxies form within these structures. So, we expect the number of bright galaxies should be proportional to the number of big dark matter halos."

The team developed an empirical framework for early galaxy formation, which predicts the number, luminosity, and size of galaxies that should form in the early universe, given some measures of "cosmological parameters." Cosmological parameters are the basic ingredients, or mathematical terms, that describe the evolution of the universe.

Physicists have determined that there are at least six main cosmological parameters, one of which is the Hubble constant -- a term that describes the universe's rate of expansion. Other parameters describe density fluctuations in the primordial soup, immediately after the Big Bang, from which dark matter halos eventually form.

The MIT team reasoned that if early dark energy affects the universe's early expansion rate, in a way that resolves the Hubble tension, then it could affect the balance of the other cosmological parameters, in a way that might increase the number of bright galaxies that appear at early times. To test their theory, they incorporated a model of early dark energy (the same one that happens to resolve the Hubble tension) into an empirical galaxy formation framework to see how the earliest dark matter structures evolve and give rise to the first galaxies.

"What we show is, the skeletal structure of the early universe is altered in a subtle way where the amplitude of fluctuations goes up, and you get bigger halos, and brighter galaxies that are in place at earlier times, more so than in our more vanilla models," Naidu says. "It means things were more abundant, and more clustered in the early universe."

"A priori, I would not have expected the abundance of JWST's early bright galaxies to have anything to do with early dark energy, but their observation that EDE pushes cosmological parameters in a direction that boosts the early-galaxy abundance is interesting," says Marc Kamionkowski, professor of theoretical physics at Johns Hopkins University, who was not involved with the study. "I think more work will need to be done to establish a link between early galaxies and EDE, but regardless of how things turn out, it's a clever -- and hopefully ultimately fruitful -- thing to try."

"We demonstrated the potential of early dark energy as a unified solution to the two major issues faced by cosmology. This might be an evidence for its existence if the observational findings of JWST get further consolidated," Vogelsberger concludes. "In the future, we can incorporate this into large cosmological simulations to see what detailed predictions we get."

This research was supported, in part, by NASA and the National Science Foundation.
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Breakthrough is a game changer in heart valve technology | ScienceDaily
Now, a team of UBC Okanagan researchers believe they have found a way to harness the strengths of both technologies in a way that could be life-changing -- and life-saving -- for many. Dr. Hadi Mohammadi and his fellow researchers in the Heart Valve Performance Laboratory at UBC Okanagan are focused on developing the mechanical heart valves of the future.


						
Dr. Mohammadi, an Associate Professor with the School of Engineering, says their latest work, dubbed the iValve, is their most advanced yet and combines the best of both technologies -- mechanical and tissue -- when it comes to replacement heart valves.

"Tissue valves generally perform better than mechanical valves because of their shape, but last only 15 to 20 years on average, which would require another replacement. Mechanical valves can last a lifetime, but do not perform as well as tissue valves, requiring patients to take daily anticoagulants," says Dr. Mohammadi.

"We have produced a new mechanical heart valve that combines the best of both worlds -- offering the performance of tissue valves with the long-lasting durability of mechanical valves. We believe this valve could make life easier and safer for patients," he adds.

The breakthrough valve was made possible through an international collaboration with ViVitro Labs and independent consultants Lawrence Scotten and Rolland Siegel. The research was funded by Angeleno Medical and published this month in the Journal of Biomechanics.

"This is the only valve of its kind to be designed and built in Canada," notes Dr. Mohammadi. "We are incredibly proud of this valve as an example of the engineering innovation coming from UBC and Canada."

Dr. Mohammadi also says while mechanical heart valve replacements have long been in use, the long-standing challenge has been to perfect the technology for the smallest hearts -- tiny infants.




"What is particularly exciting about the iValve, is that it was specifically designed for high-heart-rate applications, such as in pediatric patients," explains Dr. Mohammadi.

Now that their prototype performs well in mechanical lab tests, the researchers will bring it to animal and clinical trials. If all goes well, they hope the iValve could be ready for those trials within two years.

In the meantime, they will also be using the technology and techniques to develop new valves.

"This valve is designed to allow blood flow to the aorta, which is the body's largest artery, and the blood vessel that carries oxygen-rich blood away from the heart throughout your body," explains Mohammadi. "Next, we will take what we have learned and develop one for the mitral valve. That valve is responsible for making sure that blood flows from your left atrium to your left ventricle. It also ensures that blood doesn't flow backward between those two chambers."

Heart Valve Performance Lab Manager Dr. Dylan Goode is excited about what the future holds for the iValve -- and for the benefits it could bring to patients.

Dr. Goode began working with Dr. Mohammadi in 2018 while completing his Master of Applied Science in Mechanical Engineering. Recently, he successfully defended his doctoral dissertation, which documents his design work, fabrication and testing of the iValve.

"We have shown that the iValve can provide the structural benefits of a mechanical heart valve and last a patient's lifespan while providing improved hemodynamic performance, meaning an improvement of the way in which blood flows through vessels."

Dr. Goode notes the new iValve could also mean a major improvement in lifestyle for these patients who endure a routine of regular anticoagulant therapy -- blood thinners -- which can increase their risk of severe bleeding, blood clots or damage to tissues and organs if blood flow is impeded.
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      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        Genetic tracing at the Huanan Seafood market further supports COVID animal origins
        A new study provides a list of the wildlife species present at the market from which SARS-CoV-2, the virus responsible for the COVID-19 pandemic, most likely arose in late 2019. The study is based on a new analysis of metatranscriptomic data released by the Chinese Center for Disease Control and Prevention (CDC). The data come from more than 800 samples collected in and around the Huanan Seafood Wholesale market beginning on January 1, 2020, and from viral genomes reported from early COVID-19 pat...

      

      
        Can the MIND diet lower the risk of memory problems later in life?
        People whose diet more closely resembles the MIND diet may have a lower risk of cognitive impairment, according to a new study. Results were similar for Black and white participants. These results do not prove that the MIND diet prevents cognitive impairment, they only show an association.

      

      
        Explaining dramatic planet-wide changes after world's last 'Snowball Earth' event
        Some of the most dramatic climatic events in our planet's history are 'Snowball Earth' events that happened hundreds of millions of years ago, when almost the entire planet was encased in ice up to 0.6 miles thick. New research provides a more complete picture for how the last Snowball Earth event ended, and suggests why it preceded a dramatic expansion of life on Earth, including the emergence of the first animals.

      

      
        South African rock art possibly inspired by long-extinct species
        A mysterious tusked animal depicted in South African rock art might portray an ancient species preserved as fossils in the same region, according to a new study.

      

      
        Even marine animals in untouched habitats are at risk from human impacts
        Climate change and a range of other human impacts are putting marine animals at risk of extinction -- even those living in almost pristine marine habitats and diverse coastal regions -- reports a new study.

      

      
        Sea surface temperature record in the southwestern Pacific: Coral colony from Fiji reveals warmest temperatures in over 600 years
        The sea surface temperature in the Fijian archipelago in the southwestern Pacific is now at its maximum for more than 600 years. This finding is the result of an international research team's evaluation of a new coral record providing further evidence for unprecedented warming in the western Pacific Ocean. According to this, the year 2022 was the warmest year in the region since 1370.

      

      
        Why petting your cat leads to static electricity
        Static electricity was first observed in 600 B.C., but researchers have struggled to explain how rubbing causes it. In 2019, researchers discovered nanosized surface deformations at play. The same researchers now say different electrical charges build up on the front and back parts of a sliding object, creating a current.

      

      
        Metal exposure can increase cardiovascular disease risk
        Metal exposure from environmental pollution is associated with increased calcium buildup in the coronary arteries at a level comparable to traditional risk factors, according to a new study. The findings support that metals in the body are associated with the progression of plaque buildup in the arteries and potentially provide a new strategy for managing and preventing atherosclerosis.

      

      
        Measuring how much wood a wood shuck shucks with all-new wood shuck food
        Researchers want to transform the natural and abundant resource wood into useful materials, and central to that is a molecular machine found in fungi that decomposes the complex raw material into its basic components. Researchers have come up with a test feed for the fungal molecular machine that allows them to observe its close-to-natural action, opening the door to improving it and to putting it to industrial application.

      

      
        Silencing in action: How cells 'repress' genomic remnants of ancient viruses
        It is crucial for organisms to be able to control which genes are expressed in which cells and when. Naturally occurring chemical modifications of DNA-binding histone proteins are believed to play an important role in this process; however, it had been unclear whether they play a causal role in instructing gene expression. Researchers have experimentally shown that certain histone sites act as critical control sites that help prevent the spurious activation of parts of the genome, including seque...

      

      
        Early dingoes are related to dogs from New Guinea and East Asia
        New archaeological research has discovered for the first time clear links between fossils of the iconic Australian dingo, and dogs from East Asia and New Guinea.

      

      
        Creating full-taste, reduced alcohol wine and spirits: New trial opens realm of possibilities
        A new study has successfully used porous liquids to achieve liquid-liquid separation for the first time, creating exciting potential for advancing both environmental sustainability and public health.

      

      
        Nanotechnology: DNA origami with cargo function
        Chemists present two studies that open up new possibilities for biotechnological applications.

      

      
        'Scuba-diving' lizards use bubble to breathe underwater and avoid predators
        A species of semi-aquatic lizard produces a special bubble over its nostrils to breathe underwater and avoid predators.

      

      
        Highly-sensitive beaks could help albatrosses and penguins find their food
        Researchers have discovered that seabirds, including penguins and albatrosses, have highly-sensitive regions in their beaks that could be used to help them find food. This is the first time this ability has been identified in seabirds.

      

      
        Slow-moving landslides a growing, but ignored, threat to mountain communities
        As urban centers in mountainous regions grow, more people are driven to build on steeper slopes prone to slow-moving landslides, a new study finds. Slow-moving landslides are frequently excluded from estimates of landslide risk, but they could threaten hundreds of thousands of people globally, the researchers conclude.

      

      
        Fruit flies' visual navigation tactics differ by environment
        Fruit flies use vision to head toward interesting things, but also to stay steady during flight. To accomplish this, the eyes need to fixate on the visual background while noticing objects that might indicate food or danger. Using a device that lets flies interact with a virtual environment, biologists have discovered that Mojave Desert fruit flies fixate on an object for balance and stability while also orienting toward it as an interesting resource, while common urban flies fixate on the backgr...

      

      
        Cancer cells may be using lipids to hide from the immune system
        New study demonstrates that one type of lipid is so critical for immune evasion that certain cancers cannot proliferate without them. Modulating intake of dietary lipids could open up an avenue for treatment.

      

      
        Paving the way for antivirals against Ebola virus and its deadly relatives
        Scientists share detailed, complete images of a viral structure called the Ebola virus nucleocapsid. This breakthrough may accelerate the development of antivirals that target this viral structure to combat several filoviruses at once.

      

      
        Soil footprint: a simple indicator of a crop's impact on soil erosion
        A research team proposes a method to calculate, compare and communicate how different crops affect the loss of agricultural soil, with the aim of raising awareness of this problem and promoting solutions to preserve this vital resource.

      

      
        Improved epidemic monitoring via sewage
        Analyzing wastewater has the potential to alert authorities about thousands of health threats at once, from antimicrobial resistance to cholera, according to new research.

      

      
        An unexpected result: The mammalian inner ear is a striking example of convergent evolution
        A new study reveals the surprisingly convergent evolution in the inner ear of mammals. An international research team showed that a group of highly divergent mammals known as Afrotheria and distantly related, but ecologically very similar mammals independently evolved similar inner ear shapes.

      

      
        How plant communities change when conquering uninhabited ground
        Some plants are able to take over uninhabited spaces like sand dunes, volcanic substrates and rockfall areas. The first colonizers have specific traits that allow them to grow in such hostile environments. Other plants lack such traits but will soon follow these pioneers.

      

      
        Cutting out sugar and starch is as effective for IBS as current recommendations
        Symptoms for patients with the gastrointestinal disease IBS improved as much by eating less sugar and starch as for those who followed FODMAP -- the diet currently recommended to patients. The results also show that weight loss is greater and sugar cravings are reduced among those who follow the starch and sucrose-reduced diet.

      

      
        Moving particle simulation-aided soil plasticity analysis for earth pressure balance shield tunnelling
        Understanding the relationship between plasticity of muddy soil and earth pressure can be crucial to maintaining tunnel stability and predicting ground behavior during earth pressure balance (EPB) shield tunnelling, a common underground excavation method. Researchers developed small-scale model experimentation combined with moving particle simulation-based computer-aided engineering analysis that reliably predicted soil's plasticity and its correlating factors without having to deal with the cost...

      

      
        Antarctic krill can lock away similar levels of carbon as seagrass and mangroves
        Small marine crustaceans are as valuable as key coastal habitats for storing carbon and should be similarly protected, according to new research.

      

      
        Pollen affects cloud formation and precipitation patterns
        Pollen not only plays a role in allergies, but also influences the local weather. Especially in spring, when large amounts are released, it contributes to the formation of ice in clouds, which can increase rainfall.

      

      
        The unexpected protein connection in maize growth and defense
        Recent research has revealed that a family of proteins called COI1, previously associated with defense mechanisms in other plant species like Arabidopsis and rice, primarily regulates growth in maize (corn). This finding could lead to developing more robust and productive maize varieties.

      

      
        Blackcurrant supplementing mitigates postmenopausal bone loss, study finds
        With aging comes bone density loss, especially in post-menopausal women. A new study finds that supplementing with blackcurrant can ameliorate a host of conditions, including postmenopausal bone loss and osteoporosis.

      

      
        Moderate coffee and caffeine consumption is associated with lower risk of developing multiple cardiometabolic diseases, new study finds
        Consuming moderate amounts of coffee and caffeine regularly may offer a protective effect against developing multiple cardiometabolic diseases, including type 2 diabetes, coronary heart disease and stroke, according to new research.

      

      
        In step toward solar fuels, durable artificial photosynthesis setup chains two carbons together
        A key step toward reusing CO2 to make sustainable fuels is chaining carbon atoms together, and an artificial photosynthesis system can bind two of them into hydrocarbons with field-leading performance.

      

      
        Team discovers naturally occurring DNA-protein hybrids
        Thanks to a serendipitous discovery and a lot of painstaking work, scientists can now build biohybrid molecules that combine the homing powers of DNA with the broad functional repertoire of proteins -- without having to synthesize them one by one, researchers report. Using a naturally occurring process, laboratories can harness the existing molecule-building capacities of bacteria to generate vast libraries of potentially therapeutic DNA-protein hybrid molecules.

      

      
        Scientists from 33 European countries join forces to generate reference genomes for the continent's rich biological diversity
        The European Reference Genome Atlas (ERGA) pilot project reports its success in uniting scientists from across Europe to produce high-quality reference genomes for 98 species. This marks a significant milestone in the quest to create a high-quality reference genome database for all European animals, plants and fungi.

      

      
        Beneath the brushstrokes, van Gogh's sky is alive with real-world physics
        Van Gogh's brushstrokes in 'The Starry Night' create an illusion of sky movement so convincing it led researchers to wonder how closely it aligns with the physics of real skies. Marine sciences and fluid dynamics specialists analyzed the painting to uncover what they call the hidden turbulence in the artwork. They used brushstrokes to examine the shape, energy, and scaling of atmospheric characteristics of the otherwise invisible atmosphere and used the relative brightness of the varying paint co...

      

      
        'Marine identity' can help restore the ocean
        People's deep connection with the ocean -- their 'marine identity' -- can help us reset society's relationship with the seas, new research suggests.

      

      
        Hardship early in life can affect health and longevity -- even for marmots
        The cumulative adversity index for people quantifies numerous measures of hardship, such as poverty and stress to understand health and longevity over the individual's lifespan. A similar tool could help scientists who study and want to conserve animal populations by identifying the most influential stressors to mitigate. Biologists have created the first cumulative adversity index for yellow-bellied marmots. They found that as in humans, adversity early on had lifelong consequences and reduced t...

      

      
        New species of wasp 'hidden in plain sight' discovered by researchers
        Creating a buzz, a biologist's research has led to the discovery of a new parasitic wasp species with unusual biology in the Eastern U.S., opening doors for future research in fundamental biological processes.

      

      
        Critical crops' alternative way to succeed in heat and drought
        Scientists discovered that certain plants can survive stressful, dry conditions by controlling water loss through their leaves without relying on their usual mechanism -- tiny pores known as 'stomata'.

      

      
        Using sunlight to turn two greenhouse gases into valuable chemicals
        Researchers harnessed the power of sunlight to transform two of the most harmful greenhouse gases into valuable chemicals. The discovery could help combat climate change and provide a more sustainable way to produce certain industrial products.

      

      
        Wildland firefighters hit their STRIDE
        You're a hotshot working to contain a wildfire. The conflagration jumps the fire line, forcing your crew to flee using pre-determined escape routes. At the start of the day, the crew boss estimated how long it should take to get to the safety zone. With the flames at your back, you check your watch and hope they were right. Firefighters, disaster responders, rural health care workers and professionals in myriad other fields need a tool that incorporates all aspects of a landscape's structure to e...

      

      
        Technology could boost renewable energy storage
        Renewable energy sources like wind and solar are critical to sustaining our planet, but they come with a big challenge: they don't always generate power when it's needed. To make the most of them, we need efficient and affordable ways to store the energy they produce, so we have power even when the wind isn't blowing or the sun isn't shining.

      

      
        Genomics reveals sled dogs' Siberian lineage
        New research examines thousands of years of Arctic sled dog ancestry and reveals when and how Siberian and Alaskan sled dogs' DNA mixed.

      

      
        Contrail avoidance is less likely to damage climate by mistake than previously thought, study finds
        A new study allays fears that rerouting flights to avoid forming climate-warming contrails could result in inadvertently making climate warming worse.

      

      
        Replacing ultra-processed foods in diet reduces type 2 diabetes risk
        People who eat more ultra-processed foods (UPF) are at increased risk of developing type 2 diabetes, but this risk can be lowered by consuming less processed foods instead, finds a new study.

      

      
        Therapy dog program works as needed mood-booster for health care workers, study shows
        A new study shows the mood-boosting benefits of Buckeye Paws, a therapy dog program that many health care workers say helps reduce emotional exhaustion and improve work engagement.

      

      
        Cow slime can help disc herniation patients after surgery, research shows
        Researchers have developed a gel inspired by cow slime for patients suffering from disc herniation. By adding the mucin gel immediately after surgery, it is possible to create a protective barrier around the discs to prevent the immune system from attacking their nucleus pulposus. This keeps the discs intact and reduces the risk of further damage.

      

      
        CREME AI and CRISPR in tandem
        CREME is a virtual laboratory that allows scientists to simulate specific decreases in gene activity. It offers a powerful new tool for identifying and understanding important parts of the genome. And it could one day give scientists who don't have access to real laboratories the power to make breakthrough discoveries.

      

      
        New insights into DNA organization during embryonic development
        Researchers have gained new insights into the mechanism behind the spatial organization of DNA within the cells of early embryos. When an embryo is first formed after fertilization, each cell has the potential to become any cell type of the body. The researchers have studied the spatial organization of DNA that is so particular to these early developmental stages.

      

      
        How gaps in the canopy of a floodplain influence microclimate and soil biological activity
        Canopy gaps in a mixed floodplain forest have a direct effect on forest soil temperature and moisture, but only have a minor impact on soil biological activity.

      

      
        Monoclonal antibodies offer hope for tackling antimicrobial resistance
        Monoclonal antibodies -- treatments developed by cloning a cell that makes an antibody -- could help provide an answer to the growing problem of antimicrobial resistance, say scientists.
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Genetic tracing at the Huanan Seafood market further supports COVID animal origins | ScienceDaily
A new international collaborative study provides a list of the wildlife species present at the market from which SARS-CoV-2, the virus responsible for the COVID-19 pandemic, most likely arose in late 2019. The study is based on a new analysis of metatranscriptomic data released by the Chinese Center for Disease Control and Prevention (CDC). The data come from more than 800 samples collected in and around the Huanan Seafood Wholesale market beginning on January 1, 2020, and from viral genomes reported from early COVID-19 patients. The research appears September 19 in the journal Cell.


						
"This is one of the most important datasets that exists on the origin of the COVID-19 pandemic," says co-corresponding author Florence Debarre of the French National Centre for Scientific Research (CNRS). "We're extremely grateful that the data exist and were shared."

"This paper adds another layer to the accumulating evidence that all points to the same scenario: that infected animals were introduced into the market in mid- to late November 2019, which sparked the pandemic," says co-corresponding author Kristian Andersen of Scripps Research.

"We have analyzed, in new and rigorous ways, the vitally important data that the Chinese CDC team collected," says co-corresponding author Michael Worobey of the University of Arizona. "This is an authoritative analysis of that data and how it fits in with the rest of the huge body of evidence we have about how the pandemic started."

On January 1, 2020, after the animals were removed and just hours after the market was closed, investigators from the Chinese CDC went to the market to collect samples. They swabbed the floors, walls, and other surfaces of the stalls; they came back days later to focus on surfaces in stalls selling wildlife, such as a cage and carts used to move animals, and then also collected samples from the drains and sewers.

They performed metatranscriptomic sequencing of the samples, a technique aiming to obtain all RNA sequences (and which can pick up DNA as well) from all organisms present in the samples -- viruses, bacteria, plants, animals, humans. The Chinese CDC team, led by Liu Jun, published their data and results in 2023 in the journal Nature. However, the article left unresolved the exact identities of the animal species found in the data that could represent plausible intermediate hosts. The Chinese CDC shared their sequencing data on public and open repositories.

According to the latest analysis of these data being published in Cell, SARS-CoV-2 was present in some of the same stalls as wildlife sold at the market -- including raccoon dogs (small fox-like animals with markings similar to raccoons) and civet cats (small carnivorous mammals related to mongooses and hyenas). In some cases, genetic material from the SARS-CoV-2 virus and these animals was even found on the same swabs. The exact animal species were identified by genotyping their mitochondrial genomes in the samples.




"Many of the key animal species had been cleared out before the Chinese CDC teams arrived, so we can't have direct proof that the animals were infected," Debarre says. "We are seeing the DNA and RNA ghosts of these animals in the environmental samples, and some are in stalls where SARS-CoV-2 was found too. This is what you would expect under a scenario in which there were infected animals in the market."

"These are the same sorts of animals that we know facilitated the original SARS coronavirus jumping into humans in 2002," Worobey adds. "This is the most risky thing we can do -- take wild animals that are teeming with viruses and then play with fire by bringing them into contact with humans living in the heart of big cities, whose population densities make it easy for these viruses to take hold."

The international team also performed evolutionary analysis of the earliest viral genomes reported in the pandemic, including these environmental sequences, and inferred the most likely progenitor genotypes of the virus that infected humans and led to the COVID-19 pandemic. The results imply that there were very few, if any, humans infected prior to the market outbreak. This is consistent with spillovers from animals to humans within the market. There may also have been spillovers of limited impact in the immediate upstream animal trade.

"In this paper, we show that the sequences linked to the market are consistent with a market emergence," Debarre says. "The main diversity of SARS-CoV-2 was in the market from the very beginning."

The new study landed on a short list of animal species in the wet market found co-occurring or close to viral samples that could represent the most likely intermediate hosts for SARS-CoV-2. The common raccoon dog, a species susceptible to SARS-CoV-2 and that carried SARS-CoV in 2003, was found to be the most genetically abundant animal in the samples from market wildlife stalls. Genetic material from masked palm civets, which were also associated with the earlier outbreak of SARS-CoV, was also found in a stall with SARS-CoV-2 RNA. Other species such as the Hoary bamboo rat and Malayan porcupines were also found to be present in SARS-CoV-2-positive samples, as well as a multitude of other species.

While the data cannot prove whether one or more of these animals may have been infected, the team's analyses provide a clear list of the species that most plausibly could have carried the virus and genetic information that could be used to help trace where they originated.

The investigators stress the importance of understanding the origins of the COVID-19 pandemic, especially in light of other recent spillovers, such as the spread of avian flu viruses in cattle in the United States. "There has been a lot of disinformation and misinformation about where SARS-CoV-2 originated," Worobey says. "The reason it's so important to find out is that this affects national security and public health, not just in the United States but around the world. And the truth is, since the pandemic started more than four years ago, although there has been an increased focus on lab safety, not much has been done to decrease the chance of a zoonotic scenario like this happening again."
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Can the MIND diet lower the risk of memory problems later in life? | ScienceDaily
People whose diet more closely resembles the MIND diet may have a lower risk of cognitive impairment, according to a study published in the September 18, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology. Results were similar for Black and white participants. These results do not prove that the MIND diet prevents cognitive impairment, they only show an association.


						
The MIND diet is a combination of the Mediterranean and DASH diets. It includes green leafy vegetables like spinach, kale and collard greens along with other vegetables. It recommends whole grains, olive oil, poultry, fish, beans and nuts. It prioritizes berries over other fruits and recommends one or more servings of fish per week.

"With the number of people with dementia increasing with the aging population, it's critical to find changes that we can make to delay or slow down the development of cognitive problems," said study author Russell P. Sawyer, MD, of the University of Cincinnati in Ohio and member of the American Academy of Neurology. "We were especially interested to see whether diet affects the risk of cognitive impairment in both Black and white study participants."

The study involved 14,145 people with an average age of 64. Of participants, 70% were white and 30% were Black. They were followed for an average of 10 years.

Participants filled out a questionnaire on their diet over the past year. Researchers looked at how closely the foods people were eating matched the MIND diet.

One point was given for each of the following: three or more daily servings of whole grains; six or more weekly servings of green leafy vegetables; one or more daily servings of other vegetables; two or more weekly servings of berries; one or more weekly servings of fish; two or more weekly servings of poultry; three weekly servings of beans; five daily servings of nuts; four or fewer weekly servings of red meat; one or fewer weekly servings of fast or fried foods; one or more weekly servings of olive oil; and one or fewer tablespoons of butter or margarine daily; five or fewer weekly servings of pastries and sweets; and one glass per day of wine. The total points possible was 12.

Researchers then divided participants into three groups. The low group had an average diet score of five, the middle group had an average score of seven and the high group had an average score of nine.




Thinking and memory skills were measured at the beginning and end of the study.

During the study, cognitive impairment developed in 532 people, or 12% of 4,456 people in the low diet group; in 617 people, or 11% of 5,602 people in the middle group; and in 402 people, or 10% of the 4,086 people in the high group.

After adjusting for factors such as age, high blood pressure and diabetes, researchers found people in the high group had a 4% decreased risk of cognitive impairment compared to those in the low group.

When looking at male and female participants, researchers found a 6% decreased risk of cognitive impairment for female participants who most closely followed the diet but no decreased risk for male participants.

Researchers also looked at how quickly people's thinking skills declined as they developed problems. They found that people who more closely followed the MIND diet declined more slowly than those who did not, and that association was stronger in Black participants than in white participants.

"These findings warrant further study, especially to examine these varying impacts among men and women and Black and white people, but it's exciting to consider that people could make some simple changes to their diet and potentially reduce or delay their risk of cognitive issues," said Sawyer.

A limitation of the study was it included only older Black and white people so results may not be the same for other populations.

The study was funded by the National Institute of Neurological Disorders and Stroke and the National Institute on Aging.
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Explaining dramatic planet-wide changes after world's last 'Snowball Earth' event | ScienceDaily
Some of the most dramatic climatic events in our planet's history are "Snowball Earth" events that happened hundreds of millions of years ago, when almost the entire planet was encased in ice up to 0.6 miles (1 kilometer) thick.


						
These "Snowball Earth" events have happened only a handful of times and do not occur on regular cycles. Each lasts for millions of years or tens of millions of years and is followed by dramatic warming, but the details of these transitions are poorly understood.

New research from the University of Washington provides a more complete picture for how the last Snowball Earth ended, and suggests why it preceded a dramatic expansion of life on Earth, including the emergence of the first animals.

The study recently published in Nature Communications focuses on ancient rocks known as "cap carbonates," thought to have formed as the glacial ice thawed. These rocks preserve clues to Earth's atmosphere and oceans about 640 million years ago, far earlier than what ice cores or tree rings can record.

"Cap carbonates contain information about key properties of Earth's atmosphere and ocean, such as changing levels of carbon dioxide in the air, or the acidity of the ocean," said lead author Trent Thomas, a UW doctoral student in Earth and space sciences. "Our theory now shows how these properties changed during and after Snowball Earth."

Cap carbonates are layered limestone or dolomite rocks that have a distinct chemical makeup and today are found in over 50 global locations, including Death Valley, Namibia, Siberia, Ireland and Australia. These rocks are thought to have formed as the Earth-encircling ice sheets melted, causing dramatic changes in atmospheric and ocean chemistry and depositing this unique type of sediment onto the ocean floor.

They are called "caps" because they are the caps above glacial deposits left after Snowball Earth, and "carbonates" because both limestone and dolomite are carbon-containing rocks. Understanding their formation helps explain the carbon cycle during periods of dramatic climate change. The new study, which models the environmental changes, also provides hints about the evolution of life on Earth and why more complex lifeforms followed the last Snowball Earth.




"Life on Earth was simple -- in the form of microbes, algae or other tiny aquatic organisms -- for over 2 billion years leading up to Snowball Earth," said senior author David Catling, a UW professor of Earth and space sciences. "In fact, the billion years leading up to Snowball Earth are called the 'boring billion' because so little happened. Then two Snowball Earth events occurred. And soon after, animals appear in the fossil record."

The new paper provides a framework for how the last two facts may be connected.

The study modeled chemistry and geology during three phases of Snowball Earth. First, during Snowball Earth's peak, thick ice encircling the planet reflected sunlight, but some areas of open water allowed exchange between the ocean and atmosphere. Meanwhile frigid seawater continued to react with the ocean floor.

Eventually, carbon dioxide built up in the atmosphere to the point where it trapped enough solar energy to raise global temperatures and melt the ice. This let rainfall reach the Earth, and let freshwater flow into the ocean to join a layer of glacial meltwater that floated over the denser, salty ocean water. This layered ocean slowed down ocean circulation. Later, ocean churning picked up, and mixing between the atmosphere, upper ocean, and deep ocean resumed.

"We predict important changes in the environment as Earth recovered from the Snowball period, some of which affected the temperature, acidity and circulation of the ocean. Now that we know these changes, we can more confidently figure out how they affected Earth's life," Thomas said.

Future research will explore how pockets of life that may have survived the tumult of the Snowball Earth and its aftermath could have evolved into the more complex lifeforms that followed soon after.

The research was funded by the National Science Foundation and NASA, in part by a NASA Astrobiology Program grant to the UW's Virtual Planetary Laboratory.
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South African rock art possibly inspired by long-extinct species | ScienceDaily
A mysterious tusked animal depicted in South African rock art might portray an ancient species preserved as fossils in the same region, according to a study published September 18, 2024 in the open-access journal PLOS ONE by Julien Benoit of the University of the Witwatersrand, Johannesburg, South Africa.


						
The Horned Serpent panel is a section of rock wall featuring artwork of animals and other cultural elements associated with the San people of South Africa, originally painted between 1821 and 1835. Among the painted figures is a long-bodied animal with downward-turned tusks which doesn't match any known modern species in the area. As the San people are known to have included various aspects of their surroundings into art, including fossils, Benoit suggests the tusked creature might have been inspired by an extinct species.

The Karoo Basin of South Africa is famous for abundant well-preserved fossils, including tusked animals called dicynodonts, which are often found eroding out of the ground. Benoit revisited the Horned Serpent panel and found the tusked figure comparable with dicynodont fossils, an interpretation that is also supported by San myths of large animals that once roamed the region but are now extinct. If the tusked figure is in fact an artistic interpretation of a dicynodont, a species which went extinct before dinosaurs appeared and were long extinct when humans appeared in Africa, it would predate the first scientific description of these ancient animals by at least ten years.

There is archaeological evidence that the San people might have collected fossils and incorporated them into their artwork, but the extent of indigenous knowledge of paleontology is poorly understood across Africa. Further research into indigenous cultures might shed more light on how humans around the world have incorporated fossils into their culture.

Julien Benoit adds: "The painting was made in 1835 at the latest, which means this dicynodont was depicted at least ten years before the western scientific discovery and naming of the first dicynodont by Richard Owen in 1845. This work supports that the first inhabitants of southern Africa, the San hunter-gatherers, discovered fossils, interpreted them and integrated them in their rock art and belief system."
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Even marine animals in untouched habitats are at risk from human impacts | ScienceDaily
Climate change and a range of other human impacts are putting marine animals at risk of extinction -- even those living in almost pristine marine habitats and diverse coastal regions -- reports a new study by Casey O'Hara of the National Center for Ecological Analysis and Synthesis at the University of California, Santa Barbara, USA, and colleagues, published September 18, 2024 in the open-access journal PLOS ONE.


						
Human activities on land and sea, in combination with climate change, are degrading coastal ecosystems, increasing the risk of extinction for multiple species and threatening important ecosystem services that humans depend on. To effectively address these threats, however, it is important to understand where and to what extent human-caused stressors are impacting marine ecosystems.

In a new study, researchers estimated the impact of human activities on more than 21,000 marine animal species worldwide, taking into account their exposure and vulnerability to stressors, including fishing, shipping, and land-based threats. They then mapped the impacts across the global ocean, identifying locations where climate-driven impacts overlap with other human-caused stressors.

The researchers' analysis showed that even relatively untouched habitats may still be home to species at elevated risk. Additionally, many coastal regions with a high diversity of species may be at greater risk than previously realized, based on earlier studies that focused on habitats, not species. Researchers also found that the impacts from climate change -- namely, elevated sea surface temperature and ocean acidification -- were greater than other human-caused stressors, regardless of the ecosystem studied.

Corals were the marine group most at risk overall, with molluscs including squid and octopuses, echinoderms like sea stars and sea urchins, and crustaceans such as shrimp, crabs and lobsters also deemed to be at especially high risk.

The results from this work provide a more complete understanding of which species and habitats are at risk, and where conservationists should target their efforts. The researchers hope this data can be combined with socioeconomic information to help prioritize effective, economically efficient and socially equitable conservation actions to benefit both nature and people.

Casey O'Hara adds: "Our species-focused approach helps identify spatially defined practices and activities that most affect at-risk marine species. While blanket protections such as exclusive marine reserves are effective at conserving marine biodiversity, they also can impose economic hardship on locals and provoke political opposition. We believe our work reveals opportunities for politically feasible, cost-effective targeted interventions to reduce biodiversity impacts, such as focused fishing gear restrictions, agricultural improvements to reduce nutrient runoff, and incentives for shipping speed reductions."
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Sea surface temperature record in the southwestern Pacific: Coral colony from Fiji reveals warmest temperatures in over 600 years | ScienceDaily
The sea surface temperature in the Fijian archipelago in the southwestern Pacific is now at its maximum for more than 600 years. This is the result of an international research team's evaluation of a new coral record providing further evidence for unprecedented warming in the western Pacific Ocean. According to this, the year 2022 was the warmest year in the region since 1370. The scientists used the giant coral Diploastrea heliopora colony in Fiji to obtain the data for the new reconstruction. These unique and long-lived massive corals record long-term climatic and environmental changes in their chemical composition that have shaped the reef and the giants themselves over many centuries. They are vital archives of past climate variability across the tropics, often providing a direct link to human storylines of past experiences of climate variations.


						
The team collected a more than 2-meter-long core from this colony, which is growing only 3 to 6 millimeters per year, and analyzed its skeletal chemical composition to draw conclusions on the temperature variations over the course of 627 years. This was supplemented by the results of 26 years of instrumental measurements of water temperatures. The southwestern Pacific region is a major driver of climate variability, modulating for example the El Nino-Southern Oscillation, one of the main phenomena influencing global climate, thus affecting human activities and natural ecosystems worldwide.

Corals -- living temperature sensors

The research team, co-led by Universidad Nacional Autonoma de Mexico and the University of Leicester in the UK, has thus produced what is to date the longest continuous coral Strontium/Calcium-sea surface temperature reconstruction, offering a distinct and unprecedented perspective on long-term Pacific climate swings from a key location to characterize ocean temperature gradients. Researchers from Johannes Gutenberg University Mainz (JGU) contributed to the study by supporting the annually resolved chronology of the coral record. "We used the uranium-thorium dating method to determine the age of each deposited layer. Thus, we were able to independently check and finally confirm the identification of the counting of individual annual layers. This enabled the precise and absolute dating of the coral," said Professor Denis Scholz, head of the Isotope-geochemical Palaeoclimatology / Speleothem Research group at the JGU Institute of Geosciences.

As they can live for centuries and even thousands of years, corals serve researchers as living temperature sensors -- by recording the chemical composition of the ocean around them in their skeletons, day-in and day-out. The corals act like a living temperature sensor by changing the ratio of skeletal Strontium over Calcium with lower ratios being related to higher temperatures. The study shows that the current sea surface temperature in the Fijian archipelago is highest for the past 653 years, and persistent synchronous western and central Pacific warming rates could adversely impact Pacific Island ecosystems and nations. The work also sheds new light on the interplay between ocean temperature trends across the tropical and subtropical Pacific Oceans over six centuries, revealing how late 20th century warming has become increasingly synchronized between these regions that normally oppose each other, creating important temperature gradients that are the heart of major shifts in rainfall centers across the past few centuries. Taking into account current climate model simulations, researchers expect additional drought and heavy rainfall events in certain areas of the Pacific over the further course of the 21st century. If no counteractions are taken, there will be detrimental impacts for the inhabitants of endangered Pacific islands and their ecosystems.

International collaboration spanning three continents 

The study was a collaboration of Universidad Nacional Autonoma de Mexico, Universidad Autonoma de Baja California, the University of Leicester, the University of New South Wales, Monash University, Universite de Bordeaux, the Helmholtz-Zentrum Hereon, and Johannes Gutenberg University Mainz.
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Why petting your cat leads to static electricity | ScienceDaily
Anyone who has ever pet a cat or shuffled their feet across the carpet knows that rubbing objects together generates static electricity. But an explanation for this phenomenon has eluded researchers for more than two millennia.


						
Now, Northwestern University scientists have finally uncovered the mechanics at play.

When an object slides, the front and back parts of that object experience different forces, researchers found. This difference in forces causes different electrical charges to build up on the front and back parts of the object. And the difference in electrical charges creates a current, leading to a light zap.

The study was published yesterday (Sept. 17) in the journal Nano Letters.

"For the first time, we are able to explain a mystery that nobody could before: why rubbing matters," said Northwestern's Laurence Marks, who led the study. "People have tried, but they could not explain experimental results without making assumptions that were not justified or justifiable. We now can, and the answer is surprisingly simple. Just having different deformations -- and therefore different charges -- at the front and back of something sliding leads to current."

An expert in surface structures, Marks is a professor emeritus of materials science and engineering at Northwestern's McCormick School of Engineering. Karl Olson, a Ph.D. student in Marks' research group, is the paper's first author.

Greek philosopher Thales of Miletus first reported friction-induced static electricity in 600 B.C. After rubbing amber with fur, he noticed the fur attracted dust.




"Since then, it has become clear that rubbing induces static charging in all insulators -- not just fur," Marks said. "However, this is more or less where the scientific consensus ended."

Marks and his team started to unravel the mystery in 2019. In a study published in Physical Review Letters, they reported that rubbing two materials together bends tiny protrusions on the surfaces of those materials. Those bent, deformed protrusions give rise to voltages, the researchers found.

"In 2019, we had the seed of what was going on. However, like all seeds, it needed time to grow," Marks said. "Now, it has blossomed. We developed a new model that calculates electrical current. The values for the current for a range of different cases were in good agreement with experimental results."

A concept called "elastic shear" lies at the heart of the new model. Elastic shear can occur when a material resists a sliding force. If a person pushes a plate across a table, the plate will resist sliding. As soon as the person stops pushing it, the plate stops moving. This added friction -- caused by the resistance to sliding -- causes electrical charges to move.

"Sliding and shear are intimately connected," Marks said.

Although static electricity can cause funny mishaps, like hair standing on end after going down a playground slide, it also can lead to serious problems. For example, sparks from static electricity cause industrial fires and even explosions. It also can hinder consistent dosing for powdered pharmaceuticals. With a better understanding of the mechanisms at play, researchers potentially could introduce new solutions to these issues.

"Static electricity affects life in both simple and profound ways," Marks said. "Charging grains with static electricity has a major influence on how coffee beans are ground and taste. The Earth would probably not be a planet without a key step in the clumping of particles that form planets, which occurs because of the static electricity generated by colliding grains. It's amazing how much of our lives are touched by static electricity and how much of the universe depends on it."

The study, "What puts the 'tribo' in triboelectricity," was supported by Northwestern Engineering.
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Metal exposure can increase cardiovascular disease risk | ScienceDaily
Metal exposure from environmental pollution is associated with increased calcium buildup in the coronary arteries at a level comparable to traditional risk factors like smoking and diabetes, according to a study published today in JACC, the flagship journal of the American College of Cardiology. The findings support that metals in the body are associated with the progression of plaque buildup in the arteries and potentially provide a new strategy for managing and preventing atherosclerosis.


						
"Our findings highlight the importance of considering metal exposure as a significant risk factor for atherosclerosis and CVD," said Katlyn E. McGraw, PhD, a postdoctoral research scientist at Columbia University Mailman School of Public Health and lead author of the study. "This could lead to new prevention and treatment strategies that target metal exposure."

Atherosclerosis is a condition in which the arteries become narrowed and hardened due to a buildup of plaque. This can restrict blood flow and cause clots to form. It's an underlying cause of heart attacks, strokes, and peripheral artery disease (PAD), the most common forms of cardiovascular disease (CVD). Atherosclerosis causes coronary artery calcium (CAC), which can be measured non-invasively to predict future cardiac events.

"This groundbreaking study underscores the critical associations of metal exposure from environmental pollution to cardiovascular health," said Harlan M. Krumholz, the Harold H. Hines, Jr. Professor at Yale and Editor-in-Chief of JACC. "It challenges us to broaden our approach to CVD prevention beyond traditional risk factors and to advocate for stronger environmental regulations, and it underscores the need for continued research in this critical area."

Exposure to environmental pollutants like metals is a newly recognized risk factor for CVD, but there isn't a lot of research on its association with CAC. Researchers in this study sought to determine how urinary metal levels, biomarkers of metal exposure and internal doses of metals impact CAC.

Researchers used data from the Multi-Ethnic Study of Atherosclerosis (MESA) prospective cohort, tracking 6,418 men and women aged 45-84 from diverse racial backgrounds free from clinical CVD, to measure urinary metal levels at the beginning of the study in 2000-2002. They examined non-essential (cadmium, tungsten, uranium) and essential (cobalt, copper, zinc) metals, both common in U.S. populations and associated with CVD. Widespread cadmium, tungsten, uranium, cobalt, copper, and zinc pollution occurs from agricultural and industrial uses such as fertilizers, batteries, oil production, welding, mining, and nuclear energy production. Tobacco smoke is the main source of cadmium exposure.

Results provided evidence that metal exposure may be associated with atherosclerosis over 10 years by increasing coronary calcification.




Comparing the highest to lowest quartile of urinary cadmium, CAC levels were 51% higher at baseline and 75% higher over the 10-year period. For urinary tungsten, uranium and cobalt, the corresponding CAC levels over the 10-year period were 45%, 39%, and 47% higher, respectively. For copper and zinc, the corresponding estimates dropped from 55% to 33% and from 85% to 57%, respectively, after adjustment for clinical factors.

Non-essential and essential urinary metal levels also varied by demographic characteristics. Higher urinary metal levels were seen in older participants, Chinese participants and those with less education. Participants from Los Angeles had markedly higher urinary tungsten and uranium levels, and somewhat higher cadmium, cobalt, and copper levels.

The study's analysis also considered traditional CVD risk factors such as smoking, diabetes, and LDL-cholesterol levels. The associations between metals and CAC progression were comparable in magnitude to those for traditional risk factors.

"Pollution is the greatest environmental risk to cardiovascular health," McGraw said. "Given the widespread occurrence of these metals due to industrial and agricultural activities, this study calls for heightened awareness and regulatory measures to limit exposure and protect cardiovascular health."

Limitations of the study include the unavailability of plaque transition measures in MESA, changes in exposure sources and other factors causing variability of certain measured metals, and the potential for residual and unknown confounding of time-varying exposure measurements.

In an accompanying editorial comment, Sadeer Al-Kindi, MD, Associate Director of Cardiovascular Prevention and Wellness at the Houston Methodist DeBakey Heart and Vascular Center, said the evidence of the study has important implications for public health, health equity and clinical practice.

"The field of environmental cardiovascular medicine, exemplified by this research, offers an emerging frontier in cardiovascular disease prevention and treatment," Al-Kindi said. "Addressing environmental risk factors like metal exposure will significantly reduce the global burden of cardiovascular disease and address long-standing health disparities."
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Measuring how much wood a wood shuck shucks with all-new wood shuck food | ScienceDaily
Researchers want to transform the natural and abundant resource wood into useful materials, and central to that is a molecular machine found in fungi that decomposes the complex raw material into its basic components. A Kobe University researcher and his team now were the first to come up with a test feed for the fungal molecular machine that allows them to observe its close-to-natural action, opening the door to improving it and to putting it to industrial application.


						
Biochemical engineers want to transform the abundant and renewable material wood into bioplastics, medically relevant chemicals, food additives or fuel. However, the complex structure of wood has been a major hurdle for this. The Kobe University bioengineer KOH Sangho explains, "Wood is composed of different, chemically linked materials such as lignin and hemicellulose that first need to be separated to become available as source materials." In other words, the wood needs shucking. Fungi have enzymes, tiny chemical machines, capable of doing that, but to improve and adapt them for industrial use, we need to understand how they work, and researchers did not have a suitable feed, or "substrate," for the enzyme to study its function. "As a graduate student at Shinshu University, I failed to produce the typical enzymatic reaction dynamics graph we know from the textbooks using the commonly used test substrate. I even reached out to the researcher who first found the enzyme to ask what I was doing wrong, but he replied that I wasn't doing anything wrong and that my results were typical of attempts to characterize this enzyme," Koh recounts.

Motivated by this, the fledgling bioengineer and his team created a new material that retains the key structural features of the enzyme's natural substrate while still being simple enough to allow chemical modification and computational simulation. "The key to our ability to create a suitable substrate was that we had previously found another enzyme that allowed us to create very specific hemicellulose fragments that could not be produced in any other way. Only with these fragments we could chemically synthesize a suitable test substrate," says Koh about why nobody else has been able to characterize the enzyme.

The bioengineers now published their results in the journal Biochemical and Biophysical Research Communications. Being the first team able to observe the isolated enzyme's action in a near-natural setting, they were the first to ascertain its reaction speed and affinity, essential parameters for bioengineers working on any enzyme. Koh says: "When, as a result of using the substrate I designed, the textbook-like reaction dynamics emerged, I was really happy. With this we can finally characterize the enzyme's 'true' nature, and improve and apply it industrially, too."

Their computational simulations showed what made the difference between previous attempts and their approach: So far, researchers had focused only on the specific location within the substrate where it should be cleaved and thus the test substrate they used basically only consisted of the connecting structure. However, Koh's newly synthesized substrate retains a short hemicellulose tail attached to the reaction site, and it turned out that it is this tail that the enzyme binds to when performing its role.

Now that the researchers are in possession of clear performance parameters and the reaction mechanism of the enzyme, they want to search for better alternatives in different fungi, and try to chemically modify the molecule to see how that affects its performance. In addition, the researchers think that their test substrate will also play a role in studying how this enzyme works together with others to separate the different components of wood. Koh concludes, "We think this was a significant step towards the process's industrial application to the generation of useful chemicals from the abundant natural resource."

This research was funded by the Japan Society for the Promotion of Science (grants 23K13870 and 17K07874) and the Sugiyama Sangyou Kagaku Research Foundation. It was conducted at Shinshu University in a collaboration of researchers from the National Institute of Advanced Industrial Science and Technology, Kobe University and Shinshu University.
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Silencing in action: How cells 'repress' genomic remnants of ancient viruses | ScienceDaily
For any organism to survive and thrive, its cells must strictly control which genes are active when and where. New research from EMBL Heidelberg's Noh Group and their collaborators from EMBL Australia sheds light on some of the key control sites that regulate this process, especially with respect to the activity of ancient viral sequences in the genome.


						
Our genomes are huge -- a typical human cell contains DNA with over 6 billion units of information (measured in 'base pairs'). However, this treasure trove of information poses a challenge when it comes to looking up the right information at the right time to perform a specific function. This is where epigenetic signatures come into play.

If you imagine the genome as a book, epigenetic marks are the highlights on its pages and the notes in its margins. Now, it is not always easy to know whether these marks are 'instructive' -- i.e. do they tell the cell "Here, read this" or "Don't read this"? Or are they simply marks left behind by a previous reader, indicating that that portion of the book was visited before?

It was this question that interested Kyung-Min Noh, Group Leader at EMBL Heidelberg, and her team. The researchers decided to focus on a molecule called H3.3, which belongs to a class of proteins called histones. Histones tightly bind to DNA in cells and help form its functional structure.

The H3.3 protein has a couple of spots on its tail (called K9 and K27) which are frequently chemically modified. It is hypothesised that these modifications are epigenetic marks that help the cell make decisions regarding gene expression. However, until now, it had never been experimentally proven that these are true control sites that instruct gene expression.

The researchers decided to experimentally mutate these sites, thus creating a version of H3.3 which could not be chemically modified at these spots. Considering our book analogy above, this created a protected page which could not be highlighted or marked, allowing the scientists to directly explore what the consequences of losing such marks would be.

Moreover, this system allowed the researchers to vary which page was protected, allowing them to draw comparisons between the loss of modifications at one or the other control site.




The scientists found that the mutation of these sites in mouse stem cells not only resulted in defects in cell differentiation, growth, and survival, it also caused spurious activation of genes across the genome. This included genes that should not be expressed in stem cells, such as immune system-specific genes.

This suggested that a normal function of these sites is to maintain those genes in an inactivated -- or 'repressed' -- state, allowing stem cells to remain stem cells. These effects were also different for the two control sites studied, showing that each of them plays a distinct role in gene regulation.

Upon further analysis, the researchers found that some of these regions, which are typically repressed but were activated upon mutating the histone sites, are ancient remnants of viruses that have integrated into our genomes.

"These regions are also called endogenous retroviruses (ERVs)," explained Matteo Trovato, former PhD student in the Noh group and the first author of the study, currently a postdoc at IFOM, Italy. "Throughout evolution, they have been co-opted by the host's genome to exert regulatory functions. In immune cells, for example, 30% of the enhancers (a specific type of regulatory DNA element) are derived from ERVs."

The researchers found that by modifying the K9 site in stem cells, many such 'cryptic' enhancers -- regulatory DNA regions that are normally silenced -- became active.

"Repression of these unique genomic regions is crucial for preserving the cell's gene expression program balance," said Noh. "Activation of the cryptic enhancers triggers a widespread rewiring of the gene regulatory network, ultimately impacting stem cell identity and functionality."

The study was carried out in collaboration with Chen Davidovich's group in EMBL Australia, Benjamin Garcia's lab at Washington University, St. Louis, and Judith Zaugg's team at EMBL Heidelberg. The results were recently published in the journal Nature Communications. 

"This is one of the first few studies conducted in a mammalian system showing that these histone residues play a causal role in gene regulation," said Noh. "Understanding this process could have broader implications for developmental biology and disease research, particularly in cancer and neurological disorders, where gene regulation plays an essential role."
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Early dingoes are related to dogs from New Guinea and East Asia | ScienceDaily
New archaeological research by the University of Sydney has discovered for the first time clear links between fossils of the iconic Australian dingo, and dogs from East Asia and New Guinea.


						
The remarkable findings suggest that the dingo came from East Asia via Melanesia, and challenges previous claims that it derived from pariah dogs of India or Thailand.

Previous studies used traditional morphometric analysis -- which looks at the size and shape of the animal using callipers -- to trace the dingo's ancestry to South Asia.

However, the new study, published in Nature Scientific Reports, uses sophisticated 3D scanning and geometric morphometrics on ancient dingo specimens to show clearly that they are most similar to Japanese dogs, as well as the 'singing dogs' of New Guinea and the highland wild dog of Irian Jaya.

Dr Loukas Koungoulos, a research associate in the Discipline of Archaeology at the University of Sydney, said: "The origins of this controversial Australian native animal have been heavily debated for more than a century. Our research has found the elusive first links between fossil material that suggest dingoes have evolved locally from an East Asian dog-like ancestor."

Dr Koungoulos added: "The archaeological sites at Lake Mungo and Lake Milkengay hold some of the oldest evidence of dingoes in the whole of Australia. It is incredible to see how these remarkable animals have evolved over thousands of years and gives us a greater understanding of this uniquely Australian species."

The study team -- which included Associate Professor Melanie Fillios from the University of New England and Dr Ardern Hulme-Beaman from the University of Liverpool -- looked at the remains of ancient dingoes found at Lake Mungo and Lake Milkengay in western NSW.

Associate Professor Melanie Fillios said: "Our research underscores the antiquity of dingoes, pointing to a common ancestor between dingoes and the more recent canines in Southeast Asia."

In collaboration with the Willandra Lakes Region World Heritage Area Traditional Owners, the team used radiocarbon dating to discover that some remains were over 3,000 years old.

The team also found that modern-day dingoes have evolved to become larger and leaner, standing at an average of 54cm tall compared to between 40-47cm for their ancient ancestors -- a size much closer to their contemporary relatives in Southeast Asia and Melanesia.
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Creating full-taste, reduced alcohol wine and spirits: New trial opens realm of possibilities | ScienceDaily
A world-first study has successfully used Porous Liquids to achieve liquid-liquid separation for the first time, creating exciting potential for advancing both environmental sustainability and public health.


						
The research conducted by scientists at the University of Birmingham and Queen's University Belfast discovered that Porous Liquids (PLs), meaning liquids with permanent cavities, can separate harmful or unwanted alcohols from existing aqueous mixtures.

The concept was trialled to address the major challenge within the aeronautical industry involving the commonly used, yet environmentally harmful, de-icer monoethylene glycol (MEG). MEG-watermixtures are used for de-icing, but this creates a harmful run-off posing significant risks, especially to aquatic species. Researchers were able to use Type 3 Porous Liquids to effectively absorb MEG while leaving the water behind, in some cases consuming 88% of the PL pore volume.

The discovery prompted further investigation into alternative ways this new method of liquid-liquid extraction could be used in other industries such as drinks manufacturing. The research team went on to use a non-toxic, pH-resistant PL to successfully reduce the alcohol content in wine and gin, potentiallywithout detracting from the drinks' flavour profiles.

Assistant Professor Deborah Crawford from the University of Birmingham says this discovery holds a lot of potential. She said, "Porous Liquids were invented by Professor Stuart James at Queens University Belfast more than 10 years ago, but this is the first time they have been used for a liquid-liquid extraction. As part of this research we visited airports where there are huge tanks of this MEG-water waste mixture just sitting around. No one knows what to do with it because it's too harmful to simply drain into the environment, so it's just stored. Our testing showed that these Porous Liquids can now make it possible to extract the MEG from the water.

"A similar process allowed us to reduce the level of alcohol in gin and wine creating low alcohol options whilst potentially retaining all the flavour; something which most low/no alcohol brands currently struggle with. This innovation could be a game changer for the drinks manufacturing industry as it aligns with the growing consumer demand for low-alcohol beverages that look, smell and taste like favourite drinks but minimises the less desirable after-effects. We're incredibly excited to take this concept to the next level and ultimately see it implemented."
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Nanotechnology: DNA origami with cargo function | ScienceDaily
LMU chemists present two studies that open up new possibilities for biotechnological applications.


						
In the world of nanotechnology, the development of dynamic systems that respond to molecular signals is becoming increasingly important. The DNA origami technique, whereby DNA is programmed so as to produce functional nanostructures, plays a key role in these endeavors. Teams led by LMU chemist Philip Tinnefeld have now published two studies showing how DNA origami and fluorescent probes can be used to release molecular cargo in a targeted manner.

In the journal Angewandte Chemie, the researchers report on their development of a novel DNA-origami-based sensor that can detect lipid vesicles and deliver molecular cargo to them with precision. The sensor works using single-molecule Fluorescence Resonance Energy Transfer (smFRET), which involves measuring the distance between two fluorescent molecules. The system consists of a DNA origami structure, out of which a single-stranded DNA protrudes, which has been labeled with fluorescent dye at its tip. If the DNA comes into contact with vesicles, its conformation changes. This alters the fluorescent signal, because the distance between the fluorescent label and a second fluorescent molecule on the origami structure changes. This method allows vesicles to be detected.

Sensor is transferred precisely

In a second step, the system can be used as a means of transporting molecules, with the sensing strand serving as molecular cargo that can be transferred to the vesicle. Through a further modification of the system, the researchers were also able to precisely control the transfer of the cargo.

Lipid vesicles play a key role in many cellular processes, such as molecular transport and signal transmission. As such, the ability to detect and manipulate them is particularly interesting for biotechnological applications like the development of targeted therapies. The approach laid out here could show a way to load lipid nanoparticles with a precisely defined number of molecules in applications such as vaccines. "Our system also offers promising approaches for biological research when it comes to better understanding and controlling cellular processes at the molecular level," says Tinnefeld.

Controllable conformational changes

In the second study, which was recently published in the journal Nature Communications, a second team led by Tinnefeld and Yonggang Ke (Emory University, Atlanta, Georgia) presents a DNA origami structure which undergoes a stepwise allosteric conformational change when certain DNA strands bind. Using FRET probes, the researchers were able to track this process at the molecular level and show how the reaction steps can be temporally controlled. In addition, they demonstrate how a DNA cargo can be released in a targeted manner during this process, opening up new opportunities for controlled reaction cascades.
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'Scuba-diving' lizards use bubble to breathe underwater and avoid predators | ScienceDaily
Presenting the world's smallest (and scrappiest) scuba diver: A species of semi-aquatic lizard produces a special bubble over its nostrils to breathe underwater and avoid predators, according to new research from Binghamton University, State University of New York.


						
Lindsey Swerk, an assistant research professor of biological sciences at Binghamton University, studies water anoles, a type of semi-aquatic lizard found in the tropical forests of southern Costa Rica. She had previously documented the lizards using a bubble underwater. When these lizards feel threatened by a predator, they dive underwater and breathe a bubble over their heads.

"We know that they can stay underwater for a really long time. We also know that they're pulling oxygen from this bubble of air," said Swierk. "We didn't know whether there was actually any functional role for this bubble in respiration. Is it something that lizards do that is just a side effect of their skin's properties or a respiratory reflex, or is this bubble actually allowing them to stay underwater longer than they would, say, without a bubble?"

To investigate whether the bubble serves a functional role in respiration or is merely a byproduct, Swierk applied a substance to the lizards' skin surface that would prevent bubble formation.

"Lizard skin is hydrophobic. Typically, that allows air to stick very tightly to the skin and permits this bubble to form. But when you cover the skin with an emollient, air no longer sticks to the skin surface, so the bubbles can't form," said Swierk.

Swierk recorded the number of bubbles that the lizards could produce and how long they could stay underwater, and compared them to lizards in a control group that were allowed to breathe normally. She found that the lizards in the control group could stay underwater 32% longer than those with impaired bubble formation.

"This is really significant because this is the first experiment that truly shows adaptive significance of bubbles. Rebreathing bubbles allow lizards to stay underwater longer. Before, we suspected it -- we saw a pattern -- but we didn't actually test if it served a functional role," said Swierk.




The study confirmed that the bubble helps lizards stay underwater for longer periods, providing them with a refuge from predators.

"Anoles are kind of like the chicken nuggets of the forest. Birds eat them, snakes eat them," said Swiek. "So by jumping in the water, they can escape a lot of their predators, and they remain very still underwater. They're pretty well camouflaged underwater as well, and they just stay underwater until that danger passes. We know that they can stay underwater at least about 20 minutes, but probably longer."

Going forward, Swierk wants to figure out whether lizards are using the bubble as something called a physical gill. A physical gill occurs in insects that use bubbles to breathe underwater. Insects have smaller oxygen requirements, and the amount of oxygen that diffuses from the water into the air of the bubble is enough to sustain them. Water anoles are likely too big to be supported merely by the oxygen that's diffusing into a bubble. One of Swierk's graduate students, Alexandra Martin, is testing whether a physical gill-type action is allowing lizards to spend even more time underwater by changing the oxygenation of the water and measuring its effects on lizards' dive time.

Swierk said that the research is exciting because scientists don't know much about vertebrate bubble use, which can open the door to bioinspired materials It's also just interesting to learn about a new animal behavior.

"I've had people talk to me about how much they love scuba diving and freediving, and how they're interested in how animals might do the same thing," said Swierk. "So there's a great opportunity to get people excited about science by having this relationship between what they love to do and what's evolved in nature. Even in animals that seem commonplace -- you're always finding new things."
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Highly-sensitive beaks could help albatrosses and penguins find their food | ScienceDaily
Researchers have discovered that seabirds, including penguins and albatrosses, have highly-sensitive regions in their beaks that could be used to help them find food. This is the first time this ability has been identified in seabirds.


						
An international team of researchers, led by the University of Cambridge, studied over 350 species of modern birds and found that seabirds have a high density of sensory receptors and nerves at the tip of their beaks, which has been previously identified in specialised tactile foragers such as ducks.

The researchers say this touch-sensitive region could have come from a common ancestor, and further work is needed to determine whether it serves a specific function in modern birds. Further study of their beaks and food-gathering behaviour could help conserve some of these birds, many of which are at threat of extinction. The results are reported in the journal Biology Letters.

In the same way as humans and other primates use their hands, birds use their beaks to interact with the world around them. Some birds have specialised touch-sensitive areas at the tips of their beaks to help them find food, but since this ability has not been widely studied, it's not known how the phenomenon evolved or how widespread it is.

"Many scientists had assumed most birds had touch-sensitive beaks, but we hadn't investigated it enough to know whether it's a common ability, or whether it's limited to particular families of birds," said lead author Dr Carla du Toit from Cambridge's Department of Earth Sciences.

One group that hasn't been well studied is the large group of seabirds called Austrodyptornithes, which includes albatrosses, petrels, and penguins. Since many of the bird species in this group are critically endangered, understanding how they find their food using their beaks could be a valuable tool to aid in their conservation.

Du Toit and her colleagues from the UK and South Africa conducted a study of 361 modern bird species, based on fossil and skeletal records, as well as birds that had been accidentally killed by fishing lines and nets. The team focused on the beaks of these birds, how they are constructed and connected to their nerves and blood vessels.




The researchers found that albatrosses and penguins have organs with high density sensory receptors and high concentrations of nerves in their beaks, which is more common in specialised foragers such as ducks. This is the first time that this functionality has been observed in seabirds.

"Seabirds aren't known to be tactile foragers, so it's surprising to find that they have this organ," said du Toit. "It's really exciting when you get to be the first to see something."

These touch-sensitive beaks might help seabirds find food at night or underwater, as they might enable the birds to detect tiny vibrations from potential prey. Some birds that are already known to have touch-sensitive beaks use them to detect tiny underground vibrations from worms, for example.

However, these sensitive areas could also be a 'leftover' trait from a common ancestor that doesn't have a specific function in modern birds, like the beaks of ostriches and emus. Further studies in live birds will be needed to establish the exact purpose of these touch-sensitive areas, which may also help determine how the ability evolved.

"In humans and other primates, our sensitive hands and fingers allowed us to master a huge range of environments," said du Toit. "Beaks are analogous to hands in a way, but this is the first time we've seen touch-sensitive beaks in seabirds. It's remarkable that no one has ever really studied this in detail, considering that we all learn about evolution from the beaks of Darwin's finches in school."

The researchers say their findings could potentially play a role in conserving some of these birds. Of the 22 known species of albatross, 15 are threatened with extinction and two are listed as critically endangered. One of the big threats to albatrosses is commercial longline fishing, which kills an estimated 100,000 of the birds per year, when they get tangled in the lines and drown. According to du Toit, if scientists can better understand how these birds get their food, it could be used to help protect them.

"Much further work is needed, but if albatrosses and other seabirds are able to detect vibrations from potential prey via their beaks, it could be possible to attach some sort of device to longlines that could repel them, so they are less likely to get caught," said du Toit. "Of course, the bigger threats to birds like albatrosses are climate change, rising ocean temperatures, plastic pollution and falling fish stocks, but if there's a way to reduce the risks to seabirds in even a small way, then that's incredibly valuable. These are such special birds and I've been interested in them for as long as I can remember."

The research was supported in part by the Royal Society, the Newton International Fellowship, and UK Research and Innovation (UKRI).
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Slow-moving landslides a growing, but ignored, threat to mountain communities | ScienceDaily
As urban centers in mountainous regions grow, more people are driven to build on steeper slopes prone to slow-moving landslides, a new study finds. Slow-moving landslides are frequently excluded from estimates of landslide risk, but they could threaten hundreds of thousands of people globally, the researchers conclude.


						
Slow-moving landslides can move as little as one millimeter per year and up to three meters per year. Slopes with slow-moving landslides may seem safe to settle on; the slide itself may be inconspicuous or undetected altogether.

As the slide creeps along, houses and other infrastructure can be damaged. The slow slide can accelerate abruptly, likely in response to changes in precipitation. Sudden acceleration can worsen damage and, in rare cases, lead to fatalities.

Those same slopes may be repopulated years later due to pressure from urban growth, especially when floods drive people from lower-elevation areas. Nearly 1.3 billion people live in mountainous regions, according to the IPCC, and that number is growing.

"As people migrate uphill and establish settlements on unstable slopes, a rapidly rising population is facing an unknown degree of exposure to slow landslides -- having the ground move underneath their houses," said Joaquin Vicente Ferrer, a natural hazards researcher at the University of Potsdam and lead author of the study.

The study presents the first global assessment of exposure to slow-moving landslides, which are left out of most assessments of populations exposed to landslide risk. It was published in Earth's Future, which publishes interdisciplinary research on the past, present and future of our planet and its inhabitants.

Finding slow-moving landslides

Through landslide mapping and inventory efforts, the authors compiled a new database of 7,764 large slow-moving landslides with areas of at least 0.1 square kilometers (about 25 acres) located in regions classified as "mountain risk" by the Intergovernmental Panel on Climate Change. Using this database, they explored regional and global drivers of exposure using statistical models.




Of the landslides documented, 563 -- about 7% -- are inhabited by hundreds of thousands of people. The densest settlements on slow-moving landslides were in northwestern South America and southeastern Africa. Central Asia, northeast Africa, and the Tibetan Plateau had the largest settlements exposed to slow-moving landslides. West-central Asia, and the Alai Range of Kyrgyzstan in particular, also had a high number of inhabited slow-moving landslides.

The study only looked at permanent settlements, so nomadic and refugee settlements were not included.

In all regions in the study, urban center expansion was associated with an increase in exposure to slow-moving landslides. As a city's footprint expands, new growth may be forced to occur in unsafe areas, including slopes with known slow-moving landslides. But poorer populations may have few other options, the authors point out.

Flooding and future climates

Ties between climatic drivers and slow-moving landslide activation remain uncertain, but in general, scientists think intense precipitation and swings from dry to wet conditions can trigger an acceleration in slow-moving landslides. Those factors can also increase flooding, which in turn may drive people to move to higher ground.

The study found that populations facing increased flooding tended to have more settlements on slow-moving landslides. The strength of that relationship varied regionally; western North America and southeast Africa had the strongest associations.




The study also highlighted a lack of information in poor regions with known landslide risks, such as in the Hindu-Kush Himalayas, and called for more landslide detection and mapping to improve understanding of risks in those areas.

"We highlight a need to ramp-up mapping and monitoring efforts for slow-moving landslides in the East African Rift, Hindu-Kush-Himalayas, and South American Andes to better understand what drives exposure," Ferrer said. "Despite a limited number of landslide inventories from Africa and South America, we found communities in cities are densely inhabiting slow-moving landslides there."

Even in areas with good landslide mapping, such as northern North America (i.e., Canada and Alaska) and New Zealand, settlements are located on slow-moving landslides. While these weren't included in the study, they remain important to consider, the authors said.

"Our study offers findings from a new global database of large slow-moving landslides to provide the first global estimation of slow-moving landslide exposure," Ferrer said. "With our methods, we quantify the underlying uncertainties amid disparate levels of monitoring and accessible landslide knowledge."
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Fruit flies' visual navigation tactics differ by environment | ScienceDaily
The fruit flies that hover around the apples on your counter have to navigate a cluttered environment to find that food, from the built environment and vegetation around your house to the objects in your kitchen. Desert fruit flies, not so much. They fly through a mostly barren landscape dotted with a much smaller number of relatively predictable obstacles to find cactus fruit. Nonetheless, it has long been believed that other species of fruit fly navigate and maintain balance the same way as urban fruit flies, regardless of habitat.


						
A new study contradicts that belief with the discovery that species of flies living in the two distinct visual habitats have significantly different navigation tactics. The researchers made the discovery by putting fruit flies in a contraption that let them interact with virtual objects in a manner similar to the holodeck on the TV show "Star Trek: The Next Generation."

Flying fruit flies have two jobs: to head toward interesting things, but also stay steady during flight. As in humans, vision helps them move straight and stay stable while orienting toward enticing objects. These two tasks are not complementary. Looking at interesting things interrupts the vision needed to stay stable. But the brain manages to process visual signals in such a way that the flies can accomplish both tasks.

"Visual stability is important -- try to stand on one foot with your eyes closed," said Mark Frye, the corresponding author of a paper published in Current Biology and a professor of integrative biology and physiology at UCLA. "If you want to look at interesting things, you have to briefly override the part of your vision that directs balance, and you risk falling over."

Urban fruit flies, Drosophila melanogaster, live in a rich visual environment and can stabilize the background surrounding the objects around which they need to orient themselves. But in the desert, what few objects Mojave fruit flies, Drosophila mojavensis, encounter are likely to be the ones they are interested in, such as cactuses, but they also compose the scenery they need to use to stay stable.

To test how different environments affected the balance between navigation and stability in both species, the researchers devised a system that let the flies interact with virtual objects while tracking their body and eye movements with a camera. They glued a tiny steel pin to the fly's back and connected it to a magnet suspended from the top of a round, drum-like device. Another magnet at the bottom of the drum created a magnetic field that held the pin exactly in position, while allowing the fly to rotate on the horizontal plane within the drum.

The walls of the drum were completely covered with LED lights and a computer created different moving shapes in various sizes and orientations using the lights. The fly could choose how to interact with these virtual objects. One of the objects was a vertical bar that looked like a natural feature, such as a tree trunk. This was designed to test how the fly would use the bar and background to navigate.




"We know exactly where she's looking at because we're tracking her body and head with a video camera. We also control exactly what the LED visual display is doing so we can recreate the fly's eye view of the experiment," Frye said.

The desert flies ignored the background and steered to smoothly follow the bar, centering it on their visual midline, while the urban flies did not. Desert and urban flies alike made rapid eye movements, called saccades, to follow objects that moved along a continuous path. Desert flies, however, relied more heavily on smooth fixation of the vertical bar, followed up by a flurry of saccades to catch up with fast-moving bars.

This pattern is similar to how our own eyes track moving objects.

"When our eyes track a fast-moving object, like a cow passing us by from a boring train ride, we tend to see smooth continuous eye movements, but only if the object is moving slowly relative to us. As we speed by faster, our eyes switch to rapid saccades to keep up," said Martha Rimniceanu, a doctoral candidate at UCLA and the lead author of the study. "We were excited to find different use of smooth eye movements and saccades in closely related fly species. We believe this is an adaptation for the structure of their native visual environment."

The desert flies responded to the bar moving across a stationary background by employing a 'fixate and saccade' strategy to track the bar smoothly. Urban flies smoothly fixated on the background, not the bar, and oriented toward the bar with saccades that overrode smooth stability.

"Basically, the desert flies fixate on the bar for balance and stability while also orienting toward it as an interesting object. The urban flies smoothly fixated on the background for balance, then used rapid saccades exclusively to navigate toward the bar," Frye said.

The research showed that regardless of whether two species are closely related or not, their visual environment determined their visual navigation tactics.

Fruit flies are often used in experiments probing visual perception and processing. The finding that not all species of fruit fly navigate their environment the same way expands the possibilities for what scientists can learn. Desert fruit fly visual navigation more closely resembles that of humans than the urban fruit fly does, for example, and they could be used as a model for learning more about vision in humans. The information can also be used to aid development of autonomous vehicles.

"We can tailor research to the questions we have, rather than being limited to what the fly will give us," Frye said.
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Cancer cells may be using lipids to hide from the immune system | ScienceDaily
Cancer cells seldom start off stealthy. Quite to the contrary, they announce their presence to the immune system by planting chemical red flags right on their membranes. Once alerted, the body's defenses can swoop in, destroying rogue cells before they can do much damage. Lying at the heart of this early warning system are lipids, fatty compounds previously seen by cancer biologists primarily as a fuel source for burgeoning tumors.


						
But now, a new study in Nature demonstrates that one particular lipid type is actually critical for cancer immune evasion -- so much so that certain cancer cells cannot proliferate without it. The findings confirm longstanding suspicions that not only is this lipid a key player in cancer biology (and therefore a key drug target), but also demonstrate that existing FDA-approved medications designed to stunt lipid production can galvanize the immune system against cancer.

"Cancer cells are altering how this lipid is metabolized, which in turn distorts the 'eat me' signals that malignant cells usually produce," says first author Mariluz Soula, a former graduate student in the laboratory of Kivanc Birsoy, and now a scientist Lime Therapeutics. "This paints a very different picture of the role lipids play in cancer growth."

A mysterious connection between lipids and cancer

Scientists have long known that cancer cells alter lipid metabolism, but it was generally assumed that cancer cells were gobbling up these lipids for energy -- consuming the fatty molecules to help the tumor grow and spread far beyond that of healthy cells.

"We knew from the literature that elevated lipid levels correlate with severity of cancer growth and metastasis, but it was unclear how," Soula says. The Birsoy lab, in conjunction with the laboratory of Gabriel D. Victoria, set out to answer this question by screening the genes involved in this process. They then implanted a series of cancer cells, each missing a different such gene, into mice with and without immune systems -- thereby revealing which lipids a cancer cannot live without.

The result: so-called "sphingolipids." Discovered in the late 1800s by German chemist Johann Ludwig Wilhelm Thudichum, sphingolipids were named after the enigmatic Sphinx of Greek lore because of their puzzling structure and function. Two centuries later, sphingolipids are less of a mystery. "We know that sphingolipids aren't really used for energy," Soula says. "They're mainly in the cell membrane to create scaffolding for signaling proteins."

This finding raised an intriguing possibility. Was lipid metabolism in cancer cells really just the story of hungry cells trying to consume more energy? Or was it a key part of the cancer cell's efforts to subtly manipulate cell signaling and dodge the immune system?




Toward a new therapeutic strategy

To test how sphingolipids were driving cancer growth, the team turned to an FDA-approved drug used to treat Gaucher disease -- a genetic disorder characterized by an impaired ability to break down lipids. The drug essentially blocks glycosphingolipid synthesis, and the team found that this impaired tumor growth in pancreatic, lung, and colorectal cancer models.

They also found that depleting glycosphingolipids prevented the formation of the "lipid nanodomains" that bunch signalizing molecules together on the membrane, impacting the cell's surface receptors on the cell surface in a way that made them more sensitive to an immune response. These findings suggest that cancer cells hoard glycosphingolipids in order to obscure inflammatory signals, and that disrupting glycosphingolipid production can leave cancer cells vulnerable to the immune system.

"Everyone thought of elevated lipid levels as an energy source for cancer cells to consume," Soula says. "We discovered that it's far more nuanced. Lipids are not just fuel, but a protection mechanism for cancer cells that modulates how they communicate with the immune system."

Future work will determine whether this holds true for multiple cancers. The team tested a variety of types, but found this mechanism at work in KRAS-dependent cancers (so named for the mutated oncogene that drives them). Still, the initial results could have significant clinical impact, given how aggressive many KRAS-dependent cancers, such as pancreatic cancer, tend to be. Based on their findings, the team suggests that drug and dietary interventions that stunt sphingolipid production may help increase the efficacy of existing immunotherapies.

"Diets may impact many aspects of cancer biology," Birsoy says. "We believe modulating dietary lipids may be an interesting avenue to target cancer cells' ability to evade immune cells."
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Paving the way for antivirals against Ebola virus and its deadly relatives | ScienceDaily
At this moment, the world has few tools to combat deadly filoviruses, such as Ebola and Marburg viruses. The only approved vaccine and antibody treatments protect against just one filovirus species.


						
Scientists at La Jolla Institute for Immunology (LJI) are working to guide the development of new antivirals by leading some clever enemy reconnaissance. These researchers use high-resolution imaging techniques to examine a virus's molecular structure -- and uncover where a virus is vulnerable to new therapies.

In a new Cell study, scientists in LJI's Center for Vaccine Innovation share the first detailed, complete images of a viral structure called the Ebola virus nucleocapsid. This breakthrough may accelerate the development of antivirals that target this viral structure to combat several filoviruses at once.

"A universal antiviral is the dream for stopping any kind of viral disease," says LJI Staff Scientist Reika Watanabe, Ph.D. who led the Cell study as a first author. "This study brings us a step closer to finding a universal antiviral."

Inspecting the enemy

Ebola virus relies on its nucleocapsid structure to protect and replicate its own genetic material inside host cells -- and suppress host cellular immunity. Thanks to the nucleocapsid, Ebola can turn infected host cells into virus-making factories.

For the study, Watanabe achieved a first in science -- by harnessing an imaging technique called cryo-electron tomography, she glimpsed Ebola's nucleocapsid structure at work inside actual infected cells.




At first glance, the Ebola virus nucleocapsid looks like a coiled telephone cord. Watanabe revealed the stages of coiling and compression of the coil. She also discovered that the nucleocapsid's cylindrical shape is made up of three layers. Each layer plays a different role as the virus replicates in host cells. Before LJI's imaging studies, the existence of the outer layer was entirely unknown.

Watanabe's work also shows how this outer layer is composed, and how it provides a flexible tether between the nucleocapsid and the viral membrane.

"We found that the core protein adopts different forms in the distinct layers of the nucleocapsid to play different roles. ," says LJI Professor, President & CEO Erica Ollmann Saphire, Ph.D., MBA, who served as study senior author.

Watanabe's further investigations revealed how the proteins in these layers make contact with each other during assembly in host cells -- and how the Ebola virus rearranges these proteins when nucleocapsids help form new viral particles.

"This study solves several puzzles in the field," says Saphire.

Targeting Ebola virus -- and more

As Watanabe explains, targeting the nucleocapsid spells game over for the virus. "If you don't have a nucleocapsid, nothing can happen. That's the core of the virus," she says.

In fact, the Ebola virus nucleocapsid plays such a critical role in infection that Watanabe suspects the nucleocapsid's overall structure may have stayed the same as filoviruses evolved. Scientists call this kind of crucial structural feature "conserved" when it is shared across related species.

Indeed, all pathogenic filovirus species known so far, including Ebola and Marburg virus, share a conserved nucleocapsid structure, says Watanabe. She's now leading further research to study nucleocapsid assembly more closely in Marburg virus.
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Soil footprint: a simple indicator of a crop's impact on soil erosion | ScienceDaily
A team from the Department of Agronomy proposes a method to calculate, compare and communicate how different crops affect the loss of agricultural soil, with the aim of raising awareness of this problem and promoting solutions to preserve this vital resource.


						
Agriculture faces a challenge on which the future of the planet depends, to a large extent: that of feeding a growing population through the sustainable use of natural resources, essential for producing food, but also for life on Earth. In this context, concepts such as the 'carbon footprint' and 'water footprint' arise, which refer to the amount of these resources that are invested in the production of a given good, food or service. These concepts are about the cost or impact that producing certain product has on nature, and a way of measuring whether or not their consumption is sustainable. Another concept may be added to these, this one having to do with another limited resource about which there is less awareness, but which is as essential for life as water or energy: soil, the erosion of which means lost nutrients, biodiversity and water retention capacity.

The 'soil footprint' of a food is the amount of soil that is lost during its cultivation process, and it is calculated by dividing the erosion rate by its degree of productivity. This is a term present in the 'A Soil Pact for Europe' community strategy, which has now been formally defined and applied in Spain by researchers Andres Penuela, Vanesa Garcia Gamero and Tom Vanwalleghem, with the Hydrology and Agricultural Hydraulics group of the Maria de Maeztu Unit of Excellence -- Department of Agronomy at the University of Cordoba (DAUCO). The objective, they explain, is to simplify the communication of the serious problem of soil erosion in order to involve consumers, adding them to the action network currently comprised of the scientific community, political and regulatory bodies, and the agricultural sector.

The research team's approach is as follows: if concepts such as 'water footprint' have managed to permeate society, generating awareness of the origin of food and its costs, and promoting changes in consumption habits, introducing the 'soil footprint' could contribute to the transition towards more sustainable production models that are also responsible towards this resource. It is a task in which all the agents involved must do their part: the scientific community, investigating the causes of erosion and proposing solutions; political powers, with regulations that protect the soil; and the agricultural sector, adopting responsible techniques that optimize the use of this resource. The last party that can make a difference is consumers, through their power to influence a market system. The demand for foods that do not erode soil can encourage the productive sector to adopt sustainable production models, as has already happened with food bearing ecological seals, and cruelty-free products.

Olive groves, the crop with the greatest 'soil footprint'

In addition to defining the concept and laying the foundations to measure it, the team calculated the 'soil footprint' of Spain's ten main crops, also analyzing the areas of the Peninsula where they are most problematic. The results show that the crop with the biggest soil footprint (that is, the least food production in proportion to the erosion it generates) is olive trees, followed by cherry trees, and wheat. At the opposite end are onions, potatoes and oranges, these being the crops with the smallest 'soil footprint' of all those analyzed.

The fact that the crop most harmful to Spanish soil is also one of its great economic engines, and a hallmark for the country, could be problematic, but the researchers clarify that erosion does not depend exclusively on the peculiarities of the crop, but on climatic conditions, topography and agricultural management. "The solution is not to reduce the number of olive trees, but rather to incorporate strategies that protect the soil from erosion, such as vegetation cover," said researcher Andres Penuela. Several studies have shown how this management is able to significantly curb soil erosion in Mediterranean olive groves. This would contribute to reducing this crop's 'soil footprint,' thus protecting a limited resource whose future should concern society as a whole, like water and energy already do.
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Improved epidemic monitoring via sewage | ScienceDaily
Analyzing wastewater has the potential to alert authorities about thousands of health threats at once, from antimicrobial resistance to cholera, according to new research from several European universities.


						
Under the leadership of the DTU National Food Institute, researchers from 11 European universities, institutions and knowledge organizations have developed a new method for analyzing data from wastewater monitoring. The method can help identify whether disease-causing bacteria, viruses, and antimicrobial resistance come from humans, animals, industry, or the environment. Potentially, thousands of threats can be detected simultaneously, including antimicrobial resistance and cholera bacteria, which could help prevent disease outbreaks from escalating into epidemics. The research has been published in the scientific journal Nature Communications.

The researchers analyzed samples collected over three years from seven wastewater treatment plants in five major European cities: Bologna, Budapest, Copenhagen, Rome, and Rotterdam.

"Untreated wastewater is increasingly becoming a vital source for anonymous health and disease surveillance in large urban populations. However, extracting valuable data from it is not straightforward, as the wastewater contains both known and unknown bacteria from a variety of sources, such as humans, plants, animals, rainwater, dishwashing, etc.," says corresponding author of the research paper, Assistant Professor Patrick Munk from DTU National Food Institute.

Additionally, the contents of the wastewater can vary due to seasonal temperature changes.

These challenges are what the researchers are beginning to overcome using a new computer program.

"Our research shows significant potential in metagenomics-based wastewater monitoring. While this method is more expensive than PCR testing, which proved highly effective during the COVID-19 pandemic, PCR only screens for one threat at a time. Metagenomics-based wastewater monitoring can assess thousands of threats simultaneously. Additionally, the value of each individual sample increases the more samples are collected over time, as historical data enhances the value of new analyses," says Professor Frank Aarestrup, who leads the Research Group for Genetic Epidemiology at DTU National Food Institute and co-authored the article.




A monitoring system could be envisioned that combines metagenomics-based wastewater surveillance with PCR tests for specific threats that authorities deem likely to emerge.

The study is particularly relevant because an EU directive mandates that all major European cities begin monitoring antimicrobial resistance in wastewater. In Denmark, Statens Serum Institut is leading a large European collaboration on the implementation of this wastewater monitoring.

Software arranges vast datasets into mysterious groupings

Over a three-year period, from January 2019 to November 2021, 278 wastewater samples were taken from the inlet of the seven wastewater plants and sent to DTU. The researchers then analyzed billions of DNA sequences from the samples, assembling them into genomes from thousands of bacterial species, 1,334 of which were previously unknown.

The data was analyzed using software developed by the project's Italian partner at the University of Bologna. This program identifies species that behave similarly over time and groups them.

"In the analyses, we could see that the bacteria in the wastewater clustered into very distinct groups. We began to wonder why and how the groups were formed. Initially, we thought the clusters might represent microbes collaborating with each other, but that was a dead end. Then, we investigated whether some of the groups might consist of bacteria from human feces, and that's when we hit the mark," says Patrick Munk.




Other groups turned out to be bacteria from the environment, and one group present in all the countries' treatment plants likely comes from biofilms growing on the pipes leading to the facilities.

Once the researchers identified some of the groups using the analysis software, the task became easier.

"The principle is quite simple -- certain bacteria always come from humans, and the bacteria that follow their sequences in the analysis likely come from humans as well. In this way, we can identify groups of species that follow each other over time," says Patrick Munk.

New method significantly improves success rate

The researchers have previously analyzed metagenomes but not as effectively as with the new method.

"In this new study, we identified 1,334 previously unknown bacterial species in the wastewater. Typically, when analyzing a metagenome consisting of 100 million small pieces of DNA, we could only identify the origins of about 10% of the DNA. However, in this new study, we've increased that to nearly 70% of the DNA assigned to the species from which we recovered a genome," says Patrick Munk.

The ability to detect new bacteria is essential, as these bacteria may carry previously unknown antimicrobial resistance genes, and this method could potentially reveal new sources of antimicrobial resistance.

This is an observational study where the researchers worked with data based on the bacteria that were present in the samples from the untreated wastewater, but they did not themselves adjust any variables that can affect the frequency of specific bacteria. This introduces some uncertainty, and even though many human-associated bacteria cluster together, it doesn't always happen. The next step is to create a synthetic dataset where the researchers know which bacterial species are present and actively change the conditions to observe the outcomes.

"We don't have a final success rate for this method yet, but it's clear that we're onto something significant. We need to optimize the method further to improve its accuracy," says Patrick Munk.

What is a metagenome?

All living organisms have genetic material (a genome) made of DNA. Wastewater and other samples contain many different species of microbes, including bacteria and viruses. When you extract the mixed DNA from these species, you don't just have one genome, but a metagenome. If each species' genome is like a jigsaw puzzle, then the metagenome is like a whole bunch of mixed-up jigsaw puzzles. Metagenomes can answer questions about which organisms were present and how common they were, making them a valuable tool for monitoring disease-causing bacteria and the genes that make them resistant to antibiotics. From each sample millions of DNA fragments are read, and a lot of samples can be analyzed by a supercomputer.
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An unexpected result: The mammalian inner ear is a striking example of convergent evolution | ScienceDaily
A new study reveals the surprisingly convergent evolution in the inner ear of mammals. An international research team led by Nicole Grunstra from the University of Vienna and Anne Le Maitre from the Konrad Lorenz Institute (KLI) for Evolution and Cognition Research (Klosterneuburg) showed that a group of highly divergent mammals known as Afrotheria and distantly related, but ecologically very similar mammals independently evolved similar inner ear shapes. The study has just been published in the journal Nature Communications. 


						
The vertebrate inner ear, packed inside the bony skull, is important for hearing and balance. Diversity in its complex shape among animals has long been thought to reflect adaptations to different environments and locomotor behaviors. At the same time, the shape of the inner ear also tracks evolutionary descent, with closely related species tending to have more similar inner ear shapes than distantly related species. This suggests that neutral (non-adaptive) evolution may be more important in shaping inner ear morphology than previously thought. A new study of the inner ears of a diverse group of mammals sheds new light on this issue.

Clarification through virtual 3D models

The team of evolutionary biologists and paleontologists, including researchers from the Natural History Museum Vienna, studied the shape of the inner ear in Afrotheria. This animal group consists of related mammals that are vastly different in their anatomy and habitats, including the aardvark, elephants, golden moles, hyraxes, rodent-like elephant shrews, and sea cows. The researchers compared their ear shape to other mammals that are analogous in anatomy, ecology and/or locomotor behavior, but are only very distantly related to them, such as anteaters, 'true' moles, rodents, hedgehogs, and dolphins. The team conducted X-ray microtomography on skulls housed in museum collections, from which they reconstructed virtual 3D models of the inner ear. They then compared inner ear shapes between afrotherians and their analogues and analyzed ear shape in relation to habitat and locomotion.

Independent evolution through shared selection pressure

"We found that the inner ear shape is more similar between analogous species than between non-analogous ones, even when the latter share a more recent common ancestor and are therefore more closely related," explains Nicole Grunstra, first author of the study. For example, the ear shape of sea cows is less like that of elephants or hyraxes (closely related afrotherians) and more like that of a dolphin (a much more distantly related mammal). This shape similarity corresponds to adaptations to a strictly aquatic environment. The study also found similar ear shapes in other distantly related species with the same environment or feeding strategy, for example in subterraneous species, or species living in trees. "We were also able to show that eco-morphologically similar mammals evolved similar ear shapes as an adaptation to shared ecological niches or locomotion, rather than by chance," interprets senior author Anne Le Maitre. This is strong evidence for convergent evolution, a process during which ancestrally different ear shapes independently evolve to be similar because of shared selection pressures.

Increased evolvability of the mammalian ear

The new study seemingly contradicts recent work on birds, reptiles and certain mammals that have cast doubt on the extent to which adaptive processes have shaped inner ear variation in vertebrates. One explanation is that adaptive differences in ear shape likely play out particularly strongly when comparing species with diverse ecological strategies, such as afrotherians and many other mammals. Another possible explanation is that the mammalian ear has higher 'evolvability', which is the intrinsic capacity for adaptive evolution. Among vertebrates, the mammalian ear is particularly complex. Compared to birds, crocodiles or lizards, the mammalian ear acquired several extra components through the evolutionary reduction and transformation of jaw bones and their subsequent integration into the middle ear (whereas in birds and reptiles these have remained part of the jaw). This peculiarity enables mammals to detect a much wider range of sounds, particularly high tones. Importantly, it also increases the anatomical, genetic and developmental complexity of the ear, which theory predicts widens the range of potential ear shapes that can evolve. "An increase in genetic and developmental factors of a trait gives natural selection more knobs to turn, which facilitates the evolution of different adaptations," adds co-senior author Philipp Mitterocker from the University of Vienna. This increased evolvability of the ear may have helped pave the way for adaptations to new environments and locomotor behaviors during mammalian evolution.

This study was funded by the Austrian Science Foundation (FWF).
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How plant communities change when conquering uninhabited ground | ScienceDaily
Some plants are able to take over uninhabited spaces like sand dunes, volcanic substrates and rockfall areas. The first colonizers have specific traits that allow them to grow in such hostile environments. Other plants lack such traits but will soon follow these pioneers. Ricardo Martinez-Garcia from the Center for Advanced Systems Understanding (CASUS), an institute of the Helmholtz-Zentrum Dresden-Rossendorf (HZDR), and collaborators from Spain and Brazil investigated the type of interaction between different species on these newly conquered grounds with the help of a mathematical model based on existing root physiology knowledge. Their new model connects the type of species interaction with the general availability of a scarce soil resource. It also reveals the best strategy for the pioneer who can harness a resource that is not freely available.


						
Plants interact in many different ways and very often we see that one individual is supporting another from a different species. The term experts use for that is facilitation. With symbiotic facilitation, both plants support each other. With commensalistic facilitation, the nurtured plant neither affects its benefactor positively nor negatively. The third type of facilitation is called antagonistic facilitation. Here, the nurtured partner benefits at the expense of the benefactor. The latter, for example, leaves a self-produced resource to the partner, even though he could actually use it himself. The benefactor appears to "accept" this situation: Neither a kind of defensive reaction against the removal of resources nor a complete halt to production can be observed.

"There is an ongoing debate about whether antagonistic facilitation actually exists. Our study provides a clear result: this type of interaction between plant species could occur in nature," says Dr. Ricardo Martinez-Garcia, CASUS Young Investigator and corresponding author of the study that will be published in the second October issue of the journal New Phytologist. "To prove antagonistic facilitation experimentally, requires a big effort. To begin with, it must be ruled out that this type of interaction is neither symbiotic nor commensalistic facilitation. In addition, it has to be shown that it is not a classic competition where both plants are harming each other in the fight for resources."

Plants as miners

Martinez-Garcia as well as Ciro Cabal (King Juan Carlos University, Madrid, Spain) and Gabriel A. Maciel (South American Institute for Fundamental Research, Sao Paulo, Brazil), the two lead authors of the study, focused with their modelling efforts on an example from nature where the existence of antagonistic facilitation had been suspected for a long time: pioneering plants starting to grow on uninhabited ground and other plants soon following track. Such pioneer plants can engineer their environment to increase the availability of certain scarce soil resources like nitrogen and phosphorus. Their abilities certainly help them thrive and they do not seem to be bothered by appearing opportunistic plants helping themselves at the buffet. The bottom line is that the pioneer still benefits from its special traits. From an experimental point of view, the pioneer plant example appears to be a manageable system. Nevertheless, practitioners have not yet been able to determine the type of interaction for this example with certainty. The results of the model presented here are now a strong argument for the existence of antagonistic facilitation in these pioneer areas. Of course, it stands to reason that this type of interaction probably exists not only here, but also elsewhere in nature.

"Our model also shows that plant interactions are an emergent property of resource availability," adds Cabal. "It turned out that in environments with low and intermediate resource availability antagonistic facilitation is the best strategy. This too was suggested some time ago but it was so far not backed by either experimental data or theoretical models." Consequently, the research team was not only able to provide reliable results for the general existence of this type of interaction. In fact, antagonistic facilitation is even the optimal interaction between two plant communities under some environmental conditions.

As over time the soil changes and more and more plant species flourish, the interaction between the species changes. Although the pioneer species continue to increase the availability of resources, this no longer affects the other plants due to the generally good resource situation. The phase of antagonistic facilitation is over and all plants compete against each other. Further into the future, the mining capability of the pioneer will even become a burden in this competition. The pioneers are at a disadvantage. In the end, other plant species prevail in the competition and pioneer plants are no longer to be found on the site.

How root modeling helps to explain ecological patterns

Modeling is an important tool in ecology, because it allows to test hypotheses and explore ideas that are hard to investigate in field or laboratory experiments. In these cases, computational simulations can help understanding ecological dynamics and patterns and even guide the design of field and lab experiments. In a 2020 Science paper Cabal, Martinez-Garcia and others presented a mathematical model that predicts the density and spatial distribution of roots of interacting plants. A comparison with greenhouse experiments showed great overlap with the model's prediction.

For the New Phytologist study, the 2020 root model has been extended and refined to represent the interaction of pioneer plants with their environment as well as with other plants. Among others, the model takes into account the dynamics of an in-demand soil resource (input, decay, availability for the plants, mining trait of the pioneer plants), the size and shape of the plants' root systems and the costs of growing and maintaining roots, mining the resource as well as transporting it within the plants.
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Cutting out sugar and starch is as effective for IBS as current recommendations | ScienceDaily
Symptoms for patients with the gastrointestinal disease IBS improved as much by eating less sugar and starch as for those who followed FODMAP -- the diet currently recommended to patients. The results, presented in a new study from Lund University in Sweden, also show that weight loss is greater and sugar cravings are reduced among those who follow the starch and sucrose-reduced diet.


						
Bodil Ohlsson is a professor at Lund University and consultant at Skane University Hospital. Her choice to investigate the role of sugars and starches in IBS is linked to a geneticist's discovery: a genetic variation that hinders the breakdown of sugars and starches in the gut is overrepresented among IBS patients.

"'Let's try giving these patients less sugar and starch,' we thought," says Bodil Ohlsson.

A few years ago, she led a study involving 105 people with IBS. For four weeks, they ate significantly less sugar and starch, known as the starch and sucrose-reduced diet (SSRD). In addition to sweet treats, highly processed food -- "ready meals" -- were also to be avoided. The results of that study showed that the SSRD diet greatly reduced IBS symptoms. The most common symptoms of IBS are recurring pain and tightness in the abdomen, and diarrhea and/or constipation.

The current study, now published in the scientific journal Nutrients, addresses a question that no other research has previously: how does SSRD compare to the current dietary recommendation for IBS, the FODMAP diet? FODMAP is a stricter, more regulated diet where lists of foods that are allowed/not allowed must be consistently followed. This diet also excludes gluten and lactose.

"We launched this study in 2022 to compare SSRD and Low FODMAP. One hundred and fifty-five patients diagnosed with IBS were included and randomly allocated to follow either SSRD or Low FODMAP for four weeks. They were not allowed to have been on a diet at the start of the trial, but rather ate 'everything'," says Bodil Ohlsson.

Participants in both groups had to follow the basic principles of each diet. But they chose how often or regularly they ate. In both groups, regardless of diet, IBS symptoms improved in 75-80 per cent of the patients, which according to Bodil Ohlsson "was even better than we expected." In addition, weight loss after four weeks was greater in the SSRD group. Sugar cravings also decreased the most in this group, which is positive, as IBS patients weigh more on average than healthy people, says Bodil Ohlsson.

"We wouldn't really even call SSRD a diet. It's how everyone should eat, not just those with IBS. And unlike Low FODMAP, SSRD is easy to understand and easier to follow. You can eat everything when you are invited to dinner, just less of certain things. If you rest your stomach for the rest of the week, you can indulge a little one day!" says Bodil Ohlsson.
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Moving particle simulation-aided soil plasticity analysis for earth pressure balance shield tunnelling | ScienceDaily
Understanding the relationship between plasticity of muddy soil and earth pressure can be crucial to maintaining tunnel stability and predicting ground behavior during earth pressure balance (EPB) shield tunnelling, a common underground excavation method. Researchers from Shibaura Institute of Technology developed small-scale model experimentation combined with moving particle simulation-based computer-aided engineering analysis that reliably predicted soil's plasticity and its correlating factors without having to deal with the cost and time of on-ground field analysis.


						
Infrastructures often suffer severe damage due to geotechnical hazards of both natural kinds such as floods or earthquakes and human-made ones like underground construction work and excavations. The fields of civil engineering and disaster risk management have extensively studied methods to prevent these risks and are still looking for more effective ways of avoiding large-scale deformations associated with said hazards. The advent of computer-aided simulations has provided researchers with particle-based methods such as moving particle simulation (MPS) which is a valuable tool for independent deformation analysis even in larger regions. While the method has gained popularity over the last few years, they are yet to be applied for predicting ground behavior during design or construction work.

By bringing together small-scale model experimentation and a computer-aided engineering (CAE) analysis through MPS a team of researchers from Shibaura Institute of Technology led by Professor Shinya Inazumi from the College of Engineering investigated a few mysteries around earth pressure balance (EPB) shield tunnelling in their recent study published in Tunnelling and Underground Space Technology on 21 August 2024.

EPB is a widely used method for creating tunnels that utilize the excavated muddy soil to provide support for the tunnel face which is done by using foam, slurry, or other additives to plasticize the excavated material to ensure it is impermeable to water and easily transportable.

The team recognized that despite being a popular technique not much is known about how the plasticity of muddy soil adjusted by mixing excavated soil with plasticizing additives like bentonite solution affects the earth pressure inside a tunnelling chamber. Insights into these factors can not only significantly increase the chances of avoiding ground deformations but also ensure efficient sediment management during the tunnelling process.

"Urban centres are increasingly getting reliant on underground infrastructures therefore we wanted a prediction tool that can improve the resilience of urban infrastructure while lowering the costs associated with delays and structural damage due to unstable tunnel operations by ensuring efficient management of soil plasticity," Prof. Inazumi adds, explaining the motivation behind this study. He also highlighted that since the research lab associated with the study aligns itself with the UN's sustainable development goals, they also explored the environmental footprint arising from large volumes of excavated material and the use of chemical additives such as bentonite in search of ways to improve the sustainability of construction projects.

The experimental setup consisted of a sealable soil tank simulating a chamber and descending and ascending stages of an agitation blade model that was performed by installing a twin-pair earth pressure gauge in a shield tunnelling machine. This system along with the calculations by a computer-aided analysis system based on a moving particle simulation (MPS) was able to precisely simulate the tunnelling process which included measuring the variations in earth pressure in response to plasticity variation induced by the agitation of muddy soil.

The researchers found earth pressure a trustworthy reliable indicator for analyzing soil's plasticity and correlating factors such as vane shear strength and slump value which together impact the stability of the tunnel and the operation of machinery. Backed by MPS, the CAE analysis system proposed by the team precisely reflects the experimental data, confirming its suitability for assessing and visualizing the plasticity and fluidity of muddy soil during tunnelling.

Evaluating the value of earth pressure in actual field conditions by analyzing the plasticity state of the muddy soil in different soil conditions can be both time-consuming and an expensive affair. The small-scale model experiment when combined with the computation power demonstrated in this study can be a valuable asset for optimizing EPB shield tunnelling operations and improving sediment management strategies. Thus, opening new possibilities for innovating strategies that can significantly improve the safety and efficiency of underground civil construction works especially in the urban environments.

"The results of this study can directly influence the construction of subway systems, underground utilities, and roads in densely populated urban areas by enabling controlled operations that cause less disturbance to the surrounding ground. We also hope that our proposed strategy is applied to optimize the environmental impact of the tunnelling process and improve safety protocols in areas prone to earthquakes or other geotechnical hazards," concludes Prof. Inazumi.
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Antarctic krill can lock away similar levels of carbon as seagrass and mangroves | ScienceDaily
Small marine crustaceans are as valuable as key coastal habitats for storing carbon and should be similarly protected, according to new research.


						
The study shows that a single species, Antarctic krill, store similar amounts of carbon to key 'blue carbon' habitats such as mangroves, saltmarshes and seagrasses.

However, krill are also impacted by global heating and potential overfishing, so should be considered for similar protections as other important habitats, say the researchers.

Krill are eaten by larger animals in the Southern Ocean around Antarctica such as whales, seals and penguins, but are also fished for food and fishing bait, and for use in aquaculture and dietary supplements.

Lead author Dr Emma Cavan, from the Department of Life Sciences at Imperial College London, said: "For the past decade we have been piecing together the role krill have in carbon cycling, finally resulting in this amazing finding that krill, and their poo, store similar amounts of carbon as some coastal marine plants.

"I hope this means we can now work towards conserving krill and their valuable Southern Ocean ecosystem with the same gumption as we are seagrasses and mangroves."

Published in Nature Communications, the study was led by researchers from Imperial College London in collaboration with colleagues from the University of Exeter, the UK Centre for Ecology & Hydrology, the British Antarctic Survey, the Plymouth Marine Laboratory and the Technical University of Denmark.




Co-author Dr Simeon Hill, from the British Antarctic Survey, added: "This study shows how we as people are connected to a small creature in a remote location. We benefit from its actions in removing carbon but we also affect it through our own actions which drive climate change."

Serious value

Marine life has an important role in locking carbon away from the atmosphere in ocean systems, and the term 'blue carbon' was coined over a decade ago to describe the important role of coastal marine plants in this process.

However, the ocean has other ways to store carbon, away from the coasts, and one of these is through animals like krill. Krill are small (around 6cm) but extremely numerous crustaceans that live in the Antarctic seas.

They eat phytoplankton -- microscopic plants that take carbon out of the atmosphere as they perform photosynthesis. When krill poo or moult their exoskeletons, the carbon they have absorbed sinks into the deep sea where it can stay for a very long time.

The new study shows that Antarctic krill lock at least 20 million tonnes of carbon into the deep ocean annually, which equates to $4-46 billion of storage value, depending on the price of carbon.




Co-author Professor Angus Atkinson, from Plymouth Marine Laboratory, said: "Antarctic krill are well known for being at the centre of the unique Southern Ocean ecosystem and supporting an important fishery. But this study paints another picture of krill -- on their key role in storing carbon."

Krill power

The power of krill for storing carbon comes from their huge populations, forming swarms of up to 30 trillion individuals that produce showers of large, fast-sinking faecal pellets and other waste products.

Co-author Dr Anna Belcher, based at the UK Centre for Ecology & Hydrology, added: "One of the amazing things about krill is that they form massive swarms, which can be over a kilometre in length. This drives a huge 'rain' of krill poo after feeding, making krill globally important for locking carbon away from the atmosphere. So, let's make sure we look after these amazing crustaceans!"

The study also revealed that the depths that these waste products need to reach to remain stored away for at least 100 years were surprisingly shallow (average depth 381 metres), further enhancing their potential. In combination, these factors make the carbon storage from krill similar to that from coastal blue carbon plant stores.

As Antarctic krill are being impacted by rapid polar climate change and targeted by an expanding fishery, the team say both krill populations and their habitat warrant protection to preserve this valuable carbon sink.

Valuing this ecosystem in terms of carbon storage emphasises how crucial it is to meet climate goals and work towards including carbon in conservation policies.
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Pollen affects cloud formation and precipitation patterns | ScienceDaily
Ground-based and satellite observations in the United States show that increased pollen concentrations in spring lead to more cloud ice and more precipitation -- even at temperatures between minus 15 and minus 25 degrees Celsius. "This is supported by laboratory results showing that pollen acts as an ice nucleus, influencing the freezing temperature of water in clouds and promoting precipitation," says meteorologist Dr Jan Kretzschmar, lead author of the study. Without these ice-nucleating particles (INPs), water in clouds only freezes at temperatures below minus 38 degrees Celsius. 


						
"In the Breathing Nature Cluster of Excellence project, we therefore asked whether this effect could be detected outside the laboratory, and how climate change and biodiversity loss affect it," says co-author Professor Johannes Quaas, Professor of Theoretical Meteorology at Leipzig and spokesperson of the Breathing Nature consortium.

Regional and seasonal significance

On a global scale, the effect of pollen on ice formation is relatively small compared to, for example, dust, but it is significant on a regional and seasonal scale. Particularly in spring, large amounts of pollen are released, rising into the atmosphere and entering cold air layers. Kretzschmar explains: "Because of its size, pollen stays in the atmosphere for only a short time. Our study highlights the importance of smaller pollen fragments, which are produced when pollen ruptures under humid conditions. These smaller particles remain in the air longer and, in sufficient quantities, can enter cold atmospheric layers, where they trigger ice formation."

Climate change intensifies pollen impact -- biodiversity a key factor

Anthropogenic climate change is shifting the start of the pollen season, lengthening it and increasing pollen concentrations in the air. These trends are expected to intensify by the end of the century, which could lead to more frequent and intense local precipitation.

A further aspect of the study is the importance of biodiversity. Many plant species release large amounts of pollen at the same time each spring, which affects cloud formation and the amount of ice particles in the atmosphere. These interactions require further research to better understand the role of pollen in climate evolution and to incorporate this into future climate models. "If we can correctly simulate the effect of pollen and how it interacts with the climate, we will be able to make more accurate predictions," says Kretzschmar.
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The unexpected protein connection in maize growth and defense | ScienceDaily
Maize (corn) is one of the most important staple crops in the world and has been extensively studied. Yet, many aspects of the genetic mechanisms regulating its growth and development remain unexplored. Recent research revealed that a family of proteins called COI1, previously associated with defense mechanisms in other plant species like Arabidopsis and rice, primarily regulates growth in maize. This finding could lead to developing more robust and productive maize varieties.


						
In plants, growth and defense often conflict. When a plant focuses on defending against pests or diseases, growth usually takes a backseat due to the opposing interplay between proteins that suppress defense genes, known as JAZ (jasmonate ZIM-domain), and proteins that suppress growth genes (DELLA). COI proteins are central to balancing these two processes by degrading JAZ.

The research focused on six COI proteins in maize, divided into two groups: COI1 and COI2. Mutant plants were created missing one, two, or all four COI1 proteins. However, mutants lacking both COI2 proteins could not be produced, as pollen lacking both proved lethal. This indicates that COI2 proteins play a crucial role in male reproduction and pollen development in maize.

The real surprise came from plants missing all four COI1 proteins. "These 'COI1-4x' mutants exhibited significantly reduced growth compared to wild-type maize plants," said Leila Feiz, the first and co-corresponding author of the study recently published in The Plant Cell. "This was contrary to my expectations, as COI mutations typically result in taller growth in other species like Arabidopsis and rice."

Feiz elaborated, "In C3 coi mutant plants, such as Arabidopsis, the lack of JAZ degradation by COI leads to DELLA being trapped by JAZ. This induces gibberellic acid-induced growth genes, which are usually suppressed by DELLA in the absence of gibberellic acid. Conversely, wild-type plants treated continuously with jasmonic acid grow shorter than untreated ones. This is because COI perceives jasmonic acid and degrades JAZ. The degradation activates defense genes and releases DELLA from JAZ entrapments, consequently inhibiting growth. Unlike Arabidopsis and rice COI mutants, which show a taller phenotype than their wild-types, the maize quadruple COI1 mutant exhibited shorter growth compared to its double mutants and wild-type plants."

Further analysis revealed that maize COI1 proteins may have evolved a new function: degrading DELLA proteins, which suppress plant growth. Feiz proposes that by breaking down these growth-inhibiting DELLAs, COI1 proteins enable maize to continue growing even while defending itself under high levels of jasmonic acid -- abundant in plants grown in hot and arid climates where C4 plants, such as maize and sugar cane, evolved. This novel role of COI1 in regulating DELLA levels and growth may be an adaptation that has helped maize, and possibly other C4 plants, thrive in such environments -- a driving force in C4 evolution. By decoupling growth and defense responses, maize and other C4 plants like sorghum can maintain robust growth even when facing environmental stresses that would typically limit growth.

The research project has an interesting backstory. It began nearly five years ago with a handful of single-mutant plants rescued from an abandoned project. Kevin Ahern, then a field manager and graduate student in Georg Jander's lab at the Boyce Thompson Institute, rescued them by pollinating and collecting their seeds. A few months later, Feiz, a researcher in Jander's lab, took over the mutant seeds to continue the project. Throughout this research, she collaborated with several other scientists, including Shan Wu, a postdoctoral researcher in Zhangjun Fei's lab, who helped analyze a large RNA sequencing dataset.

This study opens new possibilities for enhancing crop resilience and productivity by revealing how COI proteins interact with DELLA proteins and other components of the plant's signaling pathways. It highlights how fundamental research in plant biology can uncover fascinating evolutionary adaptations and lead to real-world agricultural advancements.

The research was funded in part by the NSF and USDA.
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Blackcurrant supplementing mitigates postmenopausal bone loss, study finds | ScienceDaily
As we age, our bones lose density and become more fragile, putting us in danger of breaks and fractures.


						
This is especially a concern among post-menopausal women who generally have much greater losses in bone density than men in their age group.

Ock Chun, professor of nutritional sciences in UConn's College of Agriculture, Health and Natural Resources (CAHNR), has been working with blackcurrant, a tart berry, for years, investigating its potential to ameliorate a host of conditions including postmenopausal bone loss and osteoporosis.

Chun previously led a study showing that in mice, blackcurrant supplements helped prevent bone density loss post-menopause. This study showed that the best time for intervention was in the transition between pre- and post-menopause before bone loss has significantly progressed.

With these findings in hand, Chun and her team wanted to see if they would translate to a human population.

They recently published their findings demonstrating blackcurrant's protective effects against bone density loss in the Journal of Nutritional Biochemistry.

The group includes nutritional sciences graduate student Briana Nosal, who is the first author on the paper, kinesiology post-doctoral researcher Staci Thornton, and Elaine Choung-Hee Lee, professor of kinesiology, as well as researchers from UConn Health and the Jackson Laboratory for Genomic Medicine.




Forty peri- and early post-menopausal participants between the ages of 45 and 60 took capsules of blackcurrant powder daily for six months. Participants were randomly assigned to either take one capsule, two capsules, or a placebo. Each capsule was 392 milligrams.

The researchers found that the supplements prevented the loss of whole-body bone mineral density. The group that took two capsules actually showed overall increases in bone mineral density at the end of the six-month trial period.

The researchers looked at changes to the gut microbiome and immune system, which interact to play a key role in bone metabolism.

They found that the blackcurrant supplements decreased levels of proteins called interleukin-1 beta and RANKL. Interleukin-1 beta stimulates the expression of RANKL which causes bone resorption and thus a decrease in bone density.

"The reduction in RANKL is important because that can cause shifts toward excessive bone resorption, so we'd want to see a decrease in that," Nosal says.

This study showed that the decrease in RANKL was directly correlated with an increase in whole body bone density after six months.




Taking the supplements also increased a bacteria found in the gut microbiome called Ruminococcus 2. This led the researchers to infer that it could be one of the bacteria driving the protective effects blackcurrant has on bones.

"It's all related, and there's a lot of research showing the gut can regulate various systems in the body," Nosal says.

These bacteria help degrade polysaccharides and fibers. This is a key function to transform the foods we eat into available energy for our bodies to use.

The researchers identified a total of four proteins that had increased expression in the group that took two supplement capsules. These could serve as potential biomarkers for the changes they observed to bone density to allow researchers or medical professionals to quickly and easily assess if the blackcurrant supplementation is benefitting bone density.

This study is especially important for peri- and early post-menopausal women who have or are at risk of developing osteoporosis. While medications for osteoporosis do exist, compliance is low due to side effects.

If blackcurrant supplements can improve bone density without the same side effects, it could prove an effective alternative for this population.

"This study shows that blackcurrant may be a potential dietary strategy to help in preventing post-menopausal osteoporosis," Nosal says.

As the group continues to study the relationship between blackcurrant and its benefits on the body, they will complete additional studies seeking to better understand why exactly they are seeing these results.

"[We want to learn] how all our findings connect to each other," Nosal says. "Conducting that multi-faceted research will really paint the picture of how everything works, the different mechanisms, and what we can do for next steps."
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Moderate coffee and caffeine consumption is associated with lower risk of developing multiple cardiometabolic diseases, new study finds | ScienceDaily


						 Consuming moderate amounts of coffee and caffeine regularly may offer a protective effect against developing multiple cardiometabolic diseases, including type 2 diabetes, coronary heart disease and stroke, according to new research published in the Endocrine Society's Journal of Clinical Endocrinology & Metabolism.

Researchers found that regular coffee or caffeine intake, especially at moderate levels, was associated with a lower risk of new-onset cardiometabolic multimorbidity (CM), which refers to the coexistence of at least two cardiometabolic diseases.

The prevalence of individuals with multiple cardiometabolic diseases, or CM, is becoming an increasing public health concern as populations age around the world, notes the study.

Coffee and caffeine consumption could play an important protective role in almost all phases of CM development, researchers found.

"Consuming three cups of coffee, or 200-300 mg caffeine, per day might help to reduce the risk of developing cardiometabolic multimorbidity in individuals without any cardiometabolic disease," said the study's lead author Chaofu Ke, M.D., Ph.D., of the Department of Epidemiology and Biostatistics, School of Public Health at Suzhou Medical College of Soochow University, in Suzhou, China.

The study found that compared with non-consumers or consumers of less than 100mg caffeine per day, consumers of moderate amount of coffee (3 drinks per day) or caffeine (200-300 mg per day) had a 48.1% or 40.7% reduced risk for new-onset CM.

Ke and his colleagues based their findings on data from the UK Biobank, a large and detailed longitudinal dietary study with over 500,000 participants aged 37-73 years. The study excluded individuals who had ambiguous information on caffeine intake. The resulting pool of participants included a total of 172,315 individuals who were free of any cardiometabolic diseases at baseline for the analyses of caffeine, and a corresponding 188,091 individuals for the analyses of coffee and tea consumption.

The participants' cardiometabolic diseases outcomes were identified from self-reported medical conditions, primary care data, linked inpatient hospital data and death registry records linked to the UK Biobank.

Coffee and caffeine intake at all levels were inversely associated with the risk of new-onset CM in participants without cardiometabolic diseases. Those who reported moderate coffee or caffeine intake had the lowest risk, the study found. Moderate coffee or caffeine intake was inversely associated with almost all developmental stages of CM.

"The findings highlight that promoting moderate amounts of coffee or caffeine intake as a dietary habit to healthy people might have far-reaching benefits for the prevention of CM," Ke said.

Addressing a Research Gap

Numerous epidemiological studies have revealed the protective effects of coffee, tea and caffeine consumption on morbidity of single cardiometabolic diseases. However, the potential effects of these beverages on the development of CM were largely unknown.

The authors reviewed the available research on this topic and found people with single cardiometabolic disease may have a two-fold higher all-cause mortality risk than those free of any cardiometabolic diseases. By contrast, the researchers found individuals with CM may have an almost 4 to 7 times higher risk of all-cause mortality. The researchers also noted that CM may present higher risks of loss of physical function and mental stress than those with single diseases.

Other study authors include: Xujia Lu, Guochen Li, Luying Wu, Liping Shao, Yulong Fan, and Chen-Wei Pan of Soochow University; Xiaohong Zhu of Suzhou Centers for Disease Control and Prevention in Suzhou, China; Ying Wu of the Southern Medical University in Guangzhou, China; and Yan Borne of Lund University in Malmo, Sweden.

The National Natural Science Foundation of China, the Project of MOE Key Laboratory of Geriatric Diseases and Immunology, and the Research on Key Technologies for the Prevention and Control of Major Diseases and Infectious Diseases in Suzhou funded the study.
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In step toward solar fuels, durable artificial photosynthesis setup chains two carbons together | ScienceDaily

The system produces ethylene with efficiency, yield and longevity well above other artificial photosynthesis systems. Ethylene is a hydrocarbon typically used in plastics, so one direct application of the system would be to harvest carbon dioxide that would otherwise be vented into the atmosphere for making plastics.

"The performance, or the activity and stability, is about five to six times better than what is typically reported for solar energy or light-driven carbon dioxide reduction to ethylene," said Zetian Mi, professor of electrical and computer engineering at the University of Michigan and corresponding author of the study in Nature Synthesis.

"Ethylene is actually the most produced organic compound in the world. But it is typically produced with oil and gas, under high temperatures and pressures, all of which emits CO2."

The long-term goal is to string longer chains of carbon and hydrogen atoms together to produce liquid fuels that can be easily transported. Part of the challenge is removing all of the oxygen from the CO2 as the carbon source and water, H2O, as the hydrogen source.

The device absorbs light through two kinds of semiconductors: a forest of gallium nitride nanowires, each just 50 nanometers (a few hundred atoms) wide, and the silicon base on which they were grown. The reaction transforming water and carbon dioxide into ethylene takes place on copper clusters, each with about 30 atoms, that dot the nanowires.

The nanowires are submerged in water enriched with carbon dioxide and exposed to light equivalent to the sun at noon. The energy from the light frees up electrons that split the water near the surface of the gallium nitride nanowires. This creates hydrogen to feed into the ethylene reaction but also oxygen that the gallium nitride absorbs to become gallium nitride oxide.




The copper is good at hanging onto the hydrogen and grabbing onto the carbon of the carbon dioxide, turning it into carbon monoxide. With the hydrogen in the mix and an injection of energy from the light, the team believes two carbon monoxide molecules bond together with the hydrogen. The reaction is believed to be completed at the interface between the copper and the gallium nitride oxide, where the two oxygen atoms are stripped off and replaced with three hydrogen atoms from splitting water.

The team found that 61% of the free electrons that the semiconductors generated with the light contributed to the reaction to produce ethylene. While a different catalyst based on silver and copper achieved a similar efficiency of roughly 50%, it needed to run in a carbon-based fluid, and it could function for only a few hours before it degraded. In contrast, the Michigan team's device ran for 116 hours without slowing down, and the team has run similar devices for 3,000 hours.

This is in part because of the synergistic relationship between the gallium nitride and the water splitting process: The addition of oxygen improves the catalyst and enables a self-healing process. The limits of the device's longevity will be explored in future work.

Finally, the device produced ethylene at a rate more than four times higher than the nearest competing systems.

"In the future, we want to produce some other multicarbon compounds such as propanol with three carbons or liquid products," said Bingxing Zhang, U-M assistant research scientist in electrical and computer engineering and first author of the paper.

Liquid fuels, which could enable many existing transportation technologies to become sustainable, are Mi's ultimate goal.
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Team discovers naturally occurring DNA-protein hybrids | ScienceDaily
Thanks to a serendipitous discovery and a lot of painstaking work, scientists can now build biohybrid molecules that combine the homing powers of DNA with the broad functional repertoire of proteins -- without having to synthesize them one by one, researchers report in a new study. Using a naturally occurring process, laboratories can harness the existing molecule-building capacities of bacteria to generate vast libraries of potentially therapeutic DNA-protein hybrid molecules.


						
The findings are detailed in the journal Nature Chemical Biology.

"Two of the most common building blocks in biology are nucleic acids -- used for making RNA and DNA -- and amino acids, which make up proteins," said University of Illinois Urbana-Champaign biochemistry professor Satish Nair, who led the study with postdoctoral researcher Zeng-Fei Pei. "We have these two sets of biological molecules that do very different things, and, for decades, chemists have been trying to integrate them into the same molecule. If you can make a complex protein and then put a nucleic acid on it that makes it go exactly where you want it to go because it will bind to specific regions of DNA or RNA, you can build a precision drug."

Such drugs can be used to interrupt various disease-promoting processes in the cell, blocking the transcription of mutated genes, for example, or binding to pathogenic noncoding RNA molecules to stall their activity, Nair said.

The initial discovery was serendipitous, he said. He and his colleagues had been looking for proteins that bind to metals when they noticed that a team at the John Innes Centre in Norwich, England, had reported on a bacteria-generated molecule of interest that appeared to be a DNA-protein hybrid.

The Illinois team contacted the Innes Centre scientists, Natalia Vior and Andrew Truman, suggesting they re-examine the molecule to determine if it was in fact what it appeared to be. Once that initial discovery was confirmed, the American and English scientists collaborated on a more in-depth analysis to discover the molecular mechanisms that formed the hybrid.

Finding a naturally occurring DNA-protein hybrid and determining how a bacterium can be induced to make it would streamline what is now a slow, labor-intensive process, Nair said.




"Lots of high-powered laboratories all over the world have been using various synthetic chemical methods to make biohybrid molecules, and that's great: They're all proof-of-concept and it works," he said. "The problem is that you can't do it at large scale. You can't make 100 million compounds because that would require you to do the chemical synthesis 100 million times."

In a series of experiments, Nair and his colleagues found that two bacterial enzymes together convert certain peptides into DNA-protein hybrids. The first enzyme, YcaO, modifies an amino acid in the peptide to convert the peptide into a ring structure like the bases that allow DNA and RNA to pair with other DNA or RNA molecules. The second enzyme is a protease that cuts off one part of the newly modified molecule, converting it into a fully functional nucleobase-protein hybrid.

The team was able to make the conversion in a test tube by adding only three ingredients: the original peptide and the two enzymes. But they also demonstrated that the process could be carried out by the bacterium E. coli.

Understanding this process will allow laboratories to create hybrid molecules that can attach to any region of the genome or any RNA molecules in cells, Nair said. Using bacteria to streamline the pipeline will speed the process of discovery.

"Now, we're off to the races," he said.

The National Institutes of Health and the Biotechnology and Biological Research Council supported this research.

Nair also is a professor of chemistry and in the Carl R. Woese Institute for Genomic Biology at the U. of I.
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Scientists from 33 European countries join forces to generate reference genomes for the continent's rich biological diversity | ScienceDaily
The European Reference Genome Atlas (ERGA) pilot project reports its success in uniting scientists from across Europe to produce high-quality reference genomes for 98 species. This marks a significant milestone in the quest to create a high-quality reference genome database for all European animals, plants and fungi. The pilot project was co-initiated in 2021 by the then ERGA chair Dr Camila Mazzoni from the Leibniz Institute for Zoo and Wildlife Research (Leibniz-IZW) with input from the entire community. This continental effort sets the stage for a new, inclusive and equitable model for biodiversity genomics, as reported in a research article published today in the journal npj Biodiversity.


						
In a new publication, the European Reference Genome Atlas (ERGA) announces the success of its pilot project. This pioneering initiative assembled a large collaborative network of scientists and institutions across 33 countries to produce high-quality reference genomes of 98 European species -- so far. The pilot project has provided valuable lessons and highlighted key challenges, positioning ERGA as a model for decentralised, inclusive and equitable biodiversity genomics initiatives around the world.

Among many of the project's milestones are the first chromosome-level genome assemblies of species from Greece, one of Europe's most biodiverse countries. Species such as the Cretan wall lizard (Podarcis cretensis) and Aristotle's catfish (Silurus aristotelis) were sampled by local scientists in Greece to produce genomes that are now openly available for anyone across the world to access and study. These are but two examples of what can be achieved by uniting an international community of biodiversity scientists, fostering collaboration between and within countries. The ERGA pilot project emphasised equity and inclusion, with the goal that genomic research and resources are accessible to all, regardless of geographical origin. For many of the participating scientists and countries, the project offered the first opportunity to actively engage in the generation of state-of-the art reference genomic resources for their native biodiversity.

The ERGA pilot project was also successful in building momentum and bringing visibility to the growing importance of biodiversity genomics in Europe and beyond. Genomic data hold immense potential to inform conservation actions for endangered species and unlock discoveries in the fields of human health, bioeconomy, biosecurity and many other applications. For example, the greater argentine (Argentina silus) is among the species sequenced by the project -- a commercially important fish species from the northern Atlantic. This new reference genome will enable scientists to make more accurate assessments of the genetic status of the species' populations, ultimately guiding management decisions to ensure that fishing practices are responsible and sustainable.

One of the species for which a high-quality reference genome is now also available for the first time is the white-tailed eagle (Haliaeetus albicilla). With this reference genome, it will be possible in future, for example, to investigate genetic disorders for which only the symptoms are currently known. This applies in particular to the so-called 'pinching-off syndrome', says bird of prey expert Dr Oliver Krone from the Leibniz-IZW. In this disease, the flight and control feathers of young white-tailed eagles are malformed and make flying impossible. The causes of this malformation of the feathers are genetic and are passed on recessively from both parent birds to the offspring. Furthermore, there are many possibilities to utilise the eagle genome for phylogenetic questions, Krone adds. For example, subpopulations could be differentiated from one another or isolated populations could be identified.

As the global scientific community strives to unlock the full potential of genomic data, the establishment of a Europe-wide collaborative network under the ERGA umbrella accelerates scientific progress and facilitates its translation into tangible benefits for biodiversity and society. Additionally, the network helps scientists at all career stages to find and share opportunities for training, partnerships and funding. The ERGA pilot project was co-initiated in early 2021 by the then ERGA chair Dr Camila Mazzoni from the Leibniz-IZW and the Berlin Center for Genomics in Biodiversity Research (BeGenDiv) who led calls with hundreds of genome scientists to set up and plan the collaborative project in an inclusive and decentralised way.

ERGA is the European node of the wider Earth BioGenome Project (EBP). In order to achieve its ambitious goal -- to sequence all eukaryotic life on Earth -- the EBP crucially needs worldwide participation and new, decentralised models of genome production. The ERGA pilot project was able to show that a fully distributed, collaborative and coordinated genome production model is not only feasible but effective -- even at a continental scale and without a central source of funding available. In fact, most of the project budget came from grassroots efforts by individual members and partnering institutions, with additional support from sequencing partners and commercial sequencing companies providing grants, discounts and in-kind contributions.




The ERGA pilot project helped to identify and address the many challenges of working at the international scale. These challenges include dealing with the legal and logistical hurdles of shipping biological samples across borders, resource disparities between countries and the search for balance between decentralisation and the need for standardisation to guarantee that only the highest possible reference genome assemblies which meet EBP metrics were produced by the project.

ERGA's decentralised approach holds great promise for the future of biodiversity genomics. The pilot project's success in building momentum and uniting researchers illustrates the power of this model. By fostering international collaboration and focusing on inclusivity and equity, ERGA is setting new standards for biodiversity genomics. The lessons learnt and the challenges identified and addressed in the pilot project will guide future efforts, promoting robust and standardised workflows and a comprehensive genomic database for species in Europe and beyond.

More information

https://www.erga-biodiversity.eu/

https://begendiv.de/
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Beneath the brushstrokes, van Gogh's sky is alive with real-world physics | ScienceDaily
Vincent van Gogh's painting "The Starry Night" depicts a swirling blue sky with yellow moon and stars. The sky is an explosion of colors and shapes, each star encapsulated in ripples of yellow, gleaming with light like reflections on water.


						
Van Gogh's brushstrokes create an illusion of sky movement so convincing it led atmospheric scientists to wonder how closely it aligns with the physics of real skies. While the atmospheric motion in the painting cannot be measured, the brushstrokes can.

In an article published this week in Physics of Fluids, by AIP Publishing, researchers specializing in marine sciences and fluid dynamics in China and France analyzed van Gogh's painting to uncover what they call the hidden turbulence in the painter's depiction of the sky.

"The scale of the paint strokes played a crucial role," author Yongxiang Huang said. "With a high-resolution digital picture, we were able to measure precisely the typical size of the brushstrokes and compare these to the scales expected from turbulence theories."

To reveal hidden turbulence, the authors used brushstrokes in the painting like leaves swirling in a funnel of wind to examine the shape, energy, and scaling of atmospheric characteristics of the otherwise invisible atmosphere. They used the relative brightness, or luminance, of the varying paint colors as a stand-in for the kinetic energy of physical movement.

"It reveals a deep and intuitive understanding of natural phenomena," Huang said. "Van Gogh's precise representation of turbulence might be from studying the movement of clouds and the atmosphere or an innate sense of how to capture the dynamism of the sky."

Their study examined the spatial scale of the painting's 14 main whirling shapes to find out if they align with the cascading energy theory that describes the kinetic energy transfer from large- to small-scale turbulent flows in the atmosphere.




They discovered the overall picture aligns with Kolmogorov's law, which predicts atmospheric movement and scale according to measured inertial energy. Drilling down to the microcosm within the paint strokes themselves, where relative brightness is diffused throughout the canvas, the researchers discovered an alignment with Batchelor's scaling, which describes energy laws in small-scale, passive scalar turbulence following atmospheric movement.

Finding both scalings in one atmospheric system is rare, and it was a big driver for their research.

"Turbulence is believed to be one of the intrinsic properties of high Reynolds flows dominated by inertia, but recently, turbulence-like phenomena have been reported for different types of flow systems at a wide range of spatial scales, with low Reynolds numbers where viscosity is more dominant," Huang said.

"It seems it is time to propose a new definition of turbulence to embrace more situations."
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'Marine identity' can help restore the ocean | ScienceDaily
People's deep connection with the ocean -- their "marine identity" -- can help us reset society's relationship with the seas, new research led by Dr Pamela Buchan, from the University of Exeter, suggests.


						
A diverse, international group of marine researchers and practitioners met to discuss marine identity -- based on testimony and photos from multiple countries.

The group included Diz Glithero of the Canadian Ocean Literacy Coalition, Dr Emma McKinley of Cardiff University who helped deliver the workshop, and others from across Europe, Africa, Indonesia, North America, and Australasia.

They found many common themes, including traditions and customs; and dependency on the ocean for recreation, livelihoods, health and sustenance.

They also found differences, such as negative ways the ocean can form part of identity -- particularly for those whose communities and livelihoods are at risk from extreme weather.

The group agreed upon a broad definition of marine identity: "An identity rooted in how the ocean as a place supports the sense of self." This is the first time that an international, cross-cultural definition of marine identity has been agreed upon.

Dr Pamela Buchan, a marine social science researcher, said: "Challenge 10 of the United Nations Decade of Ocean Science for Sustainable Development (2021-2030) calls for the restoration of society's relationship with the ocean.




"We know identity drives people more than values -- and people react to threats to their sense of self.

"As a result, marine identity could have a powerful impact on protecting and restoring the ocean.

"While many people feel deeply connected to the ocean, they may not think of this in terms of 'marine identity'."

By helping to define and raise awareness of the term, the researchers hope to promote "marine citizenship" -- people exercising their right to be involved in marine decision-making and taking responsibility for the ocean.

Dr Buchan added: "We can foster this by encouraging easy access to the ocean for everyone, from a young age.

"In the UK, for example, as an island nation, many people have a strong marine identity -- but often the sea is seen as something remote, to visit then retreat from.

"We see conservation and management of marine resources as a matter for government policy, and we do not have policies that directly enable local stewardship.

"We hope our research will help strengthen the concept of marine identity, empower people to protect the ocean, and encourage decision-makers to actively consider the relationships that people have with the sea."
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Hardship early in life can affect health and longevity -- even for marmots | ScienceDaily
Adversity early in life can have permanent health consequences for people -- even if their circumstances improve dramatically later on. Scientists use a cumulative adversity index, or CAI, which quantifies measures of hardship including poverty and stress, to understand health and longevity over the course of an individual's life. This has been helpful in identifying specific measures governments, health care providers and families can take to improve people's lives.


						
Wild animals may also experience adversity early in life, but the effect on their survival and longevity is unknown. While a similar tool could help scientists conserve animal populations by identifying the most influential stressors to mitigate, few populations have been studied over a long enough time to get the data needed to develop a CAI for that species.

UCLA biologists are changing that by creating the first cumulative adversity index for yellow-bellied marmots, based on 62 years of continuous data collection at the Rocky Mountain Biological Laboratory in Colorado. This is the second-longest study of individually marked mammals in the world. The new study, published in Ecology Letters, offers detailed steps for scientists with large datasets for other species to create their own CAI.

The index they developed identified some predictable but also surprising stressors with significant effects on marmot survival and longevity. For example, it was no surprise a late start of the growing season reduced survival because marmots must gain weight during the summer for their 7- to 8-month hibernation. But the finding that summer drought had no effect was unexpected. Predation also played a smaller-than-anticipated role. Not surprisingly, a mother's death played a large role -- but it still did even if it occurred after the pup was weaned. That may be because pups live with their mother for a full year after weaning.

To create the index, doctoral student Xochitl Ortiz-Ross selected data for female marmots born after 2001 -- when the researchers started quantifying physiological stress -- that remained in one of the studied colonies until 2019, to guarantee an accurate record of their pedigree, age and lifetime experiences. Males typically disperse while females remain in the area where they are born, so biologists can observe females during their lifespan.

This population of marmots spans a 984-foot (300-meter) elevation change that divides the population into up-valley and down-valley groups, with different environmental and demographic conditions. The scientists trap individuals in the population biweekly from spring through late summer, when the marmots are active, collecting behavioral, morphological and physiological data.

Ortiz-Ross identified the following ecological, demographic and maternal measures of adversity, all of which can affect if a pup survives its first year: late start of season; summer drought; predation pressure; large litters; male-biased litters; late weaning; poor maternal mass; high maternal stress; and maternal loss. She wanted to find out if these factors had any effect on the length of an individual's lifespan after the first year.




These variables were fed into computer models that quantified standard, mild, moderate and acute adversity. All models yielded similar results. Moderate and acute cumulative adversity decreased the odds of pup survival by 30% and 40%, respectively. Pup survival odds were significantly higher up-valley for all models, while maternal loss decreased survival odds in all models and by up to 64% in the moderate adversity model. Poor maternal mass decreased chances of survival by 77% only in the moderate adversity model, while late weaning decreased odds by 33% only in the standardized and raw models. Surprisingly, drought increased odds of survival across all but the acute adversity model, with the greatest effect observed in the moderate adversity model.

The average adult lifespan was 3.8 years, but acute CAIs tripled the risk of adverse effects on life expectancy.

"We found that a CAI effectively captures short-term survival risk in yellow-bellied marmots, and even in the long term, increased adversity early in life lowered the adult lifespan," Ortiz-Ross said. "Positive effects didn't cancel out earlier adverse ones, suggesting that adversity does accumulate in marmots and can't be fully recovered by positive experiences."

The results supported the hypothesis that a CAI can be a useful tool to evaluate the long-term survival impact of multiple early life stressors in yellow-bellied marmots.

"What we're facing in terms of biodiversity management is death by a thousand cuts. We typically study one factor at a time: humans, predators, climate and so forth," said Daniel Blumstein, co-author and professor of ecology and evolutionary biology. "But these impacts occur together and have a cumulative effect. We need a way to figure out which of these stressors -- or which combination -- has the biggest cumulative effect, and our research shows the CAI can do that for marmots."

For example, conservation plans targeting this marmot population might target the down-valley group which surprisingly, fared a little worse, and on reducing maternal mortality and improving the health of mothers. But they might not need to target reducing predation or countering the effects of summer drought; these did not turn out to be as important as expected.
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New species of wasp 'hidden in plain sight' discovered by researchers | ScienceDaily

Associate Professor Matthew Ballinger's article "Drosophila are hosts to the first described parasitoid wasp of adult flies" in the world's leading science journal highlights the discovery of a new wasp from backyard fly traps, revealing a "spectacular example of undescribed biology hidden in plain sight."

"All known parasitoid wasps of flies attack and develop inside immature life stages," he said, "and despite 200 years of research on parasitoid wasps of Drosophila and other flies, we have never come across a species that attacks the adult stage, until now."

Logan Moore, Ballinger's Ph.D. student who was the Nature article's lead author, began the project by collecting infected fruit flies from his backyard in Starkville. The team then used a combination of field collections and public data to show the new species lives across the Eastern U.S. and infects one of the most studied animals in biology, the fruit fly Drosophila melanogaster.

"Studying how parasites and pathogens influence Drosophila biology and behavior has helped researchers learn more about fundamental biological processes like immunity and reproduction," Ballinger said.

Ballinger's team collaborated with Scott Shaw, an entomologist and parasitoid wasp expert at the University of Wyoming, to formally describe the new species. Researchers also documented the wasp's complete life cycle and provided instructions for others to raise adult wasps in the laboratory.

"We're excited to learn more about the new species, and we hope other researchers will begin their own projects to better understand its infection biology, ecology and evolution in the coming years," Ballinger said, emphasizing the need for ongoing research investment in insect biodiversity and systematics.
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Critical crops' alternative way to succeed in heat and drought | ScienceDaily
Scientists have discovered that certain plants can survive stressful, dry conditions by controlling water loss through their leaves without relying on their usual mechanism -- tiny pores known as 'stomata'.


						
Nonstomatal control of transpiration in maize, sorghum, and proso millet -- all C4 crops which are critical for global food security -- gives these plants an advantage in maintaining a beneficial microclimate for photosynthesis within their leaves.

This allows the plants to absorb carbon dioxide as part of the photosynthesis and growth process, despite raised temperatures and increased atmospheric demand for water without increasing the water expenditure.

Publishing their findings in PNAS, researchers from the University of Birmingham, Australian National University, Canberra, and James Cook University, Cairns, challenge traditional understanding of plant transpiration and photosynthesis under stressful and dry growing conditions -- namely that stomata alone control leaf water loss.

Co-author Dr Diego Marquez, from the University of Birmingham, commented: "This revolutionised our understanding of plant-water relations by showing that nonstomatal control of transpiration limits water loss without compromising carbon gain -- challenging what is typically accepted as an unavoidable trade-off.

"Our findings have significant implications for plant adaptation to climate change and how crops might be grown in arid environments. Understanding this mechanism could open new avenues for improving water-use efficiency in C4 crops, which are vital for global food security."

The study confirms that C4 plants maintain reduced relative humidities in the substomatal cavity, down to 80% under vapour pressure deficit (VPD) stress, reducing water loss and highlighting a critical role of nonstomatal control in water-use efficiency.




This mechanism helps plants sustain photosynthesis by reducing water loss without significantly lowering intercellular CO2 levels for photosynthesis. This is crucial for maintaining growth and ensuring that the crops thrive.

The findings also suggest that nonstomatal control mechanisms may have evolved before the divergence of C3 and C4 photosynthetic pathways, indicating a shared evolutionary trait.

"Our research reframes understanding of water-use efficiency in C4 plants and reveals that this alternative mechanism helps plants continue to grow and capture carbon dioxide, even when atmospheric water demand is high, challenging traditional assumptions about how these plants survive droughts," added Dr Marquez.

Photosynthesis is how plants use light and carbon dioxide to make sugars for growth, using an enzyme called Rubisco. Plants use the carbon dioxide that enters through open stomata to produce sugar, whilst open stomata also let water vapour out.

While C3 plants rely only on CO2 diffusion through their stomata for carbon gain, C4 plants possess specialised leaf structures and enzymes that concentrate carbon dioxide around Rubisco, enhancing their photosynthetic performance and water-use efficiency. However, this benefit comes with a trade-off, as these plants are vulnerable to substantial photosynthesis reduction when the stomata close. Therefore, the nonstomatal mechanism is crucial in ensuring their success in controlling water loss while allowing stomata to remain open.
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Using sunlight to turn two greenhouse gases into valuable chemicals | ScienceDaily
McGill University researchers have harnessed the power of sunlight to transform two of the most harmful greenhouse gases into valuable chemicals. The discovery could help combat climate change and provide a more sustainable way to produce certain industrial products.


						
"Imagine a world where the exhaust from your car or emissions from a factory could be transformed, with the help of sunlight, into clean fuel for vehicles, the building blocks for everyday plastics, and energy stored in batteries," said co-first author Hui Su, a Postdoctoral Fellow in McGill's Department of Chemistry. "That's precisely the kind of transformation this new chemical process enables."

The research team's new light-driven chemical process converts methane and carbon dioxide into green methanol and carbon monoxide in one reaction. Both products are highly valued in the chemical and energy sectors, the researchers said.

Turning to nature for a sustainable solution

The findings, published in Nature Communications, describe a novel mechanism rooted in nature's own blueprint, similar to how photosynthesis enables plants to convert carbon dioxide and water into glucose and oxygen using sunlight.

In this chemical process, a unique mix of gold, palladium and gallium nitride acts as a catalyst. When exposed to sunlight, the substance triggers a reaction: an oxygen atom from carbon dioxide attaches to a methane molecule, producing green methanol. Carbon monoxide is created as a byproduct.

"By tapping into the abundant energy of the sun, we can essentially recycle two greenhouse gases into useful products. The process works at room temperature and doesn't require the high heat or harsh chemicals used in other chemical reactions," said lead author Chao-Jun Li, a Distinguished James McGill Professor in McGill's Department of Chemistry and a Canada Research Chair in Green/Organic Chemistry.

"This innovation offers a promising path towards Canada's target of net-zero emissions by 2050 and turns an environmental challenge into an opportunity for a more sustainable future," said co-first author Jing-Tan Han, a PhD student in McGill's Department of Chemistry.

The study was supported by the Natural Sciences and Engineering Research Council of Canada, the Canada Research Chair program, Fonds de Recherche du Quebec Nature et technologies, the Canada Foundation for Innovations, McGill University's MSSI fund, Axelys and Catalum Technologies.
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Wildland firefighters hit their STRIDE | ScienceDaily
You're a hotshot working to contain a wildfire. The conflagration jumps the fire line, forcing your crew to flee using pre-determined escape routes. At the start of the day, the crew boss estimated how long it should take to get to the safety zone. With the flames at your back, you check your watch and hope they were right.


						
Firefighters mostly rely on life-long experience and ground-level information to choose evacuation routes, with little support from digital mapping or aerial data. The tools that do exist tend to consider only a landscape's steepness when estimating the time it takes to traverse across terrain. However, running up a steep road may be quicker than navigating a flat boulder field or bushwacking through chest-high shrubs. Firefighters, disaster responders, rural health care workers and professionals in myriad other fields need a tool that incorporates all aspects of a landscape's structure to estimate travel times.

In a new study, researchers from the University of Utah introduced Simulating Travel Rates in Diverse Environments (STRIDE), the first model that incorporates ground roughness and vegetation density, in addition to slope steepness, to predict walking travel times with unprecedented accuracy.

"One of the fundamental questions in firefighter safety is mobility. If I'm in the middle of the woods and need to get out of here, what is the best way to go and how long will it take me?" said Mickey Campbell, research assistant professor in the School of Environment, Society and Sustainability (ESS) at the U and lead author of the study.

The authors analyzed airborne Light Detection and Ranging (LiDAR) data and conducted field trials to develop a remarkably simple, accurate equation that identifies the most efficient routes between any two locations in wide-ranging settings, from paved, urban environments to off-trail, forested landscapes. They found that STRIDE consistently chose routes resembling paths that person would logically seek out -- a preference for roads and trails and paths of least resistance. STRIDE also produced much more accurate travel times than the standard slope-only models that severely underestimated travel time.

"If the fire reaches a firefighter before they reach safety, the results can be deadly, as has happened in tragedies such as the 2013 Yarnell Hill fire," said Campbell. "STRIDE has the potential to not only improve firefighter evacuation but also better our understanding of pedestrian mobility across disciplines from defense to archaeology, disaster response and outdoor recreation planning."

The study published on Sept. 13, 2024, in the journal Scientific Reports.

Airborne estimates of on-the-ground travel




STRIDE is the first comprehensive model to use airborne LiDAR data to map two underappreciated factors that inhibit off-road travel -- vegetation density and ground surface roughness -- as well as steepness. LiDAR is commonly used to map the structure of a landscape from the air, Campbell explained. A LiDAR-equipped plane has sensors that shoot millions of laser pulses in all directions, which bounce back and paint a detailed map of structures on the ground. The laser pulses bounce off leaf litter, gravel, boulders, shrubs and tree canopies to build three-dimensional maps of terrain and vegetation with centimeter-level precision.

The authors compared STRIDE performance against travel rates gleaned from three field experiments, in which volunteers walked along 100-meter-transects through areas with existing LiDAR data.

"Getting travel times from a variety of volunteers allowed us to account for a range of human performance so we can make the most accurate predictions of travel rates in a diversity of environments," said coauthor Philip Dennison, professor and director of ESS.

The first field trials were in September of 2016. At the time, LiDAR datasets were relatively rare in the western U.S. Over the last decade, the U.S. Geological Society has developed LiDAR maps covering most of the country.

"When we first started looking into wildland firefighter-mobility a decade ago, there were lots of people studying how fire spreads across the landscape, but very few people were working on the problem of how firefighters move across the landscape," said Campbell, then a doctoral student in Dennison's lab at ESS. "Only by combining these two pieces of information can we truly understand how to improve firefighter safety."

That study, that published in 2017, was the first attempt to map escape routes for wildland firefighters using LiDAR. The second trial took place in August of 2023 in the central Wasatch Mountains of Utah to capture a wider set of undeveloped, off-path landscape conditions than did the first experiment, including nearly impassibly steep slopes and extremely dense vegetation. The final experiment was in January of 2024 in Salt Lake City to test the STRIDE model in an urban environment. In total, about 50 volunteers walked more than 40, 100-meter transects of highly varied terrain.




Putting it together 

The study compared STRIDE against a slope-only model to generate the most efficient routes, or the least-cost paths, in the mountains surrounding Alta Ski Resort in the Wasatch Mountains, Utah. Geographers and archaeologists have been using least-cost path modeling to simulate human movement for decades; however, to date most have relied almost exclusively on slope as the sole landscape impediment. The authors imagined a scenario in which emergency responders are planning to rescue an injured hiker. From a central point, they chose 1,000 random locations for the hiker and asked both models to find the least-cost path.

STRIDE chose established roads around the ski areas, followed trails and in some cases major ski slopes, to avoid patches of forest or dense vegetation. STRIDE reused established paths as long as possible before branching off, reinforcing the idea that STRIDE identified the routes most intuitive for somebody on the ground.

"The really cool thing is that we didn't supply the algorithm with any knowledge of existing transportation networks. It just knew to take the roads because they're smoother, not vegetated and tend to be less steep," said Campbell.

In contrast, the slope-only model had few overlapping pathways, with little regard for roads or trails. It sent rescuers through dense vegetation, dangerous scree fields and forested areas.

The authors believe that STRIDE will have an immediate impact in the real world -- they've made the STRIDE model publicly available so that anyone with LiDAR data and gumption can make their work or recreation more efficient, with a higher safety margin.

"If you don't consider the vegetation cover and ground-surface material, you're going to significantly underestimate your total travel time. The U.S. Forest Service has been really supportive of this travel rate research because they recognize the inherent value of understanding firefighter mobility," said Campbell. "That's what I love about this work. It's not just an academic exercise, but it's something that has real, tangible implications for firefighters and for professionals in so many other fields."

The authors recently used a slope-based travel rate model to update the U.S. Forest Service Ground Evacuation Time (GET) layer, which allows wildland firefighters to estimate travel time to the nearest medical facility from any location in the contiguous U.S. Campbell hopes to use STRIDE to improve GET, allowing for more accurate estimates of evacuation times.
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Technology could boost renewable energy storage | ScienceDaily
Renewable energy sources like wind and solar are critical to sustaining our planet, but they come with a big challenge: they don't always generate power when it's needed. To make the most of them, we need efficient and affordable ways to store the energy they produce, so we have power even when the wind isn't blowing or the sun isn't shining.


						
Columbia Engineering material scientists have been focused on developing new kinds of batteries to transform how we store renewable energy. In a new study published September 5 by Nature Communications, the team used K-Na/S batteries that combine inexpensive, readily-found elements -- potassium (K) and sodium (Na), together with sulfur (S) -- to create a low-cost, high-energy solution for long-duration energy storage.

"It's important that we be able to extend the length of time these batteries can operate, and that we can manufacture them easily and cheaply," said the team's leader Yuan Yang, associate professor of materials science and engineering in the Department of Applied Physics and Mathematics at Columbia Engineering. "Making renewable energy more reliable will help stabilize our energy grids, reduce our dependence on fossil fuels, and support a more sustainable energy future for all of us."

New electrolyte helps K-Na/S batteries store and release energy more efficiently

There are two major challenges with K-Na/S batteries: they have a low capacity because the formation of inactive solid K2S2 and K2S blocks the diffusion process and their operation requires very high temperatures (>250 oC) that need complex thermal management, thus increasing the cost of the process. Previous studies have struggled with solid precipitates and low capacity and the search has been on for a new technique to improve these types of batteries.

Yang's group developed a new electrolyte, a solvent of acetamide and e-caprolactam, to help the battery store and release energy. This electrolyte can dissolve K2S2 and K2S, enhancing the energy density and power density of intermediate-temperature K/S batteries. In addition, it enables the battery to operate at a much lower temperature (around 75degC) than previous designs, while still achieving almost the maximum possible energy storage capacity.

"Our approach achieves nearly theoretical discharge capacities and extended cycle life. This is very exciting in the field of intermediate-temperature K/S batteries," said the study's co-first author Zhenghao Yang, a PhD student with Yang.




Pathway to a sustainable energy future

Yang's group is affiliated with the Columbia Electrochemical Energy Center (CEEC), which takes a multiscale approach to discover groundbreaking technology and accelerate commercialization. CEEC joins together faculty and researchers from across the School of Engineering and Applied Science who study electrochemical energy with interests ranging from electrons to devices to systems. Its industry partnerships enable the realization of breakthroughs in electrochemical energy storage and conversion.

Planning to scale up

While the team is currently focused on small, coin-sized batteries, their goal is to eventually scale up this technology to store large amounts of energy. If they are successful, these new batteries could provide a stable and reliable power supply from renewable sources, even during times of low sun or wind. The team is now working on optimizing the electrolyte composition.
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Genomics reveals sled dogs' Siberian lineage | ScienceDaily
New research co-led by Cornell University examines thousands of years of Arctic sled dog ancestry and reveals when and how Siberian and Alaskan sled dogs' DNA mixed.


						
"There was a real concern from Siberian breeders -- who were mostly racing their dogs -- that they were sending out their dogs' DNA samples for analysis, more for the context of health traits, and they were getting breed ancestry information back that said their dog was not 100% Siberian husky," said Heather Huson, a former sled dog racer who is now associate professor of animal science at Cornell. "Many (ancestry tests) were saying the Siberian huskies were a certain percentage Alaskan husky or Alaskan sled dog.

The massive genomic survey of the Siberian husky has revealed that sled dogs descended from two distinct lineages of Arctic canids and originated in the northeastern Siberian Arctic generations earlier than previously thought. The study also showed that approximately half of all Siberian huskies bred for racing have introgression with European breeds.

Huson is co-corresponding author of "Comparative Population Genomics of Arctic Sled Dogs Reveals a Deep and Complex History," published in Genome Biology and Evolution. The other corresponding author is Tracy Smith, senior lecturer in the Department of Biological Sciences at the University of Maryland, Baltimore County (UMBC).

Huson said her team's findings on genomic history are an important tool in the effort to sustain ancient lineages, such as the Siberian husky, and their unique evolutionary identity.

"It was thought that there was this one Arctic lineage," Huson said, "but what we identified was that there are these two. One leads to our modern Siberian husky -- smaller body size and stature -- and the other one leads to this larger body size and to what we see now as Greenland sled dogs, and potentially the Alaskan malamutes."

Understanding the genomic history is essential, the authors wrote, for developing effective policies and best practices for breed management.




"The more genetic diversity you have, generally the better your genetic health," Huson said. "The slightly admixed racing Siberian huskies bring this genetic diversity to the population yet confound the original Arctic lineage which produced early Siberian huskies."

For their research, researchers collected and analyzed DNA samples (or genomic data) from 344 dogs -- mostly registered Siberian huskies but also Alaskan malamutes, Alaskan sled dogs, Chukotka sled dogs and one each of German shepherd, golden retriever, German shorthaired pointer, Samoyed and Saluki.

The researchers found that at least two distinct lineages of Arctic dogs existed in ancient Eurasia at the end of the Pleistocene era, which ended approximately 11,700 years ago. This finding pushes back significantly the origin of sled dogs in the northeast Siberian Arctic, "with humans likely intentionally selecting dogs to perform different functions," the authors wrote. That kept concurrent breeding populations relatively reproductively isolated.

This work was supported by funding from UMBC, Neogen Genomics and the Siberian Husky Club of America.
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Contrail avoidance is less likely to damage climate by mistake than previously thought, study finds | ScienceDaily
A new study allays fears that rerouting flights to avoid forming climate-warming contrails could result in inadvertently making climate warming worse.


						
Researchers from Sorbonne Universite and the University of Reading found that for most flights that form contrails in the North Atlantic, the climate benefit of avoiding the contrail outweighs the extra carbon dioxide emitted from flying a different route.

Contrail avoidance requires comparing the climate impacts of carbon dioxide and contrails, called CO2 equivalence. Different methods have been proposed, and the choice of which has been largely political. Scientists feared that some choices could be misleading, making avoidance seem beneficial for climate when it is in fact damaging.

The study, published today (Sunday, 15 September) in Atmospheric Chemistry and Physics, finds that for a large majority of North Atlantic flights, contrail avoidance would benefit climate regardless of the choice of CO2 equivalence.

Contrails explained

Contrails -- the white lines left behind planes in the sky -- can trap heat in the atmosphere and contribute to global warming.

The new study builds on previous research that suggested planes could be rerouted to avoid contrail formation, potentially reducing climate impact. However, the benefits of avoiding contrails against the drawbacks of extra CO2 emissions were unclear.




Prof Nicolas Bellouin, co-author at the University of Reading, said: "Rerouting flights to avoid contrails could in theory reduce the climate impact of aviation and make air travel more sustainable. Our findings lift a major obstacle against implementing contrail avoidance, but we now need better forecasting and real-world trials to make this work in practice."

The new findings show that regardless of how the trade-off between contrail avoidance and increased CO2 emissions is measured, rerouting rarely worsens climate effects unintentionally. The study looked at nearly half a million flights over the North Atlantic in 2019 to estimate how much warming was caused by the carbon dioxide emissions from these flights and any contrails they formed.

The researchers first examined how current flight routes would warm the world over time. They estimate that the CO2 emissions and contrails from these flights will have warmed the climate by about 17 microKelvins (mK) in 2039, 20 years later, and 14 mK in 2119, 100 years later. A microKelvin is a very tiny unit of temperature change.

Then the researchers imagined a situation where planes could avoid all contrails by using just 1% more fuel. In this case, the total warming would decrease significantly. By 2039, warming would be reduced by about 5 mK, which is 29% less than without rerouting. By 2119, it would be about 2 mK (14%) less.

The researchers used nine different ways to measure climate impact. In most cases, all these methods agreed that rerouting flights would be good for the climate, as long as the planes successfully avoid contrails as predicted.

The researchers emphasise that there is still much uncertainty in predicting exactly where contrails will form and how much warming they cause. They suggest focusing initial rerouting efforts on flights that form the most warming contrails, where the climate benefit is clearest.
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Replacing ultra-processed foods in diet reduces type 2 diabetes risk | ScienceDaily
People who eat more ultra-processed foods (UPF) are at increased risk of developing type 2 diabetes, but this risk can be lowered by consuming less processed foods instead, finds a new study led by researchers at UCL.


						
The study, published in The Lancet Regional Health -- Europe in collaboration with experts at the University of Cambridge and Imperial College London, investigated the relationship between the degree of food processing and type 2 diabetes risk, including which kinds of UPF were most high-risk.

The team analysed UPF intake and health outcomes for 311,892 individuals from eight European countries over 10.9 years on average, during which time 14,236 people developed type 2 diabetes.

They found that every 10% increase in the amount of ultra-processed foods in a person's diet is linked with a 17% increase in type 2 diabetes risk, but this risk can be lowered by consuming less-processed foods instead.

The highest risk UPF groups were savoury snacks, animal-based products such as processed meats, ready meals, and sugar-sweetened and artificially-sweetened beverages, suggesting that particular attention should be paid to these foods to help tackle ill-health.

The degree of processing in foods is most often assessed using the Nova classification, which divides foods into four groups: unprocessed or minimally processed foods (MPF) such as eggs, milk, and fruit; processed culinary ingredients (PCI) such as salt, butter and oil; processed foods (PF) like tinned fish, beer and cheese; and ultra-processed foods such as ready-to-eat/heat mixed dishes, savoury snacks, sweets and desserts.

The exact causes of the link between UPF and type 2 diabetes are unconfirmed, though several factors are thought to be at play including overconsumption and weight gain. In a previous study, backed up by new analysis in this study, increased body fat accounted for around half the association.




Samuel Dicken, first author of the study from UCL Division of Medicine, said: "We know that ultra-processed foods are associated with a higher risk of certain diseases such as type 2 diabetes. As expected, our findings confirm this link and show that every 10% increase in the diet from UPF increases the risk of developing type 2 diabetes considerably.

"Most studies to date only consider UPF as a whole, but we also suspect that there may be different risks associated with different types of UPF, and the risks of other processing groups have not been well researched. Our analysis goes a step further than previous studies, by looking at all four processing groups in the Nova classification to gauge the impact on type 2 diabetes risk when we substitute UPF with less processed foods, as well as looking at nine UPF subgroups.

"The good news is that replacing UPF with less processed foods was associated with a reduced type 2 diabetes risk."

In the study, researchers from UCL analysed data from the EPIC study, which has investigated the relationship between diet, lifestyle, and environmental factors, and the incidence of chronic diseases in more than half a million Europeans over time.

Additional analysis on the data was performed to separate UPF into nine subgroups1 in order to better understand how level of processing affects type 2 diabetes risk.

Alongside analysing how eating UPF affected a person's risk of developing type 2 diabetes, the researchers performed substitution modelling on the data to see how, theoretically, replacing one Nova food group with another would affect type 2 diabetes risk.




The results showed that substituting 10% of UPF in the diet with 10% of MPF/PCI reduced type 2 diabetes risk by 14%.

Substituting 10% of UPF in the diet with 10% of PF reduced diabetes risk by 18%. The authors say this may be down to the fact that 30-50% of PF intake in this study came from beer and wine, which have been associated with a lower risk of type 2 diabetes in a previous EPIC study. PF also includes salted nuts, artisanal breads, and preserved fruits and vegetables.

Analysis of the nine UPF subgroups showed that savoury snacks, animal-based products, ready meals, and sugar-sweetened and artificially-sweetened beverages were associated with higher incidence of type 2 diabetes.

High proportions of these less healthy foods contributed to overall type 2 diabetes risk. In the top 25% of UPF consumers, where UPF made up 23.5% of their total diet, sweetened beverages alone accounted for nearly 40% of their UPF intake and 9% of their diet overall.

However, UPF breads, biscuits and breakfast cereals, sweets and desserts, and plant-based alternatives were associated with lower incidence of type 2 diabetes.

Professor Rachel Batterham, senior author of the study from UCL Division of Medicine, said: "The UPF subgroup analysis in this study has been revealing and confirms that not all foods categorised as UPF are alike in terms of the health risks associated with them.

"Breads and cereals, for example, are a staple of many people's diets. Based on our results, I think we should treat them differently to savoury snacks or sugary drinks in terms of the dietary advice we provide."

The authors say that, due to the observational nature of the study, it can only measure associations rather than causal effects.

The UCL team are currently conducting a trial to assess the impact of UPF versus MPF diets meeting healthy diet guidance, which will further clarify the results of this study. The results of this trial are expected to be published in 2025.

In 2023, the UK Scientific Advisory Committee on Nutrition (SACN) reviewed the available scientific evidence on UPFs and published a report stating that increased consumption of processed foods, particularly UPFs, was associated with an increased risk of health issues such as obesity, chronic diseases like type 2 diabetes, and depression. The report also highlighted the need for additional research to understand the cause of these associations.

Professor Marc Gunter, an author of the study from Imperial College London and one of the coordinators of the EPIC study, said: "The findings from this study add to the growing body of research that links consumption of UPF with higher risk of certain chronic diseases including obesity, cardiometabolic diseases and some cancers. While such a study cannot determine causal relationships, it does suggest that reducing consumption of some UPF and replacing them with unprocessed, whole foods, might lower risk of type 2 diabetes. Further research to understand mechanisms and potential causal pathways is now needed."

Note: 

1 The nine subgroups were:
    	Breads, biscuits and breakfast cereals
    	Sauces, spreads, and condiments
    	Sweets and desserts
    	Savoury snacks
    	Plant-based alternatives
    	Animal-based products
    	Ready-to-eat/heat mixed dishes
    	Artificially and sugar-sweetened beverages
    	Alcoholic drinks
    	Other ultra-processed foods
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Therapy dog program works as needed mood-booster for health care workers, study shows | ScienceDaily
Therapy dogs have long been known to brighten the moods of patients in hospitals.


						
But could these furry four-legged friends help support the health care providers who care for patients?

A new study by researchers at The Ohio State University Wexner Medical Center, College of Medicine and College of Nursing proves the mood-boosting benefits of Buckeye Paws, a therapy dog program that many health care workers say helps reduce emotional exhaustion and improve work engagement.

Their pilot study found that self-reported positive mood nearly doubled among the health care workers who engaged with highly trained dog-handler teams in the Buckeye Paws program.

The 64 study participants included physicians, nurses, nurse practitioners, respiratory therapists, rehabilitation therapists, patient care associates and unit clerks in two intensive care units and two medical surgical units.

All handlers for this study were hospital employees who volunteered their time with seven certified therapy dogs to provide the animal-assisted intervention three times a week for eight weeks.

The study evaluated the acceptability and impact of an animal-assisted activity using therapy dogs on healthcare worker stress, burnout, work engagement and mood.




"There was free interaction with the dogs that people could spend as much or as little time as they wanted with the dogs. Prior to their interactions, we asked them to fill out a basic one to 10 mood scale. And then, after the interaction, they did that again," said Beth Steinberg, PhD, RN, principal investigator of the study.

Findings are published in the International Journal of Complementary & Alternative Medicine.

Buckeye Paws launched in March 2020 for Wexner Medical Center employees, shortly before the pandemic started. As the program grew, researchers conducted a pilot study to gauge its impact.

"The recruitment for this study was incredibly easy because as soon as you said, 'We're going to do a study assessing your response to therapy dog interaction,' people were like, 'I'm in!'" Steinberg said. "Even before COVID-19 hit hospitals so hard, the staff were already struggling with stress, burnout, lack of work engagement."

Steinberg co-founded Buckeye Paws with Mary Justice, chief administrative officer with Ohio State's College of Nursing. Steinberg routinely rounds hospital floors with her yellow labrador retriever Brienne while Justice visits staff with her English cream golden retriever Shiloh in tow.

Their interactions with staff are generally brief -- only a few minutes at a time at their clinical workstations, team rooms, conference rooms or break rooms -- but make a big impact.




Many study participants self-reported an immediate decrease in perceived stress, emotional exhaustion, depersonalization and burnout.

"We brought the dogs to the units and many times we had staff in tears sitting with the dogs, telling them about their day," said Steinberg, senior researcher with Ohio State's Center for Integrative Health.

Amid growing physician and nurse shortages nationwide, researchers hope this program will improve workplace satisfaction and retention.

"For the most part, people have an affinity to a non-judgmental, warm, furry animal that can come and just sit with them and listen. Dogs don't care what you look like, how you're feeling that day; they just know that when you need them, they're there," Steinberg said.

Due to the success of the program, in March 2022 Buckeye Paws expanded to provide therapy dog assistance to students, faculty and staff of The Ohio State University. There are now 29 dog-handler teams in the program, with an additional 11 teams on-boarding and another eight ready to begin the process.

All Buckeye Paws dog-handler teams must pass basic and advanced obedience training, earn the Canine Good Citizenship certification from the American Kennel Club, and be certified by a national therapy dog organization, said Aimee Mitchell, program manager with Buckeye Paws.

This research proving the benefits of therapy dogs for health care workers at Ohio State sets the stage for expansion across the country. Already, directors of the program used Buckeye Paws as a model to launch a similar program at a hospital system in Fort Wayne, Indiana.

The authors have no conflicts of interest regarding the publication of this manuscript.
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Cow slime can help disc herniation patients after surgery, research shows | ScienceDaily
Researchers at Uppsala University have developed a gel inspired by cow slime for patients suffering from disc herniation. By adding the mucin gel immediately after surgery, it is possible to create a protective barrier around the discs to prevent the immune system from attacking their nucleus pulposus. This keeps the discs intact and reduces the risk of further damage.


						
"This new approach offers hope for those suffering from back pain caused by disc herniation and may prevent further damage after removing herniated discs, potentially improving the quality of life for the patients," says Hongji Yan, researcher at the Department of Medical Cell Biology at Uppsala University and AIMES (Center for the Advancement of Integrated Medical and Engineering Sciences) at Karolinska Institutet, whose study was recently published in Advanced Science.

Herniated discs are a common problem that can cause severe pain and impaired function of the spine. Many people need surgical removal of herniated discs to relieve the pressure on the nerves in the spine. After surgery, most patients are treated with anti-inflammatory drugs or steroid injections to manage pain and swelling. However, as yet there is no treatment that stops the immune system from attacking the leftover disc tissue, which can make the injury worse and cause more pain. This shows a gap in post-surgery care for herniated discs, where new treatments that focus on controlling the immune response could help improve recovery and reduce long-term pain.

Currently, most research focuses on trying to regenerate damaged discs rather than preventing further damage. However, because discs lack blood vessels, have few cells and are subject to constant physical stress, it is very difficult to make these solutions work.

In a new study, researchers explored an innovative solution for post-surgery care aimed at preventing further damage after the surgical removal of herniated discs. They developed a synthetic mucin gel, inspired by the mucus coating of certain parasites, which suppresses immune cell activation at infection sites to prevent immune cell recognition. When applied to the surgical site, this gel prevents further disc damage by stopping immune cells from attacking the nucleus pulposus of intervertebral discs, thanks to its immune-suppressive properties. In contrast, traditional physical barriers like alginate gels failed to provide this level of protection, as demonstrated in the study.

"This approach could have a major impact on surgical procedures, as a simple injection of mucin gels at the surgical site could improve patient outcomes, reduce the risk of long-term complications, and increase the overall success rate of disc surgery," Hongji Yan concludes.

The research was carried out together with groups led by Song Chen and Bin Li at Soochow University, China, and Joao F. Mano at the University of Aveiro, Portugal.
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CREME AI and CRISPR in tandem | ScienceDaily
Imagine you're looking at millions upon millions of mysterious genetic mutations. With CRISPR gene-editing technology, a select few of these mutations might have therapeutic potential. However, proving it would mean many thousands of hours of lab work. Just figuring out which ones are worth exploring further would take a lot of time and money. But what if you could do it in the virtual realm with artificial intelligence?


						
CREME is a new AI-powered virtual laboratory invented by Cold Spring Harbor Laboratory (CSHL) Assistant Professor Peter Koo and his team. It allows geneticists to run thousands of virtual experiments with the click of a button. Now, scientists can use it to begin identifying and understanding key regions of the genome.

The program is modeled after CRISPR interference (CRISPRi), a genetic perturbation technique based on CRISPR. CRISPRi allows biologists to turn down the activity of specific genes in a cell. CREME lets scientists make similar changes in the virtual genome and predicts their effects on gene activity. In other words, it's almost like an AI version of CRISPRi.

"In reality, CRISPRi is incredibly challenging to perform in the laboratory. And you're limited by the number of perturbations and the scale. But since we're doing all our perturbations [virtually], we can push the boundaries. And the scale of experiments that we performed is unprecedented -- hundreds of thousands of perturbation experiments," explains Koo.

Koo and his team tested CREME on another AI-powered genome analysis tool called Enformer. They wanted to know how Enformer's algorithm makes predictions about the genome. Questions like that are central to Koo's work, he says.

"We have these big, powerful models. They're quite compelling at taking DNA sequences and predicting gene expression. But we don't really have any good ways of trying to understand what these models are learning. Presumably, they're making accurate predictions because they've learned a lot of the rules about gene regulation, but we don't actually know what their predictions are based off of."

With CREME, Koo's team uncovered a series of genetic rules that Enformer learned while analyzing the genome. That insight may one day prove invaluable for drug discovery. "Understanding the rules of gene regulation gives you more options for tuning gene expression levels in precise and predictable ways," says Koo.

With further fine-tuning, CREME may soon set geneticists on the path to discovering new therapeutic targets. Perhaps most impactfully, it may even give scientists who do not have access to a real laboratory the power to make these breakthroughs.
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New insights into DNA organization during embryonic development | ScienceDaily
Researchers from the Kind Group have gained new insights into the mechanism behind the spatial organization of DNA within the cells of early embryos. When an embryo is first formed after fertilization, each cell has the potential to become any cell type of the body. The researchers have studied the spatial organization of DNA that is so particular to these early developmental stages. The paper was published in Nature Genetics on September 16th, 2024.


						
Every cell in our body contains the same DNA. This DNA contains the genetic information that serves as a blueprint for making the proteins necessary for the functioning of the cell. Although all cells have the same DNA, they activate only specific parts of it. As a result, cells develop into different cell types and perform a variety of functions. This is especially relevant during embryo development. When the embryo is first formed after fertilization, each cell can become any type of cell, including brain cells or even placenta cells.

DNA organization in the nucleus 

DNA is located in the cell nucleus where it is folded into active and inactive compartments. Regions of the DNA that are located at the edge of the cell nucleus are normally more densely packed and inactive. This spatial DNA organization is important because it determines which parts of DNA are active. This varies per cell type, such as between blood cells and brain cells. In cells with different functions, specific parts of the DNA change their packaging and spatial organization within the nucleus. This results in different genes being turned "off" and "on." These changes determine which genes are active and give the cell its identity. Such processes that affect the activity of genes without changing the DNA itself are the epigenome of the cell. Although scientists have investigated the spatial organization of DNA at length, much is still unclear about how this organization is first established during embryonic development.

Unique DNA organization in early embryos 

To understand embryo development better, the researchers wanted to know how the epigenome regulates the organization of DNA. In an earlier study, researchers from the Kind group have shown that positioning of DNA regions near the nuclear edge during the first days of embryo development is highly unusual during early embryo development. This might explain how those first cells can be so flexible in what they can become. Isabel Guerreiro, co-first author of the study, explains: "With this work we aimed to understand what causes the unusual positioning of DNA regions at the edge of the nucleus during early mammalian development. This is often difficult to study, because we can only collect a few cells from early embryos." To study these cells, the researchers used techniques they had previously developed. These techniques enabled them to analyze the spatial DNA organization in individual cells from early embryos.

Causes of unique DNA organization in early embryos 

Using these techniques, called scDam&T-seq and EpiDamID, the researchers found that DNA regions that are not located near the nuclear edge have high levels of a specific modification in the proteins around which the DNA is wrapped. "This suggests that the presence of this modification repels the DNA regions from the nuclear edge," Guerreiro explains. "However, it is not only the presence of this protein modification that decides where DNA regions are located. We found that the balance between the 'repellent' protein modification and an intrinsic attraction of the DNA sequence to the nuclear edge, determines the unusual organization of DNA regions in the cell nucleus of early embryos."

Understanding embryo development 

The researchers have found a major cause for the atypical spatial DNA organization inside the nucleus of early embryo cells. These findings represent a major step toward understanding healthy embryo development and uncovering the mechanisms that enable these cells to differentiate into a wide variety of cell types. Guerreiro tells: "Uncovering the mechanism behind the unusual nuclear organization that characterizes the early embryo has the potential to improve regenerative medicine strategies and human in vitro fertilization outcomes."
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How gaps in the canopy of a floodplain influence microclimate and soil biological activity | ScienceDaily
Canopy gaps in a mixed floodplain forest have a direct effect on forest soil temperature and moisture, but only have a minor impact on soil biological activity. This is the conclusion of a study by Leipzig University, the German Centre for Integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig and the Max Planck Institute for Biogeochemistry, which was recently published in the journal Science of the Total Environment.


						
Gaps in the forest stand, whether caused by silvicultural intervention or by the death of large trees, can play a central role in the microclimate and biological processes in the forest soil. In view of climate change, the question of how such gaps affect the microclimate and soil biological activity is becoming increasingly important. For this study, the scientists investigated the effects of forest gaps of different sizes and structures on the microclimate and decomposition processes in the soil of a European mixed floodplain forest (Leipzig, Germany) in the drought year 2022.

"As expected, the soil temperature rises compared to closed forest and the fluctuations in air and soil temperature increase," says the study's lead author Annalena Lenk from the Institute of Biology at Leipzig University. "In summer, the monthly average soil temperatures in areas with gaps were up to 2.05 degC higher than in sections of closed forest. At the same time, however, the soil in the gaps was wetter, in some cases significantly so." This is thought to be a result of reduced transpiration in large trees and less precipitation being intercepted by the trees due to the smaller tree population.

Interestingly, the density of the shrub layer and tree understorey sometimes had a greater effect on soil temperatures than the overstorey: "In forest areas with a denser understorey, the temperatures and their fluctuations were more moderate than in areas where the understorey had been artificially thinned."

To understand the impact of changing microclimatic conditions on key ecosystem functions, Lenk and her team also studied the activity of soil organisms. To this end, experiments were carried out on the decomposition rate of different substrates (green tea, rooibos tea and wooden spatulas) and on the feeding activity of soil fauna using bait strips. "Surprisingly, we found no significant differences in soil biological activity between gaps and closed forest," says Lenk. However, a positive effect on the feeding activity of soil organisms was measurable due to increasing soil temperature over the course of the season despite decreasing soil moisture. "Despite the extreme dryness, decomposition rates were as expected. The microclimatic differences between forest gaps and closed stands were apparently not large enough to significantly affect soil activity." According to the author, this is a reassuring result for the time being, as both increased and decreased decomposition rates can have negative effects on the ecosystem.

Lenk adds that the findings of this study highlight the complex interactions between forest structure, microclimate and soil processes: "Our results are an important step towards a better understanding of how forests respond to structural changes in times of climate change," says Lenk. The findings may also be of importance for nature conservation measures that provide for a partial removal of the canopy to promote biodiversity. Further research into these interactions in different forest types and the integration of microclimatic measurements into forest monitoring programmes are desirable in order to develop sustainable forest management strategies under changing macroclimatic conditions.
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Monoclonal antibodies offer hope for tackling antimicrobial resistance | ScienceDaily
Monoclonal antibodies -- treatments developed by cloning a cell that makes an antibody -- could help provide an answer to the growing problem of antimicrobial resistance, say scientists.


						
A team lead by researchers at the University of Cambridge has developed a monoclonal antibody drug, using a technique involving genetically engineered mice, that may help prevent infection from Acinetobacter baumannii, a bacteria associated with hospital-acquired infections, which is particularly common in Asia.

A. baumannii bacteria can cause life-threatening respiratory illness and sepsis in vulnerable individuals, particularly in newborn babies whose immune systems have not fully developed. It is usually spread through contaminated surfaces, medical equipment and via contact with others. In recent years infections with strains of this bacteria that are resistant to almost every antibiotic available have become common.

Professor Stephen Baker from the Cambridge Institute of Therapeutic Immunology and Infectious Disease at the University of Cambridge said "A. baumannii is good at sticking to medical equipment, and if people are vulnerable or don't have a particularly well-developed immune system, they can succumb to this infection and get aggressive pneumonia requiring ventilation -- and in many cases, the patients can acquire the infection from the ventilation itself.

"The bacteria are naturally resistant to many antimicrobials, but as they're now found in hospitals, they've acquired resistance to almost everything we can use. In some hospitals in Asia, where the infections are most common, there isn't a single antibiotic that will work against them. They've become impossible to treat."

In a study published today in Nature Communications, the team produced monoclonal antibodies using transgenic mice -- mice that have been genetically-engineered to have a human-like immune system, producing human antibodies instead of mouse antibodies. They went on to show that these monoclonal antibodies were able prevent infection with A. baumannii derived from clinical samples.

Monoclonal antibodies are a growing area of medicine, commonly used to treat conditions including cancer (for example, Herceptin for treating some breast cancers) and autoimmune disease (for example, Humira for treating rheumatoid arthritis, psoriasis, Crohn's disease, and ulcerative colitis).




Usually, monoclonal antibodies are developed from the antibodies of patients who have recovered from an infection, or they are designed to recognise and target a particular antigen. For example, monoclonal antibodies targeting the 'spike protein' of the SARS-CoV-2 coronavirus were explored as a way of treating COVID-19.

In the approach taken by the Cambridge team, however, transgenic mice were exposed to the outer membrane of A. baumannii bacteria, triggering an immune response. The researchers then isolated almost 300 different antibodies and tested which of these was the most effective at recognising live bacteria, identifying the single monoclonal antibody mAb1416 as the best.

Professor Baker said: "Using this method, we don't infect the mice with the live bacteria, but we instead immunise them using multiple different elements and let the mouse's immune system work out which ones to develop antibodies against. Because these mice have 'humanised' immune systems, we wouldn't then need to reengineer the antibodies to work in humans."

The team treated mice with mAb1416, and 24 hours later exposed them to A. baumannii isolated from a child with sepsis in an intensive care unit. They found that those mice treated with the drug saw a significant reduction in bacterial load in their lungs a further 24 hours later, compared to mice that were not treated.

All of the isolates used to produce and test the monoclonal antibodies were from patients in Ho Chi Minh City, Vietnam, but the isolate used to test mAb1416 was taken from a patient ten years later than the other isolates. This is important because it shows that mAb1416 was protective against A. baumannii bacteria that may have evolved over time.

Professor Baker said: "Using this technique, you can take any bacterial antigen or cocktail of antigens, rather than waiting for somebody that's recovered from a particular infection -- who you assume has developed an appropriate antibody response -- give it to the mice and extract the antibodies you think are the most important."

More work is now needed to understand the mechanism by which mAb1416 protects against infection, as this could allow the team to develop an even more effective treatment. Any potential new drug will then need to be tested in safety trials in animals before being trialled in patients.

Professor Baker added: "We know that monoclonal antibodies are safe and that they work, and the technology exists to produce them -- what we have done is identify how to hit bacteria with them. Apart from the cost effectiveness, there's no reason why this couldn't become a medicine within a few years. Given the emergency presented by antimicrobial resistance, this could become a powerful new weapon to fight back."

The research was funded by the Bill & Melinda Gates Foundation, the UK Medical Research Council Newton Fund, the Viet Nam Ministry of Science and Technology, and Wellcome.
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        Operating room design linked to length of surgery
        A new study has directly linked operating room design to the length of surgeries, with implications both for patient health and hospitals' bottom lines.

      

      
        Calorie labels on alcohol might help some drinkers maintain a healthier weight
        Just over half of heavier drinkers in England say they would make changes to their drinking if calorie labels for alcohol were introduced, according to a new study.

      

      
        Artificial intelligence grunt work can be outsourced using a new blockchain-based framework
        Researchers have developed a new framework to make complex AI tasks more accessible and transparent to users. The framework specializes in providing solutions to deep reinforcement learning (DRL) requests. The framework pairs developers, companies and individuals that have specific but out-of-reach AI needs with service providers who have the resources, expertise and models they require. The service is crowdsourced, built on a blockchain and uses a smart contract -- a contract with a pre-defined ...

      

      
        One in five UK doctors use AI chatbots, study finds
        A survey reveals that a significant proportion of UK general practitioners (GPs) are integrating generative AI tools, such as ChatGPT, into their clinical workflows. The results highlight the rapidly growing role of artificial intelligence in healthcare -- a development that has the potential to revolutionize patient care but also raises significant ethical and safety concerns.

      

      
        Slow-moving landslides a growing, but ignored, threat to mountain communities
        As urban centers in mountainous regions grow, more people are driven to build on steeper slopes prone to slow-moving landslides, a new study finds. Slow-moving landslides are frequently excluded from estimates of landslide risk, but they could threaten hundreds of thousands of people globally, the researchers conclude.

      

      
        Shrinking the pint can reduce beer sales by almost 10%
        Reducing the serving size for beer, lager and cider reduces the volume of those drinks consumed in pubs, bars and restaurants, and could be a useful alcohol control measure, according to a new study. Researchers found that over a short intervention period, venues that removed the pint and offered two third pints instead, sold 10% less beer by volume compared with when pints were available.

      

      
        Unhealthy behaviors contribute to more coronary artery disease deaths in the poor
        Lower socioeconomic status is associated with higher rates of death from coronary artery disease compared to higher socioeconomic status, and more than half of the disparities can be explained by four unhealthy behaviors, according to a new study.

      

      
        Soil footprint: a simple indicator of a crop's impact on soil erosion
        A research team proposes a method to calculate, compare and communicate how different crops affect the loss of agricultural soil, with the aim of raising awareness of this problem and promoting solutions to preserve this vital resource.

      

      
        Improved epidemic monitoring via sewage
        Analyzing wastewater has the potential to alert authorities about thousands of health threats at once, from antimicrobial resistance to cholera, according to new research.

      

      
        Reducing smartphone use increases work satisfaction
        On average, we spend three and a quarter hours a day looking at our phones. Cutting back this time by one hour a day is not only good for our mental health, but also helps us to feel happier and more motivated at work, new research suggests.

      

      
        People aren't volunteering as much these days: What gives?
        Volunteering used to be a mainstay of U.S. culture. But in recent years, giving back to their community hasn't played as big a role in many Americans' lives. New research suggests the economy may be to blame.

      

      
        Reducing the cultural bias of AI with one sentence
        Cultural values and traditions differ across the globe, but large language models (LLMs), used in text-generating programs such as ChatGPT, have a tendency to reflect values from English-speaking and Protestant European countries. A research team believes there is an easy way to solve that problem.

      

      
        Sport-related stress may affect whether college athletes eat enough calories
        Sport-related stress may contribute to some NCAA Division One swimmers and runners failing to consume enough calories to fuel their bodies.

      

      
        'Marine identity' can help restore the ocean
        People's deep connection with the ocean -- their 'marine identity' -- can help us reset society's relationship with the seas, new research suggests.

      

      
        Lower neighborhood opportunity may increase risk for preterm birth
        A new study has found that more than half of Black and Hispanic infants were born into very low-opportunity neighborhoods, and that babies born into these neighborhoods had a 16-percent greater risk of being born preterm. The study sheds new light on the health consequences of structural racism and historically discriminatory practices -- such as redlining and disproportionate exposures to pollutants -- that continue to shape modern-day neighborhood conditions and circumstances.

      

      
        Autonomous vehicles could understand their passengers better with ChatGPT
        Imagine simply telling your vehicle, 'I'm in a hurry,' and it automatically takes you on the most efficient route to where you need to be. Engineers found that an autonomous vehicle (AV) can do this with the help of ChatGPT or other chatbots made possible by artificial intelligence algorithms called large language models.

      

      
        Researchers test ChatGPT, other AI models against real-world students
        An experiment tested six generative large language models against students in an online introductory biomedical and health informatics course. The models scored higher than as many as three quarters of the real-world students in the class.

      

      
        Getting autism right
        Contrary to common perceptions and years of research that autistic people can't describe their emotions or often have muted emotional responses, a new study concludes that many autistic adults are in fact acutely aware of their feelings and can label them in vivid, often colorful detail.

      

      
        Contrail avoidance is less likely to damage climate by mistake than previously thought, study finds
        A new study allays fears that rerouting flights to avoid forming climate-warming contrails could result in inadvertently making climate warming worse.

      

      
        Therapy dog program works as needed mood-booster for health care workers, study shows
        A new study shows the mood-boosting benefits of Buckeye Paws, a therapy dog program that many health care workers say helps reduce emotional exhaustion and improve work engagement.

      

      
        New study links neighborhood food access to child obesity risk
        A new study examined whether neighborhood food access in early life is associated with trajectories of child body mass index and obesity risk. Study results show that neighborhood food access matters. Residing in low-income, low-food-access neighborhoods during pregnancy or early childhood is linked to a higher body mass index (BMI) z-score and a more than 50% increased risk of obesity and severe obesity from childhood to adolescence. Investing in neighborhood resources to improve food access dur...

      

      
        Dams built to prevent coastal flooding can worsen it
        The common practice of building dams to prevent flooding can actually contribute to more intense coastal flood events, according to a new study. By analyzing data and measurements from Charleston Harbor, South Carolina, dating back more than a century, researchers determined that coastal dams don't necessarily mitigate flooding. Dams can either increase or decrease flood risks, depending on the duration of a surge event and friction from the flow of water.

      

      
        Global warming's economic blow: Risks rise more rapidly for the rich
        Researchers analyzed how erratic weather events, increasingly intensified by global warming, affect global production and consumption across different income groups.

      

      
        New method for fingerprint analysis holds great promise
        Overlapping and weak fingerprints pose challenges in criminal cases. A new study offers a solution and brings hope for using chemical residues in fingerprints for personal profiling.

      

      
        Unveiling the math behind your calendar
        In a world where organizing a simple meeting can feel like herding cats, new research reveals just how challenging finding a suitable meeting time becomes as the number of participants grows. The study dives into the mathematical complexities of this common task, offering new insights into why scheduling often feels so impossible.

      

      
        New discovery about ice layer formation in ice sheets can improve sea level rise predictions
        A newly discovered mechanism for the flow and freezing of ice sheet meltwater could improve estimates of sea level rise around the globe. Researchers have found a new mechanism that explains the process of how impermeable horizontal ice layers are formed below the surface, a process critical for determining the contribution of ice sheet meltwater to sea level rise.

      

      
        New study reveals food waste bans ineffective in reducing landfill waste, except in Massachusetts
        Of the first five U.S. states to implement food waste bans, only Massachusetts was successful at diverting waste away from landfills and incinerators, according to a new study.

      

      
        Supported youth become supportive adults, researchers find
        A new suggests that Mexican-Origin adolescents' physiology and emotional support from family and friends makes them more likely to be helpful and have empathy for others.

      

      
        Personal carbon footprint of the rich is vastly underestimated by rich and poor alike, study finds
        The personal carbon footprint of the richest people in society is grossly underestimated, both by the rich themselves and by those on middle and lower incomes, no matter which country they come from. At the same time, both the rich and the poor drastically overestimate the carbon footprint of the poorest people.

      

      
        Doctors and patients interested in environmental impact of health care decisions, study finds
        In a series of focus groups conducted in different areas of the United States, doctors and patients expressed openness to considering environmental factors when discussing treatment options. The findings suggest that educating physicians about the environmental costs of treatment -- and how those costs may be reduced while continuing to deliver excellent care -- can be a first step toward that goal.

      

      
        Path to prosperity for planet and people shrinking rapidly, scientists warn
        Our planet will only remain able to provide even the most 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, a new report shows.

      

      
        Foods with low Nutri-Scores associated with an increased risk of cardiovascular diseases, study finds
        In a new article, reesearchers report an increased risk of cardiovascular diseases associated with the consumption of foods that rank less favorably on the Nutri-Score scale (new 2024 version) within the European cohort EPIC.
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Operating room design linked to length of surgery | ScienceDaily
Xiaobo Quan is proud that his study is the first of its kind to link operating room design to the length of knee- and hip-replacement surgeries.


						
Thus, the University of Kansas School of Architecture & Design associate professor believes its findings can be used to optimize spaces that will both produce better outcomes, via shorter surgeries, for patients and boost the hospital's bottom line.

For the article just published in the journal Health Environments Research & Design, Quan observed in real time a series of 70 knee- and hip-replacement surgeries done side by side by same surgical teams in differently sized and laid out operating rooms at a Midwestern hospital. The larger and better designed of the two rooms saw a significantly shorter average surgery time and a smaller number of troublesome, time-consuming interactions ("surgical flow disruptions"), for example physical collisions among OR personnel and equipment, Quan found.

"Previous studies looked at the impact of space design on the frequency of disruptions encountered, but they didn't control for the huge influence of the surgery type and the speed of the individual surgeon," the KU researcher said. "I think the beauty of my study is I controlled these two major factors."

Quan said no previous studies had proven that environmental design could shorten the time of a surgical procedure. "The breakthrough for my study is that it is the first to link the built environment of ORs to surgery duration," he said. "Naturally, if we experience more disruptions to our surgery process, we will have a longer surgery. But there are no previous research studies looking at that. My study was the first one to make the connection directly."

This is important, Quan said, because with efficient surgery scheduling, taking five to six minutes off each 80- to 100-minute surgery -- which is about what the quasi-experiment showed for the better-designed room -- might add up to two-hour savings in total staffing time for all staff members working in an OR per day. The savings are significant for healthcare organizations facing high labor costs. Not to mention that it's better for the patient in terms of better infection prevention, less waiting, faster recovery, et al.

The benefits could be even bigger with continuing optimization. Quan is planning research to see how OR design can be further improved to contribute even more to surgery efficiency and reduce surgery duration.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240918214043.htm



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Calorie labels on alcohol might help some drinkers maintain a healthier weight | ScienceDaily
Just over half of heavier drinkers in England say they would make changes to their drinking if calorie labels for alcohol were introduced, according to a new study by UCL researchers.


						
The findings, the researchers said, suggested calorie labels could help some drinkers maintain a healthier weight.

The study, published in the journal BMJ Open, looked at survey responses from 4,683 adults in England to assess the impact that alcohol calorie labelling might have on people's attitudes and drinking behaviour.

The researchers found that 54% of heavier drinkers (defined as "hazardous drinkers" based on a questionnaire) said they would make changes to their drinking if calorie labels were introduced. This compared to 44% of lighter drinkers.

Asked about specific behaviour changes, more than a quarter of heavier drinkers (27%) said they would choose lower calorie drinks, while one in six said they would drink alcohol less often (18%) and consume fewer drinks (17%).

The researchers also assessed people's knowledge of the calorie contents of alcoholic drinks, finding that hazardous drinkers were more likely than low-risk drinkers or non-drinkers to accurately estimate the number of calories in beer, wine, cider and spirits.

Lead author Professor Andrew Steptoe (UCL Behavioural Science & Health) said: "Our study found that a sizeable proportion of heavier drinkers said they would change their drinking habits if calorie labelling was introduced.




"This suggests labelling might help target higher-risk drinkers who are getting a greater proportion of calories from alcohol and are more likely to gain excess weight as a result.

"While survey responses do not necessarily correspond to behaviour, the results indicate that labels could play a useful role in reducing consumption of the hidden calories in alcohol.

"About 9% of calories consumed by men and 5% by women come from alcoholic drinks. Alcohol calorie labelling could therefore contribute in a modest way to helping people maintain a healthy weight."

Under current UK law, all food and non-alcoholic drinks must display nutritional information. Alcoholic products are exempt from this and only need to show the strength of alcohol, the volume of the drink and any allergens contained in them.

For the new study, researchers looked at survey responses from a representative sample of adults in England, collected between November 2022 and January 2023.

They grouped survey respondents into non-drinkers, low-risk drinkers and hazardous drinkers based on a questionnaire about drinking habits, which asked about the amount of alcohol consumed as well as the impact of drinking on daily life. About three quarters of drinkers were classed as low-risk and one quarter as hazardous.




More than half of respondents (58%) said calorie labelling would be useful, with 64% agreeing it should be provided in shops and supermarkets, and 52% saying it should be available in pubs, bars and restaurants. Drinkers were less likely than non-drinkers to support labelling being provided.

Asked to choose the correct 50kcal range for different alcoholic drinks, hazardous drinkers were consistently more accurate compared with non-drinkers and low-risk drinkers. If they were not accurate, they tended to overestimate rather than under-estimate calorie content.

The researchers concluded that campaigns to improve public knowledge about calories in alcoholic drinks might be less effective at reducing consumption than seeking to change attitudes.

Given that hazardous drinkers were more likely to overestimate calorie content, increasing knowledge could possibly encourage hazardous drinkers to drink more, the researchers said.

Co-author Professor Jamie Brown (UCL Behavioural Science & Health) said: "While these results are encouraging, it is unlikely that alcohol calorie labelling in isolation would contribute substantially to the UK Government's strategy to reduce harms from alcohol and obesity. It might have a positive role as part of a more comprehensive approach, including regulation on advertising, availability, taxation and price."

The researchers said increasing the availability of lower calorie drinks would be helpful, as this was the most common action in response to mandatory labelling and was particularly popular among hazardous drinkers.

The study was commissioned and funded by the National Institute for Health and Care Research (NIHR) Obesity Policy Research Programme.
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Artificial intelligence grunt work can be outsourced using a new blockchain-based framework | ScienceDaily
Tomorrow's workplace will be run on mind-boggling amounts of data. To make sense of it all, businesses, developers and individuals will need better artificial intelligence (AI) systems, better trained AI workers and more efficient number-crunching servers.


						
While big tech companies have the resources and expertise to meet these demands, they remain beyond the reach of most small and medium-sized enterprises and individuals. To respond to this need, a Concordia-led international team of researchers has developed a new framework to make complex AI tasks more accessible and transparent to users.

The framework, described in an article published in the journal Information Sciences, specializes in providing solutions to deep reinforcement learning (DRL) requests. DRL is a subset of machine learning that combines deep learning, which uses layered neural networks to find patterns in huge data sets, and reinforcement learning, in which an agent learns how to make decisions by interacting with its environment based on a reward/penalty system.

DRL is used in industries as diverse as gaming, robotics, health care and finance.

The framework pairs developers, companies and individuals that have specific but out-of-reach AI needs with service providers who have the resources, expertise and models they require. The service is crowdsourced, built on a blockchain and uses a smart contract -- a contract with a pre-defined set of conditions built into the code -- to match the users with the appropriate service provider.

"Crowdsourcing the process of training and designing DRL makes the process more transparent and more accessible," says Ahmed Alagha, a PhD candidate at the Gina Cody School of Engineering and Computer Science and the paper's lead author.

"With this framework, anyone can sign up and build a history and profile. Based on their expertise, training and ratings, they can be allocated tasks that users are requesting."

Democratizing DRL




According to his co-author and thesis supervisor Jamal Bentahar, a professor at the Concordia Institute for Information Systems Engineering, this service opens the potential offered by DRL to a much wider population than was previously available.

"To train a DRL model, you need computational resources that are not available to everyone. You also need expertise. This framework offers both," he says.

The researchers believe that their system's design will reduce costs and risk by distributing computation efforts via the blockchain. The potentially catastrophic consequences of a server crash or malicious attack are mitigated by having dozens or hundreds of other machines working on the same problem.

"If a centralized server fails, the whole platform goes down," Alagha explains. "Blockchain gives you distribution and transparency. Everything is logged on it, so it is very difficult to tamper with."

The difficult and costly process of training a model to work properly can be shortened by having an existing model available that only requires some relatively minor adjustments to fit a user's particular needs.

"For instance, suppose a large city develops a model that can automate traffic light sequences to optimize traffic flow and minimize accidents. Smaller cities or towns may not have the resources to develop one on their own, but they can use the one the big city developed and adapt it for their own circumstances."

Hadi Otrok, Shakti Singh and Rabeb Mizouni of Khalifa University in Abu Dhabi contributed this study.
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One in five UK doctors use AI chatbots, study finds | ScienceDaily
A survey led by researchers at Uppsala University in Sweden reveals that a significant proportion of UK general practitioners (GPs) are integrating generative AI tools, such as ChatGPT, into their clinical workflows. The results highlight the rapidly growing role of artificial intelligence in healthcare -- a development that has the potential to revolutionise patient care but also raises significant ethical and safety concerns.


						
"While there is much talk about the hype of AI, our study suggests that the use of AI in healthcare is not just on the horizon -- it's happening now. Doctors are deriving value from these tools. The medical community must act swiftly to address the ethical and practical challenges for patients that generative AI brings," says lead researcher Dr Charlotte Blease, Associate Professor at Uppsala University.

The study reveals that 20 per cent of GPs reported using generative AI tools in their practice, with ChatGPT being the most frequently used AI tool. Conducted with collaborators at Harvard Medical School, Boston, USA and the University of Basel, Switzerland, this is the most comprehensive examination of generative AI in clinical practice since the launch of ChatGPT in November 2022.

The study was conducted in February 2024 as part of a monthly omnibus survey and was designed to include GPs from across different regions of the UK. Researchers surveyed 1,006 GPs registered with Doctors.net.uk, the largest professional network for UK doctors.

The aim of the study was to measure the adoption of AI-powered chatbots by GPs across the UK and to understand how these tools are being used in clinical settings. With the advent of large language models (LLMs), there has been substantial interest in their potential to support medical professionals in tasks ranging from documentation to differential diagnosis.

Apart from revealing that 20 per cent of GPs used AI tools in their practice, the study also shows that among users, 29 per cent utilised these tools for generating documentation after patient appointments, while 28 per cent employed them to assist with differential diagnosis.

These findings suggest that AI chatbots are becoming valuable assets in medical practice, particularly in reducing administrative burdens and supporting clinical decision-making. However, the use of these tools is not without risks. The potential for AI to introduce errors ("hallucinations"), exacerbate biases, and compromise patient privacy is significant. As these tools continue to evolve, there is an urgent need for the healthcare industry to establish robust guidelines and training programmes to ensure their safe and effective use.

"This study underscores the growing reliance on AI tools by UK GPs, despite the lack of formal training and guidance and the potential risks involved. As the healthcare sector and regulatory authorities continue to grapple with these challenges, the need to train doctors to be 21st century physicians is more pressing than ever," Blease concludes.
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Slow-moving landslides a growing, but ignored, threat to mountain communities | ScienceDaily
As urban centers in mountainous regions grow, more people are driven to build on steeper slopes prone to slow-moving landslides, a new study finds. Slow-moving landslides are frequently excluded from estimates of landslide risk, but they could threaten hundreds of thousands of people globally, the researchers conclude.


						
Slow-moving landslides can move as little as one millimeter per year and up to three meters per year. Slopes with slow-moving landslides may seem safe to settle on; the slide itself may be inconspicuous or undetected altogether.

As the slide creeps along, houses and other infrastructure can be damaged. The slow slide can accelerate abruptly, likely in response to changes in precipitation. Sudden acceleration can worsen damage and, in rare cases, lead to fatalities.

Those same slopes may be repopulated years later due to pressure from urban growth, especially when floods drive people from lower-elevation areas. Nearly 1.3 billion people live in mountainous regions, according to the IPCC, and that number is growing.

"As people migrate uphill and establish settlements on unstable slopes, a rapidly rising population is facing an unknown degree of exposure to slow landslides -- having the ground move underneath their houses," said Joaquin Vicente Ferrer, a natural hazards researcher at the University of Potsdam and lead author of the study.

The study presents the first global assessment of exposure to slow-moving landslides, which are left out of most assessments of populations exposed to landslide risk. It was published in Earth's Future, which publishes interdisciplinary research on the past, present and future of our planet and its inhabitants.

Finding slow-moving landslides

Through landslide mapping and inventory efforts, the authors compiled a new database of 7,764 large slow-moving landslides with areas of at least 0.1 square kilometers (about 25 acres) located in regions classified as "mountain risk" by the Intergovernmental Panel on Climate Change. Using this database, they explored regional and global drivers of exposure using statistical models.




Of the landslides documented, 563 -- about 7% -- are inhabited by hundreds of thousands of people. The densest settlements on slow-moving landslides were in northwestern South America and southeastern Africa. Central Asia, northeast Africa, and the Tibetan Plateau had the largest settlements exposed to slow-moving landslides. West-central Asia, and the Alai Range of Kyrgyzstan in particular, also had a high number of inhabited slow-moving landslides.

The study only looked at permanent settlements, so nomadic and refugee settlements were not included.

In all regions in the study, urban center expansion was associated with an increase in exposure to slow-moving landslides. As a city's footprint expands, new growth may be forced to occur in unsafe areas, including slopes with known slow-moving landslides. But poorer populations may have few other options, the authors point out.

Flooding and future climates

Ties between climatic drivers and slow-moving landslide activation remain uncertain, but in general, scientists think intense precipitation and swings from dry to wet conditions can trigger an acceleration in slow-moving landslides. Those factors can also increase flooding, which in turn may drive people to move to higher ground.

The study found that populations facing increased flooding tended to have more settlements on slow-moving landslides. The strength of that relationship varied regionally; western North America and southeast Africa had the strongest associations.




The study also highlighted a lack of information in poor regions with known landslide risks, such as in the Hindu-Kush Himalayas, and called for more landslide detection and mapping to improve understanding of risks in those areas.

"We highlight a need to ramp-up mapping and monitoring efforts for slow-moving landslides in the East African Rift, Hindu-Kush-Himalayas, and South American Andes to better understand what drives exposure," Ferrer said. "Despite a limited number of landslide inventories from Africa and South America, we found communities in cities are densely inhabiting slow-moving landslides there."

Even in areas with good landslide mapping, such as northern North America (i.e., Canada and Alaska) and New Zealand, settlements are located on slow-moving landslides. While these weren't included in the study, they remain important to consider, the authors said.

"Our study offers findings from a new global database of large slow-moving landslides to provide the first global estimation of slow-moving landslide exposure," Ferrer said. "With our methods, we quantify the underlying uncertainties amid disparate levels of monitoring and accessible landslide knowledge."
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Shrinking the pint can reduce beer sales by almost 10% | ScienceDaily
Reducing the serving size for beer, lager and cider reduces the volume of those drinks consumed in pubs, bars and restaurants, and could be a useful alcohol control measure, according to research published September 17th in the open-access journal PLOS Medicine. Theresa Marteau and colleagues at the University of Cambridge, UK, found that over a short intervention period, venues that removed the pint and offered two third pints instead, sold 10% less beer by volume compared with when pints were available.


						
When wine by the glass is offered in smaller servings, the amount sold decreases, but similar studies have not investigated the effect on other alcoholic drinks. Marteau and colleagues approached venues in England and asked them to remove the pint serving size and instead offer two thirds as the largest option for four weeks, with four-week non-intervention periods before and after as a comparison.

The team found that removing the pint reduced the daily mean volume of beer, lager and cider sold by 9.7%, although there was a slight increase in the amount of wine purchased, with one pub contributing to half of the increase of wine sales. They report that although customers did not complain, fewer than 1% of venues approached agreed to participate and the intervention involved only 12 establishments.

Further assessment is needed, particularly into whether people fully compensated for reduced beer consumption by drinking other alcoholic drinks, but the intervention merits consideration for inclusion in alcohol control policies. Smaller serving sizes could contribute towards reducing alcohol consumption across populations and thereby decrease the risk of seven cancers and other diseases.

The authors add, "Removing the offer of pints in 13 licensed premises for 4 weeks reduced the volume of beer sold. This is in keeping with the emerging literature showing that smaller serving sizes help us drink less and presents a novel way of reducing alcohol consumption and improving population health."
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Unhealthy behaviors contribute to more coronary artery disease deaths in the poor | ScienceDaily
Lower socioeconomic status is associated with higher rates of death from coronary artery disease compared to higher socioeconomic status, and more than half of the disparities can be explained by four unhealthy behaviors. Dr. Yachen Zhu of the Alcohol Research Group, U.S., and Dr. Charlotte Probst of the Centre for Addiction and Mental Health, Canada, report these findings in a new study published September 17 in the open-access journal PLOS Medicine.


						
Coronary artery disease, also known as coronary heart disease or ischemic heart disease, occurs when the arteries supplying the heart cannot deliver enough oxygen-rich blood due to plaque buildup, and is a major cause of death in the U.S. The condition poses a greater risk to people with lower socioeconomic status, but previous studies have reported conflicting results on whether certain unhealthy behaviors, like smoking, are primarily responsible for the observed disparities in deaths from the disease.

In the new study, researchers used data from 524,035 people aged 25 years and older whose mortality statuses were recorded in the National Death Index and who answered the National Health Interview Survey on demographics and health behaviors. The team used education as the primary indicator for socioeconomic status, and investigated four behavioral risk factors: smoking, alcohol use, physical inactivity and BMI. The four factors together explained 74% of the differences in mortality risk from coronary artery disease in men belonging to different socioeconomic levels and 61% in women.

The researchers conclude that their results highlight the need for effective public health policies and interventions that address each of these behaviors -- both separately and together -- because unhealthy behaviors often cluster among individuals from low socioeconomic backgrounds. They urge public health campaigns to raise awareness about heart health with messaging and outreach efforts customized for male and female audiences. The authors add, "These efforts are crucial to reducing the socioeconomic disparities in deaths from coronary artery disease in the U.S."
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Soil footprint: a simple indicator of a crop's impact on soil erosion | ScienceDaily
A team from the Department of Agronomy proposes a method to calculate, compare and communicate how different crops affect the loss of agricultural soil, with the aim of raising awareness of this problem and promoting solutions to preserve this vital resource.


						
Agriculture faces a challenge on which the future of the planet depends, to a large extent: that of feeding a growing population through the sustainable use of natural resources, essential for producing food, but also for life on Earth. In this context, concepts such as the 'carbon footprint' and 'water footprint' arise, which refer to the amount of these resources that are invested in the production of a given good, food or service. These concepts are about the cost or impact that producing certain product has on nature, and a way of measuring whether or not their consumption is sustainable. Another concept may be added to these, this one having to do with another limited resource about which there is less awareness, but which is as essential for life as water or energy: soil, the erosion of which means lost nutrients, biodiversity and water retention capacity.

The 'soil footprint' of a food is the amount of soil that is lost during its cultivation process, and it is calculated by dividing the erosion rate by its degree of productivity. This is a term present in the 'A Soil Pact for Europe' community strategy, which has now been formally defined and applied in Spain by researchers Andres Penuela, Vanesa Garcia Gamero and Tom Vanwalleghem, with the Hydrology and Agricultural Hydraulics group of the Maria de Maeztu Unit of Excellence -- Department of Agronomy at the University of Cordoba (DAUCO). The objective, they explain, is to simplify the communication of the serious problem of soil erosion in order to involve consumers, adding them to the action network currently comprised of the scientific community, political and regulatory bodies, and the agricultural sector.

The research team's approach is as follows: if concepts such as 'water footprint' have managed to permeate society, generating awareness of the origin of food and its costs, and promoting changes in consumption habits, introducing the 'soil footprint' could contribute to the transition towards more sustainable production models that are also responsible towards this resource. It is a task in which all the agents involved must do their part: the scientific community, investigating the causes of erosion and proposing solutions; political powers, with regulations that protect the soil; and the agricultural sector, adopting responsible techniques that optimize the use of this resource. The last party that can make a difference is consumers, through their power to influence a market system. The demand for foods that do not erode soil can encourage the productive sector to adopt sustainable production models, as has already happened with food bearing ecological seals, and cruelty-free products.

Olive groves, the crop with the greatest 'soil footprint'

In addition to defining the concept and laying the foundations to measure it, the team calculated the 'soil footprint' of Spain's ten main crops, also analyzing the areas of the Peninsula where they are most problematic. The results show that the crop with the biggest soil footprint (that is, the least food production in proportion to the erosion it generates) is olive trees, followed by cherry trees, and wheat. At the opposite end are onions, potatoes and oranges, these being the crops with the smallest 'soil footprint' of all those analyzed.

The fact that the crop most harmful to Spanish soil is also one of its great economic engines, and a hallmark for the country, could be problematic, but the researchers clarify that erosion does not depend exclusively on the peculiarities of the crop, but on climatic conditions, topography and agricultural management. "The solution is not to reduce the number of olive trees, but rather to incorporate strategies that protect the soil from erosion, such as vegetation cover," said researcher Andres Penuela. Several studies have shown how this management is able to significantly curb soil erosion in Mediterranean olive groves. This would contribute to reducing this crop's 'soil footprint,' thus protecting a limited resource whose future should concern society as a whole, like water and energy already do.
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Improved epidemic monitoring via sewage | ScienceDaily
Analyzing wastewater has the potential to alert authorities about thousands of health threats at once, from antimicrobial resistance to cholera, according to new research from several European universities.


						
Under the leadership of the DTU National Food Institute, researchers from 11 European universities, institutions and knowledge organizations have developed a new method for analyzing data from wastewater monitoring. The method can help identify whether disease-causing bacteria, viruses, and antimicrobial resistance come from humans, animals, industry, or the environment. Potentially, thousands of threats can be detected simultaneously, including antimicrobial resistance and cholera bacteria, which could help prevent disease outbreaks from escalating into epidemics. The research has been published in the scientific journal Nature Communications.

The researchers analyzed samples collected over three years from seven wastewater treatment plants in five major European cities: Bologna, Budapest, Copenhagen, Rome, and Rotterdam.

"Untreated wastewater is increasingly becoming a vital source for anonymous health and disease surveillance in large urban populations. However, extracting valuable data from it is not straightforward, as the wastewater contains both known and unknown bacteria from a variety of sources, such as humans, plants, animals, rainwater, dishwashing, etc.," says corresponding author of the research paper, Assistant Professor Patrick Munk from DTU National Food Institute.

Additionally, the contents of the wastewater can vary due to seasonal temperature changes.

These challenges are what the researchers are beginning to overcome using a new computer program.

"Our research shows significant potential in metagenomics-based wastewater monitoring. While this method is more expensive than PCR testing, which proved highly effective during the COVID-19 pandemic, PCR only screens for one threat at a time. Metagenomics-based wastewater monitoring can assess thousands of threats simultaneously. Additionally, the value of each individual sample increases the more samples are collected over time, as historical data enhances the value of new analyses," says Professor Frank Aarestrup, who leads the Research Group for Genetic Epidemiology at DTU National Food Institute and co-authored the article.




A monitoring system could be envisioned that combines metagenomics-based wastewater surveillance with PCR tests for specific threats that authorities deem likely to emerge.

The study is particularly relevant because an EU directive mandates that all major European cities begin monitoring antimicrobial resistance in wastewater. In Denmark, Statens Serum Institut is leading a large European collaboration on the implementation of this wastewater monitoring.

Software arranges vast datasets into mysterious groupings

Over a three-year period, from January 2019 to November 2021, 278 wastewater samples were taken from the inlet of the seven wastewater plants and sent to DTU. The researchers then analyzed billions of DNA sequences from the samples, assembling them into genomes from thousands of bacterial species, 1,334 of which were previously unknown.

The data was analyzed using software developed by the project's Italian partner at the University of Bologna. This program identifies species that behave similarly over time and groups them.

"In the analyses, we could see that the bacteria in the wastewater clustered into very distinct groups. We began to wonder why and how the groups were formed. Initially, we thought the clusters might represent microbes collaborating with each other, but that was a dead end. Then, we investigated whether some of the groups might consist of bacteria from human feces, and that's when we hit the mark," says Patrick Munk.




Other groups turned out to be bacteria from the environment, and one group present in all the countries' treatment plants likely comes from biofilms growing on the pipes leading to the facilities.

Once the researchers identified some of the groups using the analysis software, the task became easier.

"The principle is quite simple -- certain bacteria always come from humans, and the bacteria that follow their sequences in the analysis likely come from humans as well. In this way, we can identify groups of species that follow each other over time," says Patrick Munk.

New method significantly improves success rate

The researchers have previously analyzed metagenomes but not as effectively as with the new method.

"In this new study, we identified 1,334 previously unknown bacterial species in the wastewater. Typically, when analyzing a metagenome consisting of 100 million small pieces of DNA, we could only identify the origins of about 10% of the DNA. However, in this new study, we've increased that to nearly 70% of the DNA assigned to the species from which we recovered a genome," says Patrick Munk.

The ability to detect new bacteria is essential, as these bacteria may carry previously unknown antimicrobial resistance genes, and this method could potentially reveal new sources of antimicrobial resistance.

This is an observational study where the researchers worked with data based on the bacteria that were present in the samples from the untreated wastewater, but they did not themselves adjust any variables that can affect the frequency of specific bacteria. This introduces some uncertainty, and even though many human-associated bacteria cluster together, it doesn't always happen. The next step is to create a synthetic dataset where the researchers know which bacterial species are present and actively change the conditions to observe the outcomes.

"We don't have a final success rate for this method yet, but it's clear that we're onto something significant. We need to optimize the method further to improve its accuracy," says Patrick Munk.

What is a metagenome?

All living organisms have genetic material (a genome) made of DNA. Wastewater and other samples contain many different species of microbes, including bacteria and viruses. When you extract the mixed DNA from these species, you don't just have one genome, but a metagenome. If each species' genome is like a jigsaw puzzle, then the metagenome is like a whole bunch of mixed-up jigsaw puzzles. Metagenomes can answer questions about which organisms were present and how common they were, making them a valuable tool for monitoring disease-causing bacteria and the genes that make them resistant to antibiotics. From each sample millions of DNA fragments are read, and a lot of samples can be analyzed by a supercomputer.
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Reducing smartphone use increases work satisfaction | ScienceDaily
The findings of the study are of particular interest to employers, who sometimes invest a lot of money to improve the work satisfaction and motivation of their employees. "These factors are crucial for a company's productivity," explains Julia Brailovskaia. With the current study results, the researchers have identified a simple and low-threshold solution to achieve these goals and to improve the mental health and work-life balance of employees at the same time.


						
A comparison of four groups

For their study, the researchers assigned the participants, who all came from different professional sectors, to four groups of roughly equal size. The smartphone group reduced their private smartphone use by one hour a day for one week. The sport group increased their daily physical activity by 30 minutes. The combination group did both, and the control group didn't change their routine at all.

All participants completed online questionnaires before these interventions, immediately afterwards and two weeks after the intervention period ended, providing information about their well-being, both with regard to work and mental health.

Depressive symptoms decreased

In the smartphone group and the combination group, the researchers found that work satisfaction and motivation, work-life balance and mental health had improved significantly. What's more, the feeling of work overload and symptoms of problematic smartphone use were significantly reduced. All interventions led to a reduction in depressive symptoms and they increased the participants' sense of control.

"A conscious and controlled reduction of non-work-related screen time, in combination with more physical activity, could improve employees' work satisfaction and mental health," concludes Julia Brailovskaia. The researcher believes that these interventions could either complement established training programs or serve as a stand-alone, time- and cost-efficient, low-threshold program.
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People aren't volunteering as much these days: What gives? | ScienceDaily
Volunteering used to be a mainstay of U.S. culture. But in recent years, giving back to their community hasn't played as big a role in many Americans' lives.


						
New research from the University of Georgia suggests the economy may be to blame.

The researchers found that people living in disadvantaged communities or areas that have high levels of economic inequality were less likely to volunteer.

"Historically, rural areas have had higher volunteering rates than urban ones," said Rebecca Nesbit, lead author of the study and a professor in UGA's School of Public and International Affairs. "These communities often have closer ties and more social interaction with each other, and those close ties may make them more likely to volunteer. Because when you're volunteering for the local food bank in these communities, you're helping people that you have a personal connection to."

The recession of 2008 didn't help matters. And more than a decade and a half later, volunteering rates have yet to recover.

"Any advantage to volunteering afforded by good economic growth before the recession was wiped out after the recession, and that can lead people to change their behavior," Nesbit said. "In poor economic conditions, people might take energy away from their voluntary activities to put it into more income-producing activities that create a greater sense of personal stability."

Economically disadvantaged areas hit the hardest

The study is the first analysis of confidential level volunteering data in a secure U.S. Census Bureau Research Data Center, which is a nationally representative sample of 56,000 households interviewed each month. This data is considered the premiere source of information on national and state volunteering statistics.




The researchers relied on a dataset of about 90,000 individuals for each year of the survey.

The study examined effects of economic disadvantage and inequality, and how the Great Recession exacerbated existing differences in volunteering rates between rural and urban communities.

The researchers found that the recession had the biggest dampening effect on volunteering in areas with the most economic growth and above average income equality.

"What the decline in volunteering tells us is that there are a lot of communities that were hit by the recession and just haven't bounced back," Nesbit said. "Whether that decline is going to continue or whether these communities will rebound eventually, we don't know yet."

The demographics of rural communities are changing, with more youth leaving their hometowns for bigger cities while the population left behind ages. That shift in people's sense of community may be one reason these communities' volunteering rates dropped so significantly, the researchers said.

People who lived in areas with growing economies were more likely to volunteer, according to the study.




Even years after the recession ended, the negative effects persisted, which may indicate lingering social or psychological effects that make people more hesitant to invest time and resources into volunteer efforts, the researchers said.

"One general high-level finding is that local economic conditions matter for volunteering.

That's something we can't ignore," Nesbit said. "An implication of that is that as we talk about economic development for communities, we shouldn't divorce that from the civic development of communities.

"Policymakers need to understand that if we want to strengthen communities, particularly these rural communities, we need a more holistic approach. It can't just be about economic development, and it can't just be about civic engagement. It has to be both."

Published Nonprofit and Voluntary Sector Quarterly, the study was co-authored by Laurie Paarlberg, of Indiana University -- Indianapolis, and Suyeon Jo, of the University of Arizona Tucson.
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Reducing the cultural bias of AI with one sentence | ScienceDaily
Cultural values and traditions differ across the globe, but large language models (LLMs), used in text-generating programs such as ChatGPT, have a tendency to reflect values from English-speaking and Protestant European countries. A Cornell University-led research team believes there is an easy way to solve that problem.


						
The researchers tested five versions of ChatGPT and found that what they call "cultural prompting" -- asking the AI model to perform a task like someone from another part of the world -- resulted in reduced bias in responses for the vast majority of the over 100 countries they tested. The findings suggest there could be an easy way for anyone to control AI models to align with cultural values, they said, to reduce the cultural bias in these widely used systems.

"There are not many organizations in the world with the capacity to build large language models, because it's highly resource intensive, so it's all the more important for the ones that do have that power, and therefore responsibility, to carefully consider how their models might affect different parts of the world," said Rene Kizilcec, associate professor of information science.

"Around the world, people are using tools like ChatGPT directly and indirectly via other applications for learning, work, and communication," he said, "and just like technology companies make localized keyboards on laptops to adapt to different languages, LLMs need to adapt to different cultural norms and values."

Kizilcec is senior author of "Cultural Bias and Cultural Alignment of Large Language Models," which published Sept. 17 in PNAS Nexus. The lead author is Yan Tao, doctoral student in the field of information science and a member of Kizilcec's Future of Learning Lab.

For their research, Kizilcec and his team tested five versions of ChatGPT -- 3, 3.5 Turbo, 4, 4-Turbo and 4o, the latter released in May -- and compared the models' responses to nationally representative survey data from the Integrated Values Survey, an established measure of cultural values for 107 countries and territories.

For the most recent models tested (GPT-4, 4-turbo, 4o), the latter prompting improved cultural alignment for 71% to 81% of countries and territories.

"Unlike fine-tuning models or using prompts in different languages to elicit language-specific cultural values -- which typically require specialized resources -- cultural prompting merely involves specifying a cultural identity directly in the prompts," Tao said. "This approach is more user-friendly and does not demand extensive resources."

This research was funded in part by the Jacobs Foundation and Digital Futures.
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Sport-related stress may affect whether college athletes eat enough calories | ScienceDaily
High stress resulting from participating in high-level collegiate sports is related to unhealthy attitudes about eating and under consumption of nutrients, but only during the most stressful portions of the athletes' seasons, according to a new study led by researchers in the Penn State Department of Kinesiology.


						
Studies have long shown that unhealthy attitudes about eating -- like desiring a thinner body or deliberately restricting caloric intake -- can lead to the underconsumption of nutrients, the team said. College athletes may face pressures to maintain specific body types for competitive reasons, so they can be especially vulnerable to these phenomena, according to the researchers.

Emily Lundstrom, who earned her doctorate in kinesiology at Penn State in 2024, and Nancy Williams, professor of kinesiology and physiology at Penn State and Lundstrom's doctoral adviser, led the study that was published in Applied Physiology, Nutrition, and Metabolism.

Underconsumption of nutrients by athletes increases the risk for energy deficiency, eating disorders, bone loss and bone-stress injuries, according to Williams. Additionally, female athletes are at risk for adverse menstrual cycle changes if they do not consume enough calories. The loss of menses and declines in bone health are directly related to insufficient caloric intake, according to prior research from Williams and Mary Jane De Souza, distinguished professor of kinesiology and physiology and co-author of this study.

The researchers recruited 53 NCAA Division One athletes -- 27 swimmers and 26 distance runners. The research team measured both physiological and psychological characteristics of the athletes -- including body composition, mass, height, body mass index, measures of total body metabolism, and attitudes about eating and stress -- to understand how different stressors affected health and well-being.

The runners -- all of whom were women -- were assessed in the weeks just before their competitive season began (pre-season) and again during the off-season for their sport. The swimmers -- 16 women and 11 men -- were assessed during the peak of their competitive season.

"Endurance athletes -- including runners and swimmers -- are at higher risk for energy deficiency due to high caloric expenditure," Lundstrom said. "While we focused on runners and swimmers in this study, the relationships we observed between stress, eating attitudes and metabolism during different phases of a competitive season may apply to other endurance sports with similar training demands and training periodization."

By combining data from the runners and swimmers, the researchers were able to examine how endurance athletes' attitudes, stress and caloric intake changed across a collegiate pre-season, peak-season and off-season.




The researchers found that sport-related stress was highest during the peak-season and elevated during the pre-season when athletes were training heavily for their competitive season. During the off-season, when training demands had relaxed and training varied greatly between individuals, sport-related stress was lower.

During the pre-and peak season, when sports-specific stress was high, results demonstrated that individuals who experienced higher sports-specific stress had higher levels of unhealthy eating attitudes. Those athletes with unhealthy eating attitudes also were less likely to consume enough calories to meet their bodies' needs, which can be observed through measurements of their metabolism. In the off-season, when sport-specific stress was lower, the relationships between sport-specific stress, eating attitudes and caloric intake were no longer present.

"We thought it was noteworthy that in the off-season, many of the correlations broke down," Williams said. "It is not as if the athletes are not training in the off-season; they just had more variability. Something about this training period disrupted the associations between sport-specific stress, eating attitudes and whether someone consumed enough food."

The researchers determined which athletes were not consuming enough calories by measuring participants' resting metabolic rates. To calculate predicted resting metabolic rate, the researchers estimated how many calories each individual needed based on their body composition from a dual-energy x-ray absorptiometry scan and other physical characteristics. Then, to measure actual metabolic rate, each participant laid under a ventilated hood that determined their oxygen consumption by sampling their expired air. The amount of oxygen consumed related directly to the amount of energy expended during rest and the balance of oxygen and carbon dioxide in the participant's expired breath indicated the type of nutrients the athlete was metabolizing.

The researchers compared each athlete's measured resting metabolic rate to their estimated caloric needs at rest and identified which individuals were not consuming enough calories. Then, the researchers examined the associations between athletes' attitudes about eating, their levels of sport-related stress, their levels of stress from other sources -- like class assignments or relationships -- and whether they were consuming enough. Prior research from the Women's Health and Exercise Lab, co-directed by Williams and De Souza, validated the use of resting metabolic rate to identify people who are not consuming enough calories to meet their energy demands.

"This is the one of the first research studies to examine how upstream factors, like sport-specific stress, were related to eating attitudes as well as downstream outcomes, like whether an athlete consumed enough calories," Williams said.




More research is needed to understand whether these associations are present among athletes in other highly competitive sports, the researchers said. Still, they said this result points to specific steps that coaches and researchers should consider immediately for the health and well-being of athletes.

"Coaches should be aware that periods of high stress -- physical, competitive and academic -- can all impact how much collegiate athletes are eating," Lundstrom said. "So, the coaches or the athletic programs may need to do more to help athletes manage their stress during the more intense parts of the season. Additionally, those of us who study athletes may need to consider the different phases of sports seasons when assessing athletes' stress, eating or well-being. If we are studying people in their offseason, we could miss significant unhealthy eating that should be captured for the athletes' health."

Williams and Lundstrom said they are especially interested in this population because of their backgrounds as collegiate athletes. Williams played field hockey, basketball and lacrosse, while Lundstrom was a collegiate swimmer who also has experience as a collegiate swimming coach.

"My experiences competing and then coaching these athletes -- combined with learning the physiology behind many of the issues that I experienced or witnessed -- really helped me bridge the gap between theory and practice," Lundstrom said.
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'Marine identity' can help restore the ocean | ScienceDaily
People's deep connection with the ocean -- their "marine identity" -- can help us reset society's relationship with the seas, new research led by Dr Pamela Buchan, from the University of Exeter, suggests.


						
A diverse, international group of marine researchers and practitioners met to discuss marine identity -- based on testimony and photos from multiple countries.

The group included Diz Glithero of the Canadian Ocean Literacy Coalition, Dr Emma McKinley of Cardiff University who helped deliver the workshop, and others from across Europe, Africa, Indonesia, North America, and Australasia.

They found many common themes, including traditions and customs; and dependency on the ocean for recreation, livelihoods, health and sustenance.

They also found differences, such as negative ways the ocean can form part of identity -- particularly for those whose communities and livelihoods are at risk from extreme weather.

The group agreed upon a broad definition of marine identity: "An identity rooted in how the ocean as a place supports the sense of self." This is the first time that an international, cross-cultural definition of marine identity has been agreed upon.

Dr Pamela Buchan, a marine social science researcher, said: "Challenge 10 of the United Nations Decade of Ocean Science for Sustainable Development (2021-2030) calls for the restoration of society's relationship with the ocean.




"We know identity drives people more than values -- and people react to threats to their sense of self.

"As a result, marine identity could have a powerful impact on protecting and restoring the ocean.

"While many people feel deeply connected to the ocean, they may not think of this in terms of 'marine identity'."

By helping to define and raise awareness of the term, the researchers hope to promote "marine citizenship" -- people exercising their right to be involved in marine decision-making and taking responsibility for the ocean.

Dr Buchan added: "We can foster this by encouraging easy access to the ocean for everyone, from a young age.

"In the UK, for example, as an island nation, many people have a strong marine identity -- but often the sea is seen as something remote, to visit then retreat from.

"We see conservation and management of marine resources as a matter for government policy, and we do not have policies that directly enable local stewardship.

"We hope our research will help strengthen the concept of marine identity, empower people to protect the ocean, and encourage decision-makers to actively consider the relationships that people have with the sea."
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Lower neighborhood opportunity may increase risk for preterm birth | ScienceDaily
A new study suggests that neighborhoods with fewer educational, health, environmental, and socioeconomic resources may increase one's risk for preterm birth and contribute to the racial gap in preterm birth in the Commonwealth.


						
Preterm birth, defined as a live birth before 37 weeks of pregnancy, is the second-leading cause of infant mortality in the United States, and one that disproportionately affects Black and Hispanic birthing people. While individual-level factors such as poverty, age, and health status may contribute to racial/ethnic disparities in preterm birth, researchers believe there are broader structural challenges that may be driving the racial gap in this all-too-common birth complication.

A new study led by Boston University School of Public Health (BUSPH) examined preterm births in Massachusetts, where 1 in 11 live births are premature, and found that the social characteristics of a birthing parent's neighborhood is associated with their risk of experiencing an early delivery.

Published in JAMA Network Open, the study found that more than half of Black and Hispanic infants were born into very low-opportunity neighborhoods, and that babies born into these neighborhoods had a 16-percent greater risk of being born preterm. Researchers assessed neighborhood opportunity level based on a variety of educational, health, environmental, and socioeconomic characteristics identified in the Childhood Opportunity Index (COI), a widely used composite measure that currently includes 44 indicators by census tract.

The study sheds new light on the health consequences of structural racism and historically discriminatory practices -- such as redlining and disproportionate exposures to pollutants -- that continue to shape modern-day neighborhood conditions and circumstances. Because neighborhood social opportunity is inequitably distributed by race and ethnicity, the COI serves as a valuable measure of both historic and ongoing structural racism, the researchers say.

"Our findings suggest that the context of social opportunity has an impact on children's health before they are even born, and may in part be a driver of persistent racial and ethnic inequities in preterm birth," says study lead and corresponding author Dr. Candice Belanoff, clinical associate professor of community health sciences at BUSPH. "The effect remained after we controlled for factors such as maternal/birthing parent health and individual social position."

Dr. Belanoff and colleagues from BUSPH, Simmons SSW, the University of Illinois, Chicago (UIC), and Brandeis University (Brandeis) utilized Massachusetts birth certificate data by census tract for more than 260,000 singleton infants born in the Boston, Springfield, and Worcester metropolitan areas from February 2011 to December 2015, to explore possible links between neighborhood opportunity levels and preterm births.

Preterm birth was highest among Black infants at 8.4 percent, followed by Hispanic infants at 7.3 percent, Asian or Pacific Islander infants at 5.8 percent, and White infants at 5.8 percent. Compared to White and Asian or Pacific Islander infants, Black and Hispanic infants were approximately 54 percent more likely to be born into very low child opportunity neighborhoods, compared to White infants (11.8 percent) and Asian or Pacific Islander infants (19.6 percent) Similarly, Black and Hispanic infants were also least likely to be born into very high child opportunity neighborhoods, at 6 percent and 6.7 percent, respectively.

"While many lower opportunity neighborhoods are rich cultural hubs and locations of incredible community activism and power, they still suffer the effects of economic exclusion, they are still closer to toxic environmental exposures, and they still generally feature fewer of the resources that help people flourish across the life course," Dr. Belanoff says.

"This is why it is important to look beyond the individual if we are ever going to reduce or eliminate the racial/ethnic gap in birth outcomes," says study senior author Dr. Joanna Almeida, professor and Eva Whiting White Endowed Chair at Simmons SSW. "We need to address the inequitable distribution of resources and access to neighborhood opportunity in order to move the needle on racial and ethnic inequities in preterm birth."
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Autonomous vehicles could understand their passengers better with ChatGPT | ScienceDaily
Imagine simply telling your vehicle, "I'm in a hurry," and it automatically takes you on the most efficient route to where you need to be.


						
Purdue University engineers have found that an autonomous vehicle (AV) can do this with the help of ChatGPT or other chatbots made possible by artificial intelligence algorithms called large language models.

The study, to be presented Sept. 25 at the 27th IEEE International Conference on Intelligent Transportation Systems, may be among the first experiments testing how well a real AV can use large language models to interpret commands from a passenger and drive accordingly.

Ziran Wang, an assistant professor in Purdue's Lyles School of Civil and Construction Engineering who led the study, believes that for vehicles to be fully autonomous one day, they'll need to understand everything that their passengers command, even when the command is implied. A taxi driver, for example, would know what you need when you say that you're in a hurry without you having to specify the route the driver should take to avoid traffic.

Although today's AVs come with features that allow you to communicate with them, they need you to be clearer than would be necessary if you were talking to a human. In contrast, large language models can interpret and give responses in a more humanlike way because they are trained to draw relationships from huge amounts of text data and keep learning over time.

"The conventional systems in our vehicles have a user interface design where you have to press buttons to convey what you want, or an audio recognition system that requires you to be very explicit when you speak so that your vehicle can understand you," Wang said. "But the power of large language models is that they can more naturally understand all kinds of things you say. I don't think any other existing system can do that."

Conducting a new kind of study

In this study, large language models didn't drive an AV. Instead, they were assisting the AV's driving using its existing features. Wang and his students found through integrating these models that an AV could not only understand its passenger better, but also personalize its driving to a passenger's satisfaction.




Before starting their experiments, the researchers trained ChatGPT with prompts that ranged from more direct commands (e.g., "Please drive faster") to more indirect commands (e.g., "I feel a bit motion sick right now"). As ChatGPT learned how to respond to these commands, the researchers gave its large language models parameters to follow, requiring it to take into consideration traffic rules, road conditions, the weather and other information detected by the vehicle's sensors, such as cameras and light detection and ranging.

The researchers then made these large language models accessible over the cloud to an experimental vehicle with level four autonomy as defined by SAE International. Level four is one level away from what the industry considers to be a fully autonomous vehicle.

When the vehicle's speech recognition system detected a command from a passenger during the experiments, the large language models in the cloud reasoned the command with the parameters the researchers defined. Those models then generated instructions for the vehicle's drive-by-wire system -- which is connected to the throttle, brakes, gears and steering -- regarding how to drive according to that command.

For some of the experiments, Wang's team also tested a memory module they had installed into the system that allowed the large language models to store data about the passenger's historical preferences and learn how to factor them into a response to a command.

The researchers conducted most of the experiments at a proving ground in Columbus, Indiana, which used to be an airport runway. This environment allowed them to safely test the vehicle's responses to a passenger's commands while driving at highway speeds on the runway and handling two-way intersections. They also tested how well the vehicle parked according to a passenger's commands in the lot of Purdue's Ross-Ade Stadium.

The study participants used both commands that the large language models had learned and ones that were new while riding in the vehicle. Based on their survey responses after their rides, the participants expressed a lower rate of discomfort with the decisions the AV made compared to data on how people tend to feel when riding in a level four AV with no assistance from large language models.




The team also compared the AV's performance to baseline values created from data on what people would consider on average to be a safe and comfortable ride, such as how much time the vehicle allows for a reaction to avoid a rear-end collision and how quickly the vehicle accelerates and decelerates. The researchers found that the AV in this study outperformed all baseline values while using the large language models to drive, even when responding to commands the models hadn't already learned.

Future directions

The large language models in this study averaged 1.6 seconds to process a passenger's command, which is considered acceptable in non-time-critical scenarios but should be improved upon for situations when an AV needs to respond faster, Wang said. This is a problem that affects large language models in general and is being tackled by the industry as well as by university researchers.

Although not the focus of this study, it's known that large language models like ChatGPT are prone to "hallucinate," which means that they can misinterpret something they learned and respond in the wrong way. Wang's study was conducted in a setup with a fail-safe mechanism that allowed participants to safely ride when the large language models misunderstood commands. The models improved in their understanding throughout a participant's ride, but hallucination remains an issue that must be addressed before vehicle manufacturers consider implementing large language models into AVs.

Vehicle manufacturers also would need to do much more testing with large language models on top of the studies that university researchers have conducted. Regulatory approval would additionally be required for integrating these models with the AV's controls so that they can actually drive the vehicle, Wang said.

In the meantime, Wang and his students are continuing to conduct experiments that may help the industry explore the addition of large language models to AVs.

Since their study testing ChatGPT, the researchers have evaluated other public and private chatbots based on large language models, such as Google's Gemini and Meta's series of Llama AI assistants. So far, they've seen ChatGPT perform the best on indicators for a safe and time-efficient ride in an AV. Published results are forthcoming.

Another next step is seeing if it would be possible for large language models of each AV to talk to each other, such as to help AVs determine which should go first at a four-way stop. Wang's lab also is starting a project to study the use of large vision models to help AVs drive in extreme winter weather common throughout the Midwest. These models are like large language models but trained on images instead of text. The project will be conducted with support from the Center for Connected and Automated Transportation (CCAT), which is funded by the U.S. Department of Transportation's Office of Research, Development and Technology through its University Transportation Centers program. Purdue is one of the CCAT's university partners.
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Researchers test ChatGPT, other AI models against real-world students | ScienceDaily
William Hersh, M.D., who has taught generations of medical and clinical informatics students at Oregon Health & Science University, found himself curious about the growing influence of artificial intelligence. He wondered how AI would perform in his own class.


						
So, he decided to try an experiment.

He tested six forms of generative, large-language AI models -- for example ChatGPT -- in an online version of his popular introductory course in biomedical and health informatics to see how they performed compared with living, thinking students. A study published in the journal npj Digital Medicine, revealed the answer: Better than as many as three-quarters of his human students.

"This does raise concern about cheating, but there is a larger issue here," Hersh said. "How do we know that our students are actually learning and mastering the knowledge and skills they need for their future professional work?"

As a professor of medical informatics and clinical epidemiology in the OHSU School of Medicine, Hersh is especially attuned to new technologies. The role of technology in education is nothing new, Hersh said, recalling his own experience as a high school student in the 1970s during the transition from slide rules to calculators.

Yet, the shift to generative AI represents an exponential leap forward.

"Clearly, everyone should have some kind of foundation of knowledge in their field," Hersh said. "What is the foundation of knowledge you expect people to have to be able to think critically?"

Large-language models




Hersh and co-author Kate Fultz Hollis, an OHSU informatician, pulled the knowledge assessment scores of 139 students who took the introductory course in biomedical and health informatics in 2023. They prompted six generative AI large language models with student assessment materials from the course. Depending on the model, AI scored in the top 50th to 75th percentile on multiple-choice questions that were used in quizzes and a final exam that required short written responses to questions.

"The results of this study raise significant questions for the future of student assessment in most, if not all, academic disciplines," the authors write.

The study is the first to compare large-language models to students for a full academic course in the biomedical field. Hersh and Fultz Hollis noted that a knowledge-based course such as this one may be especially ripe for generative, large-language models, in contrast to more participatory academic courses that help students develop more complex skills and abilities.

Hersh remembers his experience in medical school.

"When I was a medical student, one of my attending physicians told me I needed to have all the knowledge in my head," he said. "Even in the 1980s, that was a stretch. The knowledge base of medicine has long surpassed the capacity of the human brain to memorize it all."

Maintaining the human touch

Yet, he believes there's a fine line between making sensible use of technical resources to advance learning and over-reliance to the point that it inhibits learning. Ultimately, the goal of an academic health center like OHSU is to educate health care professionals capable of caring for patients and optimizing the use of data and information about them in the real world.




In that sense, he said, medicine will always require the human touch.

"There are a lot of things that health care professionals do that are pretty straightforward, but there are those instances where it gets more complicated and you have to make judgment calls," he said. "That's when it helps to have that broader perspective, without necessarily needing to have every last fact in your brain."

With fall classes starting soon, Hersh said he's not worried about cheating.

"I update the course each year," he said. "In any scientific field, there are new advancements all the time and large-language models aren't necessarily up to date on all of it. This just means we'll have to look at newer or more nuanced tests where you won't get the answer out of ChatGPT."
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Getting autism right | ScienceDaily

To a group of autistic adults participating in a Rutgers study, giddiness manifests like "bees"; small moments of joy are like "a nice coffee in the morning" that yields "a sense of elevation"; anger starts with a "body-tensing" boil, then headaches.

Contrary to common perceptions and years of research that autistic people can't describe their emotions or often have muted emotional responses, a Rutgers study published in the American Journal of Occupational Therapy concludes that many autistic adults are in fact acutely aware of their feelings and can label them in vivid, often colorful detail.

"What if everything we know about autism is wrong?" said Aaron Dallman, an assistant professor of occupational therapy at the Rutgers School of Health Professions and the author of the study.

"We spend all this time problematizing autism, rather than doing the work to understand what it's like to be autistic," he said. "The popular idea that autistic people don't have rich, emotional lives is simply not true."

To catalog how young autistic adults describe their emotions and navigate their interactions with others as well as identify potential strategies to bridge the emotional chasm between autistic and nonautistic people, Dallman conducted a series of focus groups designed to understand individual experiences.

Twenty-four autistic adults ages 18 to 35 participated in one of six video conference focus group interviews. Discussions were facilitated by Dallman and included questions related to how emotions are manifested physically, what participants feel during therapy sessions and how participants communicate about their emotions with others.




Transcripts from the sessions were created and anonymized by a graduate research assistant. Data was then coded and analyzed using a qualitative research methodology that explores how individuals make sense of their experiences.

Participants overwhelmingly reported that typical emotion words such as "happy" or "sad" don't adequately characterize their complex emotional experiences. Instead, descriptions of emotions included rich, dynamic language and often combined traditional emotional words with references to physical sensations, particularly in the stomach.

Participants also reported that "affective contact" -- exchanges of feelings between individuals -- with nonautistic people can be difficult and is particularly challenging when nonautistic people misinterpret the emotional expressions of an autistic person.

"I've had people say, like, 'Wow, you look really happy right now,' when I'm just kind of chilling out," one participant said. "I'm not sure what about me looks extremely happy."

Since the first descriptions of autism, difficulties with human interaction have been considered a common feature of autism spectrum disorder. Dallman said confusion arises when therapists or nonautistic people try to supplant neurotypical definitions of emotions -- a smile must mean "happy," a frown "sad" -- when these labels don't apply to autistic people.

Eye contact is a perfect example, Dallman said. For nonautistic people, locking eyes suggests social interest but is often experienced as unpleasant by autistic people. Similarly, autistic people often use stimming techniques -- repetitive actions, such as hand flapping or rocking, to regulate emotions -- that can be viewed negatively by nonautistic individuals.

Dallman said his findings could point the way to new autism therapy strategies. Instead of urging changes to how autistic people communicate, he said, anyone who has an autistic person in their life should work instead to improve mutual understanding between those who have diverse modes of experiencing the world.

"We don't have to change everyone, but let's think about changing the classroom, or caregivers' attitudes, so they understand what messages an autistic individual is communicating and how they express their emotions," Dallman said. "It's time for our communities to embrace the unique perspectives and contributions of autistic community members."
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Contrail avoidance is less likely to damage climate by mistake than previously thought, study finds | ScienceDaily
A new study allays fears that rerouting flights to avoid forming climate-warming contrails could result in inadvertently making climate warming worse.


						
Researchers from Sorbonne Universite and the University of Reading found that for most flights that form contrails in the North Atlantic, the climate benefit of avoiding the contrail outweighs the extra carbon dioxide emitted from flying a different route.

Contrail avoidance requires comparing the climate impacts of carbon dioxide and contrails, called CO2 equivalence. Different methods have been proposed, and the choice of which has been largely political. Scientists feared that some choices could be misleading, making avoidance seem beneficial for climate when it is in fact damaging.

The study, published today (Sunday, 15 September) in Atmospheric Chemistry and Physics, finds that for a large majority of North Atlantic flights, contrail avoidance would benefit climate regardless of the choice of CO2 equivalence.

Contrails explained

Contrails -- the white lines left behind planes in the sky -- can trap heat in the atmosphere and contribute to global warming.

The new study builds on previous research that suggested planes could be rerouted to avoid contrail formation, potentially reducing climate impact. However, the benefits of avoiding contrails against the drawbacks of extra CO2 emissions were unclear.




Prof Nicolas Bellouin, co-author at the University of Reading, said: "Rerouting flights to avoid contrails could in theory reduce the climate impact of aviation and make air travel more sustainable. Our findings lift a major obstacle against implementing contrail avoidance, but we now need better forecasting and real-world trials to make this work in practice."

The new findings show that regardless of how the trade-off between contrail avoidance and increased CO2 emissions is measured, rerouting rarely worsens climate effects unintentionally. The study looked at nearly half a million flights over the North Atlantic in 2019 to estimate how much warming was caused by the carbon dioxide emissions from these flights and any contrails they formed.

The researchers first examined how current flight routes would warm the world over time. They estimate that the CO2 emissions and contrails from these flights will have warmed the climate by about 17 microKelvins (mK) in 2039, 20 years later, and 14 mK in 2119, 100 years later. A microKelvin is a very tiny unit of temperature change.

Then the researchers imagined a situation where planes could avoid all contrails by using just 1% more fuel. In this case, the total warming would decrease significantly. By 2039, warming would be reduced by about 5 mK, which is 29% less than without rerouting. By 2119, it would be about 2 mK (14%) less.

The researchers used nine different ways to measure climate impact. In most cases, all these methods agreed that rerouting flights would be good for the climate, as long as the planes successfully avoid contrails as predicted.

The researchers emphasise that there is still much uncertainty in predicting exactly where contrails will form and how much warming they cause. They suggest focusing initial rerouting efforts on flights that form the most warming contrails, where the climate benefit is clearest.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240916115528.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Therapy dog program works as needed mood-booster for health care workers, study shows | ScienceDaily
Therapy dogs have long been known to brighten the moods of patients in hospitals.


						
But could these furry four-legged friends help support the health care providers who care for patients?

A new study by researchers at The Ohio State University Wexner Medical Center, College of Medicine and College of Nursing proves the mood-boosting benefits of Buckeye Paws, a therapy dog program that many health care workers say helps reduce emotional exhaustion and improve work engagement.

Their pilot study found that self-reported positive mood nearly doubled among the health care workers who engaged with highly trained dog-handler teams in the Buckeye Paws program.

The 64 study participants included physicians, nurses, nurse practitioners, respiratory therapists, rehabilitation therapists, patient care associates and unit clerks in two intensive care units and two medical surgical units.

All handlers for this study were hospital employees who volunteered their time with seven certified therapy dogs to provide the animal-assisted intervention three times a week for eight weeks.

The study evaluated the acceptability and impact of an animal-assisted activity using therapy dogs on healthcare worker stress, burnout, work engagement and mood.




"There was free interaction with the dogs that people could spend as much or as little time as they wanted with the dogs. Prior to their interactions, we asked them to fill out a basic one to 10 mood scale. And then, after the interaction, they did that again," said Beth Steinberg, PhD, RN, principal investigator of the study.

Findings are published in the International Journal of Complementary & Alternative Medicine.

Buckeye Paws launched in March 2020 for Wexner Medical Center employees, shortly before the pandemic started. As the program grew, researchers conducted a pilot study to gauge its impact.

"The recruitment for this study was incredibly easy because as soon as you said, 'We're going to do a study assessing your response to therapy dog interaction,' people were like, 'I'm in!'" Steinberg said. "Even before COVID-19 hit hospitals so hard, the staff were already struggling with stress, burnout, lack of work engagement."

Steinberg co-founded Buckeye Paws with Mary Justice, chief administrative officer with Ohio State's College of Nursing. Steinberg routinely rounds hospital floors with her yellow labrador retriever Brienne while Justice visits staff with her English cream golden retriever Shiloh in tow.

Their interactions with staff are generally brief -- only a few minutes at a time at their clinical workstations, team rooms, conference rooms or break rooms -- but make a big impact.




Many study participants self-reported an immediate decrease in perceived stress, emotional exhaustion, depersonalization and burnout.

"We brought the dogs to the units and many times we had staff in tears sitting with the dogs, telling them about their day," said Steinberg, senior researcher with Ohio State's Center for Integrative Health.

Amid growing physician and nurse shortages nationwide, researchers hope this program will improve workplace satisfaction and retention.

"For the most part, people have an affinity to a non-judgmental, warm, furry animal that can come and just sit with them and listen. Dogs don't care what you look like, how you're feeling that day; they just know that when you need them, they're there," Steinberg said.

Due to the success of the program, in March 2022 Buckeye Paws expanded to provide therapy dog assistance to students, faculty and staff of The Ohio State University. There are now 29 dog-handler teams in the program, with an additional 11 teams on-boarding and another eight ready to begin the process.

All Buckeye Paws dog-handler teams must pass basic and advanced obedience training, earn the Canine Good Citizenship certification from the American Kennel Club, and be certified by a national therapy dog organization, said Aimee Mitchell, program manager with Buckeye Paws.

This research proving the benefits of therapy dogs for health care workers at Ohio State sets the stage for expansion across the country. Already, directors of the program used Buckeye Paws as a model to launch a similar program at a hospital system in Fort Wayne, Indiana.

The authors have no conflicts of interest regarding the publication of this manuscript.
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New study links neighborhood food access to child obesity risk | ScienceDaily
Limited access to healthy foods, resulting from residence in under-resourced neighborhoods, is a critical public health concern. A new study suggests that residing in these areas during pregnancy or early childhood significantly raises the risk of obesity and severe obesity from childhood to adolescence.


						
The findings are published September 16 in JAMA Pediatrics.

While previous research has established a connection between food insecurity and obesity in adults, critical early life stages, such as pregnancy and early childhood are often overlooked, despite offering greater potential for intervention and influence on long-term health outcomes.

The prevalence of food insecurity in U.S. households with children under 18 years remains alarmingly high. Recent data indicates an increase from 12.5% in 2021 to 17.3% in 2022. At the same time, childhood obesity rates have been steadily rising. This dual burden is particularly worrying, as both conditions are strongly linked with long-term health consequences, including cardiovascular disease and diabetes.

The new findings, led by investigators from the Harvard Pilgrim Health Care Institute, underscores the importance of early-life neighborhood environments in shaping child health outcomes.

"Understanding how experiencing food insecurity during these formative years impacts subsequent child obesity is essential. By unraveling the mechanisms and identifying risk factors linking neighborhood food access and obesity in children, we can develop targeted preventive strategies that may mitigate chronic conditions in the future," said lead author Izzuddin Aris, Harvard Medical School assistant professor of population medicine at the Harvard Pilgrim Health Care Institute.

In this nationwide multi-cohort study, researchers examined data from over 28,000 children across the U.S., drawn from 55 birth cohorts participating in the NIH Environmental influences on Child Health Outcomes (ECHO) program. The team focused on neighborhoods classified as low-income-low-food-access, where the nearest supermarket is more than 0.5 miles away in urban areas or over 10 miles away in rural regions. These neighborhoods, pose a significant challenge in accessing and purchasing healthier food options.

After adjusting for individual sociodemographic factors, study results found that residence in these neighborhoods during pregnancy was associated with >50% higher risk of obesity and severe obesity from childhood to adolescence and higher BMI z-scores at ages 5, 10, and 15 years. Similar associations were observed for children who lived in low-income-low-food-access neighborhoods during early childhood.

The study adds to the growing body of literature supporting the link between food insecurity and subsequent childhood obesity. In a previous study of ECHO participants, Dr. Aris and team found that residence in the lowest opportunity neighborhoods in early life was associated with ~80% higher obesity risk at similar life stages.

Adds Dr. Aris, "Our findings support a focus on investments or strategies to improve healthful food access in early life. This includes incentivizing new supermarkets in existing low-income-low-food-access neighborhoods, providing healthy-choice pantries, and improving access to healthier food choices in small retail corner and convenience stores. Such investments could play a crucial role in preventing child obesity and promoting healthier communities."
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Dams built to prevent coastal flooding can worsen it | ScienceDaily
The common practice of building dams to prevent flooding can actually contribute to more intense coastal flood events, according to a new study.


						
The study, published in the Journal of Geophysical Research: Oceans, studied the effects of dams built in coastal estuaries, where rivers and ocean tides interact. Those massive infrastructure projects are surging in popularity globally, in part to help offset intensifying storms, salt intrusion and sea-level rise fueled by climate change.

By analyzing data and measurements from Charleston Harbor, South Carolina, dating back more than a century, researchers determined that coastal dams don't necessarily mitigate flooding. Dams can either increase or decrease flood risks, depending on the duration of a surge event and friction from the flow of water.

"We usually think about storm surges becoming smaller as you go inland, but the shape of the basin can actually cause it to become larger," said lead author Steven Dykstra, an assistant professor at the University of Alaska Fairbanks College of Fisheries and Ocean Sciences.

Estuaries are typically shaped like a funnel, narrowing as they go inland. Introducing a dam shortens the estuary with an artificial wall that reflects storm surge waves moving inland. The narrowing channel shape also makes small reflections that change with the surge duration. Dykstra compared those storm-fueled waves to splashes in a bathtub, with certain wave frequencies causing water to slosh over the sides.

After using Charleston Harbor as a case study, researchers used computer modeling to gauge the flood response at 23 other estuaries in diverse geographic areas. Those encompassed both dammed and naturally occurring estuary systems, including Cook Inlet in Alaska.

The models confirmed that the basin shape and alterations that shorten it with a dam are the key component in determining how storm surges and tides move inland. At the right amplitude and duration, waves in dammed environments grow instead of diminishing.

The study also determined that areas far from coastal dams could still be directly influenced by human-created infrastructure. In the Charleston area, the highest storm surges routinely occurred more than 50 miles inland.

"One of the scary things with this is that sometimes people don't realize they are in a coastal-influenced zone," Dykstra said. "Sea-level rise is making people far inland aware that they're not free from coastal effects -- and it usually happens with a massive flood."

Other contributors to the study included Enrica Viparelli, Alexander Yankovsky and Raymond Torres from the University of South Carolina, and Stefan Talke from California Polytechnic State University, San Luis Obispo.
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Global warming's economic blow: Risks rise more rapidly for the rich | ScienceDaily
In a new study by the Potsdam Institute for Climate Impact Research (PIK), researchers analysed how erratic weather events, increasingly intensified by global warming, affect global production and consumption across different income groups.


						
The results confirm previous studies that the poorest people worldwide bear the greatest economic risks from climate change. Surprisingly, the risk for the wealthy is growing the fastest. Economies in transition like Brazil or China are also highly vulnerable to severe impacts and negative trade effects. Across countries, these countriesface the highest risks due to severe impacts of volatile weather and adverse trade effects.

As the planet continues to warm, these risks are expected to worsen across most countries, with ripple effects along global supply chains, impacting goods and services worldwide.

"In the next 20 years, climate change will increase economic risks from erratic weather," states PIK scientist Anders Levermann. "The highest risks remain with the poorest around the world. But the increase of economic risk is strongest for the wealthy, in countries like the US and the EU. Consumers all around the world, regardless of their income, will thus face increasing challenges due to global warming -- without a transition towards carbon neutrality we will eventually not be able to meet these challenges."
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New method for fingerprint analysis holds great promise | ScienceDaily
A groundbreaking study has made it possible to extract much more information from fingerprints as evidence than what is currently achievable.


						
A new study from the Department of Forensic Medicine at Aarhus University is the first in the world to analyze fingerprints on gelatin lifters using chemical imaging. This could be crucial in criminal cases where current methods fall short.

Danish police frequently collect fingerprints at crime scenes using so-called gelatin lifters. Unlike tape, these lifters are easy to use and are suitable for lifting fingerprints from delicate surfaces, such as peeling wall paint, and irregular objects like door handles.

Once collected, the fingerprints are photographed digitally so they can be processed through fingerprint databases. However, traditional photography cannot separate overlapping fingerprints, which are often found at crime scenes. Very faint prints are also problematic. As a result, many fingerprints that could otherwise contribute to investigations unfortunately have to be discarded.

A fine spray of solvent

A solution is presented in the new study from the Department of Forensic Medicine at Aarhus University, recently published in the scientific journal Analytical Chemistry.

"We are presenting a method that has the potential to be integrated into the police's traditional workflow. If this happens, more fingerprints from crime scenes could be used and evaluated both visually and chemically," says postdoc Kim Frisch, who is behind the study.




The method is based on a technique called Desorption Electrospray Ionization Mass Spectrometry (DESI-MS), which works by measuring the chemical compounds in fingerprints based on their mass.

"We send a very fine spray of solvent, consisting of electrically charged droplets of methanol. This releases and ionizes substances on the surface of the fingerprint on the gelatin lifter. The substances are then drawn into the instrument, where their masses are measured individually," explains Kim Frisch.

DESI-MS was invented about 20 years ago and was developed for general surface analysis. In 2008, it was shown that the technique could be used for chemical imaging of fingerprints on glass surfaces and tape.

"But now we show that the technique can also be used to analyze fingerprints collected on gelatin lifter, which are used by police in many countries, including Denmark. This is analytical chemistry used in a forensic context, and it has great potential," says the researcher.

Revealing fingerprints where traditional optical imaging fails

Overlapping fingerprints pose a significant challenge for investigators because they are difficult to separate. The study shows that the new method can be used to separate overlapping fingerprints (Figure 2) and to enhance faint fingerprints in situations where optical imaging fails.




So far, the method has been tested on fingerprints lifted in the laboratory, but the researchers are now testing the method on fingerprints from crime scenes. For this purpose, they have received fingerprints collected by the National Special Crime Unit of the Danish Police , and there are high hopes for the results at the Department of Forensic Medicine.

Can we analyze gender, age, and dietary habits?

The method is still under development, and the researchers are now focusing more on analyzing the chemical composition of fingerprints.

A fingerprint is much more than a unique pattern -- it also contains a variety of chemical compounds from the person who left the print. These compounds include natural lipids, amino acids, and peptides secreted from the skin. However, the fingerprint can also contain nicotine, caffeine, drugs, cosmetic ingredients, and potentially incriminating substances such as lubricant from condoms and explosives that have been secreted through the skin or contaminated the skin upon contact.

Chemical imaging could potentially be used for profiling the person who left the fingerprint.

Many researchers around the world are working to develop methods for this purpose -- not only using the technique employed at the Department of Forensic Medicine in Aarhus. There are examples in the literature that fingerprints can reveal whether people have ingested or touched substances of abuse such as cocaine, cannabis, and ayahuasca.

Studies have also been conducted with the aim of determining individuals' gender, age, and lifestyle factors such as diet, medication, and smoking from their fingerprints. The Department of Forensic Medicine continues to work on the study, supported by the Danish Victims Fundand ongoing for two and a half years, in an effort to maximize the information that can be obtained from fingerprints.

Research focused on practical application

The research is conducted in close collaboration with the National Special Crime Unit of the Danish Police because it is important that the work is aimed at practical application.

So far, the results suggest that the method could be used in practice.

"When the police collect fingerprints at a crime scene, the gelatin lifters can, in principle, be sent to the Department of Forensic Medicine, where we scan the samples. However, the scanning process is time consuming, which means that we would not be able to analyze samples in the hundreds, as we do with, for example, blood samples. We expect that the method will be used in the future as a special analysis in more serious cases such as murder and rape," says Kim Frisch.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240913105301.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Unveiling the math behind your calendar | ScienceDaily
In a world where organizing a simple meeting can feel like herding cats, new research from Case Western Reserve University reveals just how challenging finding a suitable meeting time becomes as the number of participants grows.


						
The study, published in the European Physical Journal B, dives into the mathematical complexities of this common task, offering new insights into why scheduling often feels so impossible.

"If you like to think the worst about people, then this study might be for you," quipped researcher Harsh Mathur, professor of physics at the College of Arts and Sciences at CWRU. "But this is about more than Doodle polls. We started off by wanting to answer this question about polls, but it turns out there is more to the story."

Researchers used mathematical modeling to calculate the likelihood of successfully scheduling a meeting based on several factors: the number of participants (m), the number of possible meeting times (t) and the number of times each participant is unavailable (r).

What they found: As the number of participants grows, the probability of scheduling a successful meeting decreases sharply.

Specifically, the probability drops significantly when more than five people are involved -- especially if participant availability remains consistent.

"We wanted to know the odds," Mathur said. "The science of probability actually started with people studying gambling, but it applies just as well to something like scheduling meetings. Our research shows that as the number of participants grows, the number of potential meeting times that need to be polled increases exponentially.




"The project had started half in jest but this exponential behavior got our attention. It showed that scheduling meetings is a difficult problem, on par with some of the great problems in computer science."

'More to the story'

Interestingly, researchers found a parallel between scheduling difficulties and physical phenomena. They observed that as the probability of a participant rejecting a proposed meeting time increases, there's a critical point where the likelihood of successfully scheduling the meeting drops sharply. It's a phenomenon similar to what is known as "phase transitions" in physics, Mathur said, such as ice melting into water.

"Understanding phase transitions mathematically is a triumph of physics," he said. "It's fascinating how something as mundane as scheduling can mirror the complexity of phase transitions."

Mathur also noted the study's broader implications, from casual scenarios like sharing appetizers at a restaurant to more complex settings like drafting climate policy reports, where agreement among many is needed.

"Consensus-building is hard," Mathur said. "Like phase transitions, it's complex. But that's also where the beauty of mathematics lies -- it gives us tools to understand and quantify these challenges."

Mathur said the study contributes insights into the complexities of group coordination and decision-making, with potential applications across various fields.

Joining Mathur in the study were physicists Katherine Brown, of Hamilton College, and Onuttom Narayan, of the University of California, Santa Cruz.
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New discovery about ice layer formation in ice sheets can improve sea level rise predictions | ScienceDaily
A newly discovered mechanism for the flow and freezing of ice sheet meltwater could improve estimates of sea level rise around the globe.


						
Researchers from The University of Texas at Austin in collaboration with NASA's Jet Propulsion Laboratory (JPL) and the Geological Survey of Denmark and Greenland (GEUS) have found a new mechanism that explains the process of how impermeable horizontal ice layers are formed below the surface, a process critical for determining the contribution of ice sheet meltwater to sea level rise.

The work by Mohammad Afzal Shadab a graduate student at UT's Oden Institute for Computational Engineering and Sciences was published in Geophysical Research Letters. Shadab was supervised by study co-authors Marc Hesse and Cyril Grima at UT's Jackson School of Geosciences.

The world's two largest freshwater reservoirs, the Greenland and Antarctica ice sheets, are covered in old snow, known as firn, that's not yet compacted into solid ice. Because the firn is porous, melted snow can drain down into the firn and freeze again rather than running into the sea. This process is thought to decrease meltwater runoff by about half.

However, it's also possible to form impermeable ice layers that can serve as barriers for meltwater -- and divert meltwater to the sea, said Shadab.

"So, there are cases where these ice layers in firn accelerate the rate of meltwater running into the oceans," he said.

The potential for glacial meltwater to freeze in firns or flow off existing ice barriers makes understanding freezing dynamics within the firn layer an important part of estimating sea level rise, according to the researchers. Previous work on firn in mountains, which also contains ice layers, found that these ice layers are created when rainwater accumulates, or ponds, on older layers within the firn and then refreezes. But according to Hesse, it didn't seem to work that way for ice sheets.




"When we looked at the data from Greenland, the actual amount of melt that's being produced, even in an extreme melt event, is not enough to produce ponds," said Hesse. "And that's really where this study has come up with a new mechanism for ice layer formation."

This new research presents ice layer formation as a competition between two processes: warmer meltwater flowing down through the porous firn (advection) and the cold ice freezing the water in place by heat conduction. The depth where heat conduction begins to dominate over heat advection determines the location where a new ice layer forms.

"Now that we know the physics of the formation of those ice layers, we will be able to better predict the meltwater retention capability of firn," said study co-author Surendra Adhikari, a geophysicist at JPL.

Anja Rutishauser, a former UT postdoctoral researcher who is now a now at GEUS, also co-authored the study.

To ground truth this new mechanism, the researchers compared their models to a dataset collected in 2016 in which scientists dug a hole in Greenland's firn and heavily equipped it with thermometers and radar that could measure the movement of meltwater. While previous hydrological models deviated from the measurements, the new mechanism successfully mirrored observations.

An unexpected finding of the new work was that the location of the ice layers may act as a record of the thermal conditions under which they formed.

"In the warming scenario, we found that the ice layers form deeper and deeper into the firn chronologically in a top-down fashion," said Shadab. "And in a colder condition, ice layers form closer to the surface in a bottom-up scenario."

Today, the amount of water running into the sea from Greenland currently outpaces Antarctica's, about 270 billion tons per year compared to Antarctica's 140 billion tons. Together, that's more than two and a half Lake Tahoe's worth each year. But future predictions of how much the two ice sheets will contribute to sea level rise are highly variable, fluctuating from 5 to 55 centimeters by 2100. And it's clear ice layers play a key, and until now, poorly understood role.

"Things are much more complex in reality than what has been captured by existing models," said Adhikari. "If we really want to improve our predictions, this is where we're really advancing the state of the art."
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New study reveals food waste bans ineffective in reducing landfill waste, except in Massachusetts | ScienceDaily
Of the first five U.S. states to implement food waste bans, only Massachusetts was successful at diverting waste away from landfills and incinerators, according to a new study from the University of California Rady School of Management.


						
The paper, published today in Science, suggests a need to reevaluate current strategies, citing Massachusetts' approach as a benchmark for effective policy implementation.

Between 2014 and 2024, nine U.S. states made it unlawful for commercial waste generators -- such as grocery chains -- to dispose of their food waste in landfills, expecting a 10-15% waste reduction.

"We can say with high confidence that the combination of waste bans did not reduce landfilled waste by more than 3%, and that is including Massachusetts, which successfully reduced landfilled waste by 7% -- gradually achieving a 13.2% reduction," said Robert Evan Sanders, assistant professor of marketing at the Rady School of Management and coauthor of the paper. "Essentially, the data suggest that in four out of the five states we studied, these laws did nothing to reduce waste."

Fiorentia Anglou, coauthor of the paper, who conducted the research while earning a PhD at the University of Texas at Austin's McCombs School of Business added, "With food waste around the globe contributing 8 to 10% of greenhouse gas emissions, we certainly don't think states should abandon these laws, but more action needs to be taken to make them effective."

The authors of the paper compiled a comprehensive waste dataset covering 36 U.S. states between 1996 and 2019 to evaluate the first five implemented at the state level: California, Connecticut, Rhode Island, Vermont, and Massachusetts.

The researchers point to three distinctive features in the Massachusetts food waste ban law that when combined, likely help make it effective. They include:
    	Best composting infrastructure network. The state has the most food waste processing facilities per every 1,000 square miles in the state.
    	The simplest language: The law in Massachusetts is the easiest to understand, with the least number of exceptions and exemptions.
    	Enforcement: Massachusetts had more than triple the number of inspections per generator per year than the next nearest state, Vermont. And there was almost no enforcement -- either in inspections or fines -- in the other states.

The authors used a variant of the synthetic control method, which is used by economists and data scientists to evaluate government policy changes. The authors compared each state that adopted the ban to similar states that did not implement a waste ban. And they were able to project how much waste would have gone to landfills had California, Connecticut, Rhode Island, Vermont and Massachusetts not implemented waste bans.




"With most of these laws, about 70% of commercial organic waste would have been illegal to send to landfills," said Ioannis Stamatopoulos, coauthor of the paper and associate professor at UT Austin's McCombs School of Business. "If you take all that organic waste out of landfills, it should reduce the amount of waste that's going into landfills by 10% in some cases, and that should have been something we were able to see in the data but did not."

The researchers used data fromenvironmental state agencies of in 36 states, covering the waste produced by 274 million Americans -- or 85% of the U.S. population. Though some states provide the data on their websites, most of it was collected manually over the course of a year from public records requests and contacting state agencies.

"Our findings indicate that simply implementing a food waste ban is not enough to achieve significant reductions in landfill waste," the authors note. "Massachusetts has shown that with the right combination of comprehensive coverage and effective enforcement, these bans can work. It's crucial for other states to learn from this model and adapt their policies accordingly to meet environmental targets and reduce greenhouse gas emissions."

They added that California has taken a step in the right direction with the passage of SB 1383 in 2022, which requires every jurisdiction to provide organic waste collection services to all residents and businesses.
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Supported youth become supportive adults, researchers find | ScienceDaily
Adolescents who had emotional support from friends and relatives, and who were biologically prepared to respond well to others, were more likely to exhibit prosocial behavior and empathy for others as they entered young adulthood, compared to adolescents without that kind of backing. The findings came from a recent University of California, Davis, study of Mexican-origin teens living in the United States.


						
The study is part of a continuing assessment of multiple generations of Mexican-origin families living in the United States called the California Families Project. This was the first of these studies to look at how the adolescents' physiology and relationships worked together to support positive development across the teen years, researchers said.

"We give a lot of attention to adolescents' problems, and of course that's important, but we also need to learn more about what helps youths to thrive and live better lives as kind and caring adults," said Paul Hastings, professor of psychology and the lead author of the paper.

Hastings said the research is important when one considers that in California more than half of children and adolescents identify as Latino or Latinx, and the majority of these families identify Mexico as their country of origin. The people studied were living in Northern California at the time.

The study found that family support predicted the youths' helpful and compassionate actions toward people they were close to, whereas youths who had good friend support systems became more engaged in volunteer work and other helpful community actions by 19 years of age. In addition, adolescents with physiology that prepared them to be sensitive to others were more likely to be empathic, helpful and kind.

The study was published in Developmental Psychology, a journal of the American Psychological Association, in August.

Researchers looked at 229 Mexican-origin adolescents from fifth grade onward (ages 10 through 19), with data collected from 2006 through 2016. They assessed adolescents' electrocardiography (heart rate activity), their socialization in relationships with family and friends, and multiple aspects of their prosocial tendencies, including empathy, helpfulness, kindness and civic engagement with their communities.




The study was performed by researchers conducting individual assessments using questionnaires, behavioral tasks, and physiological monitoring of the youths' ability to manage their physiological arousal. Youths reported on social support they received from family and friends in surveys between ages 10 to 16. They then had their baseline respiratory sinus arrhythmia, or RSA, measured at 17. Empathy and prosocial behavior were assessed at ages 17 and 19.

"The unique benefit of having supportive friendships was evident for emerging adults' engagement in broader community-oriented prosocial behaviors," researchers wrote.

"This finding suggests that feeling secure and connected may be particularly important for youths to be prepared to engage with the broader community," Hastings said.

Additional authors of the paper include Jonas Miller, University of Connecticut; Davis G. Weissman, California State University Dominguez Hills; Gustavo Carlo, UC Irvine; and from UC Davis, Richard W. Robins (psychology), Amanda E. Guyer (human ecology), and Ryan T. Hodge (human development).

The research was supported by the National Institute of Mental Health and the National Institute on Drug Abuse.
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Personal carbon footprint of the rich is vastly underestimated by rich and poor alike, study finds | ScienceDaily
The personal carbon footprint of the richest people in society is grossly underestimated, both by the rich themselves and by those on middle and lower incomes, no matter which country they come from. At the same time, both the rich and the poor drastically overestimate the carbon footprint of the poorest people.


						
An international group of researchers, led by the Copenhagen Business School, the University of Basel and the University of Cambridge, surveyed 4,000 people from Denmark, India, Nigeria and the United States about inequality in personal carbon footprints - the total amount of greenhouse gases produced by a person's activities - within their own country.

Although it is well-known that there is a large gap between the carbon footprint of the richest and poorest in society, it's been unclear whether individuals were aware of this inequality. The four countries chosen for the survey are all different in terms of wealth, lifestyle and culture. Survey participants also differed in their personal income, with half of participants belonging to the top 10% of income in their country.

The vast majority of participants across the four countries overestimated the average personal carbon footprint of the poorest 50% and underestimated those of the richest 10% and 1%.

However, participants from the top 10% were more likely to support certain climate policies, such as increasing the price of electricity during peak periods, taxing red meat consumption or subsidising carbon dioxide removal technologies such as carbon capture and storage.

The researchers say that this may reflect generally higher education levels among high earners, a greater ability to absorb price-based policies or a stronger preference for technological solutions to the climate crisis. The results are reported in the journal Nature Climate Change.

Although the concept of a personal carbon or environmental footprint has been used for over 40 years, it became widely popularised in the mid-2000s, when the fossil fuel company BP ran a large advertising campaign encouraging people to determine and reduce their personal carbon footprint.




"There are definitely groups out there who would like to push the responsibility of reducing carbon emissions away from corporations and onto individuals, which is problematic," said co-author Dr Ramit Debnath, Assistant Professor and Cambridge Zero Fellow at the University of Cambridge. "However, personal carbon footprints can illustrate the profound inequality within and between countries and help people identify how to live in a more climate-friendly way."

Previous research has shown widespread misperceptions about how certain consumer behaviours affect an individual's carbon footprint. For example, recycling, shutting off the lights when leaving a room and avoiding plastic packaging are lower-impact behaviours that are overestimated in terms of how much they can reduce one's carbon footprint. On the other end, the impact of behaviours such as red meat consumption, heating and cooling homes, and air travel all tend to be underestimated.

However, there is limited research on whether these misperceptions extend to people's perceptions of the composition and scale of personal carbon footprints and their ability to make comparisons between different groups.

The four countries selected for the survey (Denmark, India, Nigeria and the US) were chosen due to their different per-capita carbon emissions and their levels of economic inequality. Within each country, approximately 1,000 participants were surveyed, with half of each participant group from the top 10% of their country and the other half from the bottom 90%.

Participants were asked to estimate the average personal carbon footprints specific to three income groups (the bottom 50%, the top 10%, and the top 1% of income) within their country. Most participants overestimated the average personal carbon footprint for the bottom 50% of income and underestimated the average footprints for the top 10% and top 1% of income.

"These countries are very different, but we found the rich are pretty similar no matter where you go, and their concerns are different to the rest of society," said Debnath. 

The researchers also looked at whether people's ideas of carbon footprint inequality were related to their support for different climate policies. They found that Danish and Nigerian participants who underestimated carbon footprint inequality were generally less supportive of climate policies. They also found that Indian participants from the top 10% were generally more supportive of climate policies, potentially reflecting their higher education and greater resources.




"Poorer people have more immediate concerns, such as how they're going to pay their rent, or support their families," said first author Dr Kristian Steensen Nielsen from Copenhagen Business School. "But across all income groups, people want real solutions to the climate crisis, whether those are regulatory or technological. However, the people with the highest carbon footprints bear the greatest responsibility for changing their lifestyles and reducing their footprints."

After learning about the actual carbon footprint inequality, most participants found it slightly unfair, with those in Denmark and the United States finding it the most unfair. However, people from the top 10% generally found the inequality fairer than the general population, except in India. "This could be because they're trying to justify their larger carbon footprints," said Debnath.

The researchers say that more work is needed to determine the best ways to promote fairness and justice in climate action across countries, cultures and communities.

"Due to their greater financial and political influence, most climate policies reflect the interests of the richest in society and rarely involve fundamental changes to their lifestyles or social status," said Debnath.

"Greater awareness and discussion of existing inequality in personal carbon footprints can help build political pressure to address these inequalities and develop climate solutions that work for all," said Nielsen.

The research was supported in part by the Carlsberg Foundation, the Bill & Melinda Gates Foundation, the Quadrature Climate Foundation and the Swiss National Science Foundation.
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Doctors and patients interested in environmental impact of health care decisions, study finds | ScienceDaily
Concerns about the environmental impact of healthcare decisions rarely enter into conversations between patients and physicians. However, evidence from a new study led by researchers at Dana-Farber Cancer Institute, shows there's broad interest in changing that.


						
In a series of focus groups conducted in different areas of the United States, doctors and patients expressed openness to considering environmental factors when discussing treatment options. The findings, presented in a paper published online today by Nature Climate Change, suggest that educating physicians about the environmental costs of treatment -- and how those costs may be reduced while continuing to deliver excellent care -- can be a first step toward that goal.

"Studies have shown that the U.S. healthcare industry is responsible for 8.5% of national greenhouse gases emissions and about 25% of healthcare emissions worldwide," said Andrew Hantel, MD, a faculty member in the Divisions of Leukemia and Population Sciences at Dana-Farber Cancer Institute who led the study with Dana-Farber colleague Gregory Abel, MD, MPH. "The downstream health consequences of these emissions are responsible for the same level of loss of life as pancreatic cancer or colon cancer every year.

"If healthcare emissions are contributing to climate change that is resulting in this level of harm, we wanted to assess if and how physicians view their responsibility to address this issue," he continues. "We also asked patients how willing they would be to make changes in their care that might reduce emissions and limit harm to others."

Researchers conducted seven focus groups -- three made up of physicians, four of patients -- involving 46 people in all. Patients, on the whole, were interested in talking about these issues and learning about treatment alternatives that are equally effective but less damaging to the environment.

"Asthma or COPD [chronic obstructive pulmonary disease], for example, can be managed in part using powdered or aerosolized inhalers," Hantel relates. "For many patients they're equally effective medications, but powdered inhalers have significant environmental benefits."

Roughly two-thirds of the focus group participants identified as members of racial and ethnic minority groups, who often experience the harshest effects of climate change despite being less responsible for those effects than other groups. Many of them were interested in making environmentally conscious health decisions but wanted to ensure that the main contributors to climate change were also held accountable, researchers found. Some participants expressed a concern that physicians' paternalism might be a deterrent to having climate-informed discussions with patients.




Many of the physicians in the focus groups incorrectly assumed that patients were not interested in discussing the environmental consequences of health choices, researchers found. Even if patients were interested, physicians said their medical school education hadn't prepared them to address the subject adequately.

At the same time, physicians felt their ability to act in a climate-informed fashion was limited by a healthcare culture oriented toward consumption of natural resources. "There was a sense of systemic headwinds against the kind of changes that can be beneficial for patients as well as the environment," Hantel observes.

Physicians and patients generally agreed that patients' immediate health should be prioritized over environmental concerns. In situations where there's co-benefit, however, both groups were open to actions that reduce environmental impact.

"Our findings point to the need to better educate physicians and health professionals about changes they can make, as well as those they can advocate for within their institutions, which benefit patients but also are less toxic to the environment," Hantel comments. "The goal isn't to shift the burden of climate-informed healthcare decisions onto patients, but to engage with them on these issues and make sure they're a normal part of conversations with their doctors."

The study was supported by the Greenwall Foundation.
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Path to prosperity for planet and people shrinking rapidly, scientists warn | ScienceDaily
Our planet will only remain able to provide even the most 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, a new report shows. The report is co-authored by over sixty leading natural and social scientists from the Earth Commission, led by the UvA's Joyeeta Gupta, as well as Prof. Xuemei Bai and Prof. Diana Liverman. The report was published today in The Lancet Planetary Health.


						
The new research builds on the 'Safe and Just Earth System Boundaries' published in Nature last year, which found that most of the vital limits within which people and the planet can thrive have been surpassed. The new paper identifies the 'Safe and Just Space' -- within which harm to humans and nature can be minimised while ensuring everyone can be provided for -- and sets out the paths to reach and stay in such a space.

Already shrinking

But future projections to 2050 show that this space will shrink over time, driven by inequality, unless urgent transformations take place. 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 -- alongside economic and technological transformation.

The new work found that inequalities and overconsumption of finite resources by a minority are key drivers of this shrinking. Providing minimum resources for those who don't currently have enough would add much less pressure on the Earth system than that currently caused by the minority who use far greater resources.

Joyeeta Gupta: 'We're beginning to realise the damage that inequality is doing to the Earth. Increasing pollution and poor management of natural resources is causing significant harm to people and nature. The longer we continue to widen the gap between those who have too much and those who don't have enough, the more extreme the consequences for all, as the support systems which underpin our way of life, our markets and our economies begin to collapse.'

A life free from poverty

If the Earth System Boundaries represent the "ceiling," above which Earth systems can no longer remain stable and resilient, and significant damage could be caused to people and nature, the Safe and Just Space represents a "foundation," showing us the minimum the global population needs from the Earth system, in order to live a life free from poverty. The space in between is full of opportunities that we can use to ensure a better future for people and planet.

To reach this space, the paper calls for change in three areas. Firstly, a push for changes to how we run the economy, finding new policies and funding mechanisms that can address inequality whilst reducing pressure on nature and climate. Secondly, more efficient and effective management, sharing and usage of resources at every level of society -- including addressing the excess consumption of some communities which is limiting access to basic resources for those who need them the most. Thirdly, investment in sustainable and affordable technologies, which will be 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.

Gupta: 'It remains possible for all humans to escape poverty and be safe from harm caused by Earth system change -- but the planet's ability to provide and protect is being stretched past its limits.'
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Foods with low Nutri-Scores associated with an increased risk of cardiovascular diseases, study finds | ScienceDaily
Cardiovascular diseases are the leading cause of mortality in Western Europe, accounting for one third of deaths in 2019. Diet is thought to be responsible for around 30% of such deaths. Nutrition-related prevention policies therefore constitute a major public health challenge for these diseases.


						
In an article to be published on 11 September 2024 in Lancet Regional Health -- Europe, researchers from the Nutritional Epidemiology Research Team (CRESS-EREN), with members from Inserm, Inrae, Cnam, Universite Sorbonne Paris Nord and Universite Paris Cite, in collaboration with researchers from the International Agency for Research on Cancer (WHO-IARC), report an increased risk of cardiovascular diseases associated with the consumption of foods that rank less favourably on the Nutri-Score scale (new 2024 version) within the European cohort EPIC. A total of 345,533 participants from the cohort, spread across 7 European countries and followed for 12 years, were included in the analyses.

Officially adopted in France in 2017 (and in 6 other European countries since), the Nutri-Score aims to provide rapid information on the nutritional quality of foods and drinks to help and encourage consumers to compare them and choose those that offer a better nutritional quality. In parallel, it encourages manufacturers to improve the nutritional quality of their products.

The Nutri-Score has 5 categories, ranging from A (dark green -- higher nutritional quality) to E (dark orange -- lower nutritional quality). An algorithm ranks each product according to its levels -- per 100 g -- of energy, sugars, saturated fatty acids and salt (to limit) and proteins, fruits, vegetables and pulses (to favour).

A number of studies published in international scientific journals have shown the validity of Nutri-Score in characterising the nutritional quality of foods and its efficacy in guiding consumers towards more nutritious choices (over 140 publications). In particular, links between the consumption of foods with a less favourable Nutri-Score (lower nutritional quality) and an increased risk of cardiovascular diseases have so far been observed in French studies (SU.VI.MAX and NutriNet-Sante cohorts). Studies in France, UK, Spain and Italy have also seen similar associations with an increased risk of various chronic diseases as well as higher mortality.

In this new study, the researchers focused on the latest version of the Nutri-Score algorithm (updated in 2024, see box), linked to the risk of cardiovascular diseases, in a large population spread across 7 European countries, with the aim of providing new scientific evidence for validating the Nutri-Score on a European scale. It follows two studies published in 2018 and 2020 in the same population on cancer risk and mortality.

A total of 345,533 participants from the EPIC (European Prospective Investigation into Cancer and Nutrition) cohort were included in the analyses. During the follow-up (12 years, between 1992 and 2010), 16,214 participants developed a cardiovascular disease (6,565 of whom had myocardial infarction and 6,245 stroke). The findings show that the participants consuming on average more foods with less favourable Nutri-Score, reflecting lower nutritional quality, were at increased risk of cardiovascular diseases, particularly myocardial infarction and stroke. These associations were significant after a large number of sociodemographic and lifestyle factors were taken into account.




"These findings confirm the relevance of Nutri-Score as a public health tool to guide consumers in their food choices with the goal of preventing chronic diseases," emphasises Inserm researcher Melanie Deschasaux-Tanguy.

"They also provide key elements to support the adoption of Nutri-Score as a mandatory nutritional logo in Europe," explains Mathilde Touvier, Inserm research director.

A new version of the Nutri-Score in 2024

Changes to the calculation of the Nutri-Score were recently proposed by the international scientific committee responsible for its monitoring in order to improve its consistency with nutritional recommendations. This new version of the Nutri-Score is expected to come into force in 2024 with a gradual roll-out in the months to come. However, due to European labelling regulations, manufacturers are under no obligation to use Nutri-Score on their packaging.

While many companies and brands (over 1,400 in France) have so far committed to using Nutri-Score on their products, harmonisation at European level is needed to ensure the mandatory implementation of a single logo that is effective and useful for citizens. This harmonisation is envisaged as part of the European Commission's Farm to Fork strategy.
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        South African rock art possibly inspired by long-extinct species
        A mysterious tusked animal depicted in South African rock art might portray an ancient species preserved as fossils in the same region, according to a new study.

      

      
        Flexible circuits made with silk and graphene on the horizon
        Ultra-thin layers of silk deposited on graphene in perfect alignment represent a key advance for the control needed in microelectronics and advanced neural network development.

      

      
        Magnifying deep space through the 'carousel lens'
        A newly discovered cluster-scale strong gravitational lens, with a rare alignment of seven background lensed galaxies, provides a unique opportunity to study cosmology.

      

      
        Why petting your cat leads to static electricity
        Static electricity was first observed in 600 B.C., but researchers have struggled to explain how rubbing causes it. In 2019, researchers discovered nanosized surface deformations at play. The same researchers now say different electrical charges build up on the front and back parts of a sliding object, creating a current.

      

      
        Gargantuan black hole jets are biggest seen yet
        Astronomers have spotted the biggest pair of black hole jets ever seen, spanning 23 million light-years in total length. That's equivalent to lining up 140 Milky Way galaxies back to back.

      

      
        NASA's Webb provides another look into galactic collisions
        Astronomers examined galaxy Arp 107 which has revealed a wealth of information about star-formation and how two galaxies collided hundreds of million years ago. Arp 107 is located 465 million light-years from Earth in the constellation Leo Minor.

      

      
        Measuring how much wood a wood shuck shucks with all-new wood shuck food
        Researchers want to transform the natural and abundant resource wood into useful materials, and central to that is a molecular machine found in fungi that decomposes the complex raw material into its basic components. Researchers have come up with a test feed for the fungal molecular machine that allows them to observe its close-to-natural action, opening the door to improving it and to putting it to industrial application.

      

      
        Early dingoes are related to dogs from New Guinea and East Asia
        New archaeological research has discovered for the first time clear links between fossils of the iconic Australian dingo, and dogs from East Asia and New Guinea.

      

      
        'Scuba-diving' lizards use bubble to breathe underwater and avoid predators
        A species of semi-aquatic lizard produces a special bubble over its nostrils to breathe underwater and avoid predators.

      

      
        New understanding of the limits on nano-noise
        Thanks to nanoscale devices as small as human cells, researchers can create groundbreaking material properties, leading to smaller, faster, and more energy-efficient electronics. However, to fully unlock the potential of nanotechnology, addressing noise is crucial. A research team has taken a significant step toward unraveling fundamental constraints on noise, paving the way for future nanoelectronics.

      

      
        A wobble from Mars could be sign of dark matter
        Watching for changes in Mars' orbit over time could be new way to detect passing dark matter, according to researchers.

      

      
        Synthetic mini-motor with enormous power developed
        Researchers developed an artificial motor at the supramolecular level that can develop impressive power. This wind-up motor is a tiny ribbon made of special molecules. When energy is applied, this ribbon aligns itself, moves like a small fin and can thus push objects. The energy for this comes from a chemical fuel.

      

      
        More black holes than expected in the early universe
        With the help of NASA's Hubble Space Telescope, an international team of scientists has found more black holes in the early universe than has previously been reported. The new result can help scientists understand how supermassive black holes were created.

      

      
        Beneath the brushstrokes, van Gogh's sky is alive with real-world physics
        Van Gogh's brushstrokes in 'The Starry Night' create an illusion of sky movement so convincing it led researchers to wonder how closely it aligns with the physics of real skies. Marine sciences and fluid dynamics specialists analyzed the painting to uncover what they call the hidden turbulence in the artwork. They used brushstrokes to examine the shape, energy, and scaling of atmospheric characteristics of the otherwise invisible atmosphere and used the relative brightness of the varying paint co...

      

      
        New species of wasp 'hidden in plain sight' discovered by researchers
        Creating a buzz, a biologist's research has led to the discovery of a new parasitic wasp species with unusual biology in the Eastern U.S., opening doors for future research in fundamental biological processes.

      

      
        Cow slime can help disc herniation patients after surgery, research shows
        Researchers have developed a gel inspired by cow slime for patients suffering from disc herniation. By adding the mucin gel immediately after surgery, it is possible to create a protective barrier around the discs to prevent the immune system from attacking their nucleus pulposus. This keeps the discs intact and reduces the risk of further damage.

      

      
        Astronomers detect black hole 'starving' its host galaxy to death
        Astronomers have used the NASA/ESA James Webb Space Telescope to confirm that supermassive black holes can starve their host galaxies of the fuel they need to form new stars.

      

      
        New 'grumpy' fish species discovered in the Red Sea
        Scientists have discovered a new species of fish, the 'grumpy dwarfgoby'. Found among coral reefs in the Red Sea, it has large canines and a fierce expression, even though it is only 2 cm long. Its existence highlights the region's rich biodiversity, but also stresses the need for conservation efforts as climate change causes major disturbances to the reef's ecosystem.

      

      
        Early dark energy could resolve cosmology's two biggest puzzles
        Physicists propose that a mysterious force known as early dark energy could solve two of the biggest puzzles in cosmology and fill in some major gaps in our understanding of how the early universe evolved.

      

      
        Energy transmission in quantum field theory requires information
        An international team of researchers has found a simple relationship between the rates of energy and information transmission across an interface connecting two quantum field theories.

      

      
        Bacteria work together to thrive in difficult conditions
        In a new study, researchers have determined through both statistical analysis and in experiments that soil pH is a driver of microbial community composition -- but that the need to address toxicity released during nitrogen cycling ultimately shapes the final microbial community.

      

      
        Huge gamma-ray burst collection 'rivals 250-year-old Messier catalog'
        Hundreds of gamma-ray bursts (GRBs) have been recorded as part of an enormous global effort so extensive it 'rivals the catalog of deep-sky objects created by Messier 250 years ago', astronomers say. GRBs are the most violent explosions in the Universe, releasing more energy than the Sun would in 10 billion years. They occur when either a massive star dies or two neutron stars merge.

      

      
        How El Nino and mega ocean warming caused the greatest-ever mass extinction
        Mega ocean warming El Nino events were key in driving the largest extinction of life on planet Earth some 252 million years ago, according to new research. The study has shed new light on why the effects of rapid climate change in the Permian-Triassic warming were so devastating for all forms of life in the sea and on land.

      

      
        Climate-change-triggered 2023 mega-landslide caused Earth to vibrate for nine days
        A landslide in a remote part of Greenland caused a 200 meter (650 foot) mega-tsunami that sloshed back and forth across a fjord for nine days, generating vibrations throughout Earth, according to a new study. The study concluded that this movement of water was the cause of a mysterious, global seismic signal that lasted for nine days and puzzled seismologists in September 2023.

      

      
        Invisibility cloaks? Wave scattering simulation unlocks potential for advanced metamaterials
        Could invisibility cloaks become a reality? New research brings this science fiction concept a step closer, with a breakthrough software package that simulates how waves interact with complex materials.

      

      
        Trilobite fossils from upstate New York reveal 'extra' set of legs
        A new study finds that a trilobite species with exceptionally well-preserved fossils from upstate New York has an additional set of legs underneath its head. The research suggests that having a fifth pair of head appendages might be more widespread among trilobites than once thought and helps researchers better understand how trilobite heads are segmented.

      

      
        New fossil fish species scales up evidence of Earth's evolutionary march
        Climate change and asteroids are linked with animal origin and extinction -- and plate tectonics also seems to play a key evolutionary role, 'groundbreaking' new fossil research reveals. The discovery of an exceptionally well preserved ancient primitive Devonian coelacanth fish in remote Western Australia has been linked to a period of heightened tectonic activity, or movement in the Earth's crust, according to the new study.

      

      
        Hair-thin wire to help simulate cosmic conditions
        Extreme conditions prevail inside stars and planets. The pressure reaches millions of bars, and it can be several million degrees hot. Sophisticated methods make it possible to create such states of matter in the laboratory -- albeit only for the blink of an eye and in a tiny volume. So far, this has required the world's most powerful lasers, and the opportunities for experiments are correspondingly rare. A research team has now succeeded in creating and observing extreme conditions with a much s...

      

      
        NASA's Webb peers into the extreme outer galaxy
        Astronomers have directed NASA's James Webb Space Telescope to examine the outskirts of our Milky Way galaxy. Scientists call this region the Extreme Outer Galaxy due to its location more than 58,000 light-years away from the Galactic Center. (For comparison, Earth is approximately 26,000 light-years from the center.)

      

      
        Powered by renewable energy, microbes turn CO2 into protein and vitamins
        Researchers can harvest protein and vitamin B9 from microbes by feeding them nothing much more than hydrogen, oxygen, and CO2. The technology runs on renewable energy to produce a sustainable, micronutrient-enriched protein alternative that may one day make it to our plates.

      

      
        Quantum researchers cause controlled 'wobble' in the nucleus of a single atom
        Researchers have been able to initiate a controlled movement in the very heart of an atom. They caused the atomic nucleus to interact with one of the electrons in the outermost shells of the atom. This electron could be manipulated and read out through the needle of a scanning tunneling microscope. The research offers prospects for storing quantum information inside the nucleus, where it is safe from external disturbances.

      

      
        Researchers discover building blocks that could 'revolutionize computing'
        A research team has made a major discovery by designing molecules that could revolutionize computing.

      

      
        Research reveals reality of Ice Age teen puberty
        Landmark new research shows Ice Age teens from 25,000 years ago went through similar puberty stages as modern-day adolescents.
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South African rock art possibly inspired by long-extinct species | ScienceDaily
A mysterious tusked animal depicted in South African rock art might portray an ancient species preserved as fossils in the same region, according to a study published September 18, 2024 in the open-access journal PLOS ONE by Julien Benoit of the University of the Witwatersrand, Johannesburg, South Africa.


						
The Horned Serpent panel is a section of rock wall featuring artwork of animals and other cultural elements associated with the San people of South Africa, originally painted between 1821 and 1835. Among the painted figures is a long-bodied animal with downward-turned tusks which doesn't match any known modern species in the area. As the San people are known to have included various aspects of their surroundings into art, including fossils, Benoit suggests the tusked creature might have been inspired by an extinct species.

The Karoo Basin of South Africa is famous for abundant well-preserved fossils, including tusked animals called dicynodonts, which are often found eroding out of the ground. Benoit revisited the Horned Serpent panel and found the tusked figure comparable with dicynodont fossils, an interpretation that is also supported by San myths of large animals that once roamed the region but are now extinct. If the tusked figure is in fact an artistic interpretation of a dicynodont, a species which went extinct before dinosaurs appeared and were long extinct when humans appeared in Africa, it would predate the first scientific description of these ancient animals by at least ten years.

There is archaeological evidence that the San people might have collected fossils and incorporated them into their artwork, but the extent of indigenous knowledge of paleontology is poorly understood across Africa. Further research into indigenous cultures might shed more light on how humans around the world have incorporated fossils into their culture.

Julien Benoit adds: "The painting was made in 1835 at the latest, which means this dicynodont was depicted at least ten years before the western scientific discovery and naming of the first dicynodont by Richard Owen in 1845. This work supports that the first inhabitants of southern Africa, the San hunter-gatherers, discovered fossils, interpreted them and integrated them in their rock art and belief system."
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Flexible circuits made with silk and graphene on the horizon | ScienceDaily
After thousands of years as a highly valuable commodity, silk continues to surprise. Now it may help usher in a whole new direction for microelectronics and computing.


						
While silk protein has been deployed in designer electronics, its use is currently limited in part because silk fibers are a messy tangle of spaghetti-like strands.

Now, a research team led by scientists at the Department of Energy's Pacific Northwest National Laboratory has tamed the tangle. They report in the journal Science Advances that they have achieved a uniform two-dimensional (2D) layer of silk protein fragments, or "fibroins," on graphene, a carbon-based material useful for its excellent electrical conductivity.

"These results provide a reproducible method for silk protein self-assembly that is essential for designing and fabricating silk-based electronics," said Chenyang Shi, the study's lead author. "It's important to note that this system is nontoxic and water-based, which is crucial for biocompatibility."

This combination of materials -- silk-on-graphene -- could form a sensitive, tunable transistor highly desired by the microelectronics industry for wearable and implantable health sensors. The PNNL team also sees potential for their use as a key component of memory transistors or "memristors," in computing neural networks. Memristors, used in neural networks, allow computers to mimic how the human brain functions.

The Silk Road

For centuries, silkworm silk production was a closely guarded secret in China, while its fame spread through the celebrated Silk Road trade routes to India, the Middle East, and eventually Europe. By the Middle Ages, silk had become a status symbol and a coveted commodity in European markets. Even today, silk is associated with luxury and status.




The same underlying properties that make silk fabric world-renowned -- elasticity, durability, and strength -- have led to its use in advanced materials applications.

"There's been a lot of research using silk as a way of modulating electronic signals, but because silk proteins are naturally disordered, there's only so much control that's been possible," said James De Yoreo, a Battelle Fellow at PNNL with a dual appointment as a Professor of Materials Science and Engineering and of Chemistry at the University of Washington. "So, with our experience in controlling material growth on surfaces, we thought 'what if we can make a better interface?'"

To do that, the team carefully controlled the reaction conditions, adding individual silk fibers to the water-based system in a precise manner. Through precision laboratory conditions, the team achieved a highly organized 2D layer of proteins packed in precise parallel b-sheets, one of the most common protein shapes in nature. Further imaging studies and complementary theoretical calculations showed that the thin silk layer adopts a stable structure with features found in natural silk. An electronic structure at this scale -- less than half the thickness of a strand of DNA -- supports the miniaturization found everywhere in the bio-electronics industry.

"This type of material lends itself to what we call field effects," said De Yoreo. "This means that it's a transistor switch that flips on or off in response to a signal. If you add, say, an antibody to it, then when a target protein binds, you cause a transistor to switch states."

Indeed, the researchers are planning to use this starting material and technique to create their own artificial silk with functional proteins added to it to enhance its usefulness and specificity.

This study represents the first step in controlled silk layering on functional electronic components. Key areas of future research include improving the stability and conductivity of silk-integrated circuits and exploring silk's potential in biodegradable electronics to increase the use of green chemistry in electronic manufacturing.

In addition to De Yoreo, PNNL materials scientist Shuai Zhang and Xiang Yang Liu of Xiamen University, Xiamen, China, were co-lead authors of the study. Other contributors include Marlo Zorman of the University of Washington, Seattle; Xiao Zhao and Miquel B. Salmeron of Lawrence Berkeley National Laboratory; and Jim Pfaendtner of North Carolina State University.

This study was supported by the DOE Office of Science, Basic Energy Sciences program. The molecular dynamics simulations and scanning Kelvin probe microscopy measurements were supported by the DOE BES Energy Frontiers Research Centers program through CSSAS: The Center for the Sciences of Synthesis Across Scales at the University of Washington.
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Magnifying deep space through the 'carousel lens' | ScienceDaily
In a rare and extraordinary discovery, researchers have identified a unique configuration of galaxies that form the most exquisitely aligned gravitational lens found to date. The Carousel Lens is a massive cluster-scale gravitational lens system that will enable researchers to delve deeper into the mysteries of the cosmos, including dark matter and dark energy.


						
"This is an amazingly lucky 'galactic line-up' -- a chance alignment of multiple galaxies across a line-of-sight spanning most of the observable universe," said David Schlegel, a co-author of the study and a senior scientist in Berkeley Lab's Physics Division. "Finding one such alignment is a needle in the haystack. Finding all of these is like eight needles precisely lined up inside that haystack."

The Carousel Lens is an alignment consisting of one foreground galaxy cluster (the 'lens') and seven background galaxies spanning immense cosmic distances and seen through the gravitationally distorted space-time around the lens. In the dramatic image below:
    	The lensing cluster, located 5 billion light years away from Earth, is shown by its four brightest and most massive galaxies (indicated by La, Lb, Lc, and Ld), and these constitute the foreground of the image.
    	Seven unique galaxies (numbered 1 through 7), appear through the lens. These are located far beyond, at distances from 7.6 to 12 billion light years away from Earth, approaching the limit of the observable universe.
    	Each galaxy's repeated appearances (indicated by each number's letter index, e.g., a through d) show differences in shape that are curved and stretched into multiple "fun house mirror" iterations caused by the warped space-time around the lens.
    	Of particular interest is the discovery of an Einstein Cross -- the largest known to date -- shown in galaxy number 4's multiple appearances (indicated by 4a, 4b, 4c, and 4d). This rare configuration of multiple images around the center of the lens is an indication of the symmetrical distribution of the lens' mass (dominated by invisible dark matter) and plays a key role in the lens-modeling process.

Light traveling from far-distant space can be magnified and curved as it passes through the gravitationally distorted space-time of nearer galaxies or clusters of galaxies. In rare instances, a configuration of objects aligns nearly perfectly to form a strong gravitational lens. Using an abundance of new data from the Dark Energy Spectroscopic Instrument (DESI) Legacy Imaging Surveys, recent observations from NASA's Hubble Space Telescope, and the Perlmutter supercomputer at the National Energy Research Scientific Computing Center (NERSC), the research team built on their earlier studies (in May 2020 and Feb 2021) to identify likely strong lens candidates, laying the groundwork for the current discovery.

"Our team has been searching for strong lenses and modeling the most valuable systems," explains Xiaosheng Huang, a study co-author and member of Berkeley Lab's Supernova Cosmology Project, and a professor of physics and astronomy at the University of San Francisco. "The Carousel Lens is an incredible alignment of seven galaxies in five groupings that line up nearly perfectly behind the foreground cluster lens. As they appear through the lens, the multiple images of each of the background galaxies form approximately concentric circular patterns around the foreground lens, as in a carousel. It's an unprecedented discovery, and the computational model generated shows a highly promising prospect for measuring the properties of the cosmos, including those of dark matter and dark energy."

The study also involved several Berkeley Lab student researchers, including the lead author, William Sheu, an undergraduate student intern with DESI at the beginning of this study, now a PhD student at UCLA and a DESI collaborator.

The Carousel Lens will enable researchers to study dark energy and dark matter in entirely new ways based on the strength of the observational data and its computational model.

"This is an extremely unusual alignment, which by itself will provide a testbed for cosmological studies," observes Nathalie Palanque-Delabrouille, director of Berkeley Lab's Physics Division. "It also shows how the imaging done for DESI can be leveraged for other scientific applications," such as investigating the mysteries of dark matter and the accelerating expansion of the universe, which is driven by dark energy.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240918125107.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Why petting your cat leads to static electricity | ScienceDaily
Anyone who has ever pet a cat or shuffled their feet across the carpet knows that rubbing objects together generates static electricity. But an explanation for this phenomenon has eluded researchers for more than two millennia.


						
Now, Northwestern University scientists have finally uncovered the mechanics at play.

When an object slides, the front and back parts of that object experience different forces, researchers found. This difference in forces causes different electrical charges to build up on the front and back parts of the object. And the difference in electrical charges creates a current, leading to a light zap.

The study was published yesterday (Sept. 17) in the journal Nano Letters.

"For the first time, we are able to explain a mystery that nobody could before: why rubbing matters," said Northwestern's Laurence Marks, who led the study. "People have tried, but they could not explain experimental results without making assumptions that were not justified or justifiable. We now can, and the answer is surprisingly simple. Just having different deformations -- and therefore different charges -- at the front and back of something sliding leads to current."

An expert in surface structures, Marks is a professor emeritus of materials science and engineering at Northwestern's McCormick School of Engineering. Karl Olson, a Ph.D. student in Marks' research group, is the paper's first author.

Greek philosopher Thales of Miletus first reported friction-induced static electricity in 600 B.C. After rubbing amber with fur, he noticed the fur attracted dust.




"Since then, it has become clear that rubbing induces static charging in all insulators -- not just fur," Marks said. "However, this is more or less where the scientific consensus ended."

Marks and his team started to unravel the mystery in 2019. In a study published in Physical Review Letters, they reported that rubbing two materials together bends tiny protrusions on the surfaces of those materials. Those bent, deformed protrusions give rise to voltages, the researchers found.

"In 2019, we had the seed of what was going on. However, like all seeds, it needed time to grow," Marks said. "Now, it has blossomed. We developed a new model that calculates electrical current. The values for the current for a range of different cases were in good agreement with experimental results."

A concept called "elastic shear" lies at the heart of the new model. Elastic shear can occur when a material resists a sliding force. If a person pushes a plate across a table, the plate will resist sliding. As soon as the person stops pushing it, the plate stops moving. This added friction -- caused by the resistance to sliding -- causes electrical charges to move.

"Sliding and shear are intimately connected," Marks said.

Although static electricity can cause funny mishaps, like hair standing on end after going down a playground slide, it also can lead to serious problems. For example, sparks from static electricity cause industrial fires and even explosions. It also can hinder consistent dosing for powdered pharmaceuticals. With a better understanding of the mechanisms at play, researchers potentially could introduce new solutions to these issues.

"Static electricity affects life in both simple and profound ways," Marks said. "Charging grains with static electricity has a major influence on how coffee beans are ground and taste. The Earth would probably not be a planet without a key step in the clumping of particles that form planets, which occurs because of the static electricity generated by colliding grains. It's amazing how much of our lives are touched by static electricity and how much of the universe depends on it."

The study, "What puts the 'tribo' in triboelectricity," was supported by Northwestern Engineering.
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Gargantuan black hole jets are biggest seen yet | ScienceDaily
Astronomers have spotted the biggest pair of black hole jets ever seen, spanning 23 million light-years in total length. That's equivalent to lining up 140 Milky Way galaxies back to back.


						
"This pair is not just the size of a solar system, or a Milky Way; we are talking about 140 Milky Way diameters in total," says Martijn Oei, a Caltech postdoctoral scholar and lead author of a new Nature paper reporting the findings. "The Milky Way would be a little dot in these two giant eruptions."

The jet megastructure, nicknamed Porphyrion after a giant in Greek mythology, dates to a time when our universe was 6.3 billion years old, or less than half its present age of 13.8 billion years. These fierce outflows -- with a total power output equivalent to trillions of suns -- shoot out from above and below a supermassive black hole at the heart of a remote galaxy.

Prior to Porphyrion's discovery, the largest confirmed jet system was Alcyoneus, also named after a giant in Greek mythology. Alcyoneus, which was discovered in 2022 by the same team that found Porphyrion, spans the equivalent of around 100 Milky Ways. For comparison, the well-known Centaurus A jets, the closest major jet system to Earth, spans 10 Milky Ways.

The latest finding suggests that these giant jet systems may have had a larger influence on the formation of galaxies in the young universe than previously believed. Porphyrion existed during an early epoch when the wispy filaments that connect and feed galaxies, known as the cosmic web, were closer together than they are now. That means enormous jets like Porphyrion reached across a greater portion of the cosmic web compared to jets in the local universe.

"Astronomers believe that galaxies and their central black holes co-evolve, and one key aspect of this is that jets can spread huge amounts of energy that affect the growth of their host galaxies and other galaxies near them," says co-author George Djorgovski, professor of astronomy and data science at Caltech. "This discovery shows that their effects can extend much farther out than we thought."

Unveiling a Vast Population 

The Porphyrion jet system is the biggest found so far during a sky survey that has revealed a shocking number of the faint megastructures: more than 10,000. This massive population of gargantuan jets was found using Europe's LOFAR (LOw Frequency ARray) radio telescope.




While hundreds of large jet systems were known before the LOFAR observations, they were thought to be rare and on average smaller in size than the thousands of systems uncovered by the radio telescope.

"Giant jets were known before we started the campaign, but we had no idea that there would turn out to be so many," says Martin Hardcastle, second author of the study and a professor of astrophysics at the University of Hertfordshire in England. "Usually when we get a new observational capability, such as LOFAR's combination of wide field of view and very high sensitivity to extended structures, we find something new, but it was still very exciting to see so many of these objects emerging."

Back in 2018, Oei and his colleagues began using LOFAR to study not black hole jets but the cosmic web of wispy filaments that crisscrosses the space between galaxies. As the team inspected the radio images for the faint filaments, they began to notice several strikingly long jet systems.

"When we first found the giant jets, we were quite surprised," says Oei, who is also affiliated with Leiden Observatory in the Netherlands. "We had no idea that there were this many."

To systematically search for more hidden jets, the team inspected the radio images by eye, used machine-learning tools to scan the images for signs of the looming jets, and enlisted the help of citizen scientists around the globe to eyeball the images further. A paper describing their most recent batch of giant outflows, containing more than 8,000 jet pairs, has been accepted for publication in the journal Astronomy & Astrophysics.

Lurking in the Past

To find the galaxy from which Porphyrion originated, the team used the Giant Metrewave Radio Telescope(GMRT) in India along with ancillary data from a project called Dark Energy Spectroscopic Instrument(DESI), which operates from Kitt Peak National Observatory in Arizona. The observations pinpointed the home of the jets to a hefty galaxy about 10 times more massive than our Milky Way.




The team then used the W. M. Keck Observatory in Hawai'i to show that Porphyrion is 7.5 billion light-years from Earth. "Up until now, these giant jet systems appeared to be a phenomenon of the recent universe," Oei says. "If distant jets like these can reach the scale of the cosmic web, then every place in the universe may have been affected by black hole activity at some point in cosmic time," Oei says.

The observations from Keck also revealed that Porphyrion emerged from what is called a radiative-mode active black hole, as opposed to one that is in a jet-mode state. When supermassive black holes become active -- in other words, when their immense forces of gravity tug on and heat up surrounding material -- they are thought to either emit energy in the form of radiation or jets. Radiative-mode black holes were more common in the young, or distant, universe, while jet-mode ones are more common in the present-day universe.

The fact that Porphyrion came from a radiative-mode black hole came as a surprise because astronomers did not know this mode could produce such huge and powerful jets. What is more, because Porphyrion lies in the distant universe where radiative-mode black holes abound, the finding implies there may be a lot more colossal jets left to be found.

"We may be looking at the tip of the iceberg," Oei says. "Our LOFAR survey only covered 15 percent of the sky. And most of these giant jets are likely difficult to spot, so we believe there are many more of these behemoths out there."

Ongoing Mysteries

How the jets can extend so far beyond their host galaxies without destabilizing is still unclear. "Martijn's work has shown us that there isn't anything particularly special about the environments of these giant sources that causes them to reach those large sizes," says Hardcastle, who is an expert in the physics of black hole jets. "My interpretation is that we need an unusually long-lived and stable accretion event around the central, supermassive black hole to allow it to be active for so long -- about a billion years -- and to ensure that the jets keep pointing in the same direction over all of that time. What we're learning from the large number of giants is that this must be a relatively common occurrence."

As a next step, Oei wants to better understand how these megastructures influence their surroundings. The jets spread cosmic rays, heat, heavy atoms, and magnetic fields throughout the space between galaxies. Oei is specifically interested in finding out the extent to which giant jets spread magnetism. "The magnetism on our planet allows life to thrive, so we want to understand how it came to be," he says. "We know magnetism pervades the cosmic web, then makes its way into galaxies and stars, and eventually to planets, but the question is: Where does it start? Have these giant jets spread magnetism through the cosmos?"
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NASA's Webb provides another look into galactic collisions | ScienceDaily
Smile for the camera! An interaction between an elliptical galaxy and a spiral galaxy, collectively known as Arp 107, seems to have given the spiral a happier outlook thanks to the two bright "eyes" and the wide semicircular "smile." The region has been observed before in infrared by NASA's Spitzer Space Telescope in 2005, however NASA's James Webb Space Telescope displays it in much higher resolution. This image is a composite, combining observations from Webb's MIRI (Mid-Infrared Instrument) and NIRCam (Near-Infrared Camera).


						
NIRCam highlights the stars within both galaxies and reveals the connection between them: a transparent, white bridge of stars and gas pulled from both galaxies during their passage. MIRI data, represented in orange-red, shows star-forming regions and dust that is composed of soot-like organic molecules known as polycyclic aromatic hydrocarbons. MIRI also provides a snapshot of the bright nucleus of the large spiral, home to a supermassive black hole.

The spiral galaxy is classified as a Seyfert galaxy, one of the two largest groups of active galaxies, along with galaxies that host quasars. Seyfert galaxies aren't as luminous and distant as quasars, making them a more convenient way to study similar phenomena in lower energy light, like infrared.

This galaxy pair is similar to the Cartwheel Galaxy, one of the first interacting galaxies that Webb observed. Arp 107 may have turned out very similar in appearance to the Cartwheel, but since the smaller elliptical galaxy likely had an off-center collision instead of a direct hit, the spiral galaxy got away with only its spiral arms being disturbed.

The collision isn't as bad as it sounds. Although there was star formation occurring before, collisions between galaxies can compress gas, improving the conditions needed for more stars to form. On the other hand, as Webb reveals, collisions also disperse a lot of gas, potentially depriving new stars of the material they need to form.

Webb has captured these galaxies in the process of merging, which will take hundreds of millions of years. As the two galaxies rebuild after the chaos of their collision, Arp 107 may lose its smile, but it will inevitably turn into something just as interesting for future astronomers to study.

Arp 107 is located 465 million light-years from Earth in the constellation Leo Minor.
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Measuring how much wood a wood shuck shucks with all-new wood shuck food | ScienceDaily
Researchers want to transform the natural and abundant resource wood into useful materials, and central to that is a molecular machine found in fungi that decomposes the complex raw material into its basic components. A Kobe University researcher and his team now were the first to come up with a test feed for the fungal molecular machine that allows them to observe its close-to-natural action, opening the door to improving it and to putting it to industrial application.


						
Biochemical engineers want to transform the abundant and renewable material wood into bioplastics, medically relevant chemicals, food additives or fuel. However, the complex structure of wood has been a major hurdle for this. The Kobe University bioengineer KOH Sangho explains, "Wood is composed of different, chemically linked materials such as lignin and hemicellulose that first need to be separated to become available as source materials." In other words, the wood needs shucking. Fungi have enzymes, tiny chemical machines, capable of doing that, but to improve and adapt them for industrial use, we need to understand how they work, and researchers did not have a suitable feed, or "substrate," for the enzyme to study its function. "As a graduate student at Shinshu University, I failed to produce the typical enzymatic reaction dynamics graph we know from the textbooks using the commonly used test substrate. I even reached out to the researcher who first found the enzyme to ask what I was doing wrong, but he replied that I wasn't doing anything wrong and that my results were typical of attempts to characterize this enzyme," Koh recounts.

Motivated by this, the fledgling bioengineer and his team created a new material that retains the key structural features of the enzyme's natural substrate while still being simple enough to allow chemical modification and computational simulation. "The key to our ability to create a suitable substrate was that we had previously found another enzyme that allowed us to create very specific hemicellulose fragments that could not be produced in any other way. Only with these fragments we could chemically synthesize a suitable test substrate," says Koh about why nobody else has been able to characterize the enzyme.

The bioengineers now published their results in the journal Biochemical and Biophysical Research Communications. Being the first team able to observe the isolated enzyme's action in a near-natural setting, they were the first to ascertain its reaction speed and affinity, essential parameters for bioengineers working on any enzyme. Koh says: "When, as a result of using the substrate I designed, the textbook-like reaction dynamics emerged, I was really happy. With this we can finally characterize the enzyme's 'true' nature, and improve and apply it industrially, too."

Their computational simulations showed what made the difference between previous attempts and their approach: So far, researchers had focused only on the specific location within the substrate where it should be cleaved and thus the test substrate they used basically only consisted of the connecting structure. However, Koh's newly synthesized substrate retains a short hemicellulose tail attached to the reaction site, and it turned out that it is this tail that the enzyme binds to when performing its role.

Now that the researchers are in possession of clear performance parameters and the reaction mechanism of the enzyme, they want to search for better alternatives in different fungi, and try to chemically modify the molecule to see how that affects its performance. In addition, the researchers think that their test substrate will also play a role in studying how this enzyme works together with others to separate the different components of wood. Koh concludes, "We think this was a significant step towards the process's industrial application to the generation of useful chemicals from the abundant natural resource."

This research was funded by the Japan Society for the Promotion of Science (grants 23K13870 and 17K07874) and the Sugiyama Sangyou Kagaku Research Foundation. It was conducted at Shinshu University in a collaboration of researchers from the National Institute of Advanced Industrial Science and Technology, Kobe University and Shinshu University.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240918124952.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Early dingoes are related to dogs from New Guinea and East Asia | ScienceDaily
New archaeological research by the University of Sydney has discovered for the first time clear links between fossils of the iconic Australian dingo, and dogs from East Asia and New Guinea.


						
The remarkable findings suggest that the dingo came from East Asia via Melanesia, and challenges previous claims that it derived from pariah dogs of India or Thailand.

Previous studies used traditional morphometric analysis -- which looks at the size and shape of the animal using callipers -- to trace the dingo's ancestry to South Asia.

However, the new study, published in Nature Scientific Reports, uses sophisticated 3D scanning and geometric morphometrics on ancient dingo specimens to show clearly that they are most similar to Japanese dogs, as well as the 'singing dogs' of New Guinea and the highland wild dog of Irian Jaya.

Dr Loukas Koungoulos, a research associate in the Discipline of Archaeology at the University of Sydney, said: "The origins of this controversial Australian native animal have been heavily debated for more than a century. Our research has found the elusive first links between fossil material that suggest dingoes have evolved locally from an East Asian dog-like ancestor."

Dr Koungoulos added: "The archaeological sites at Lake Mungo and Lake Milkengay hold some of the oldest evidence of dingoes in the whole of Australia. It is incredible to see how these remarkable animals have evolved over thousands of years and gives us a greater understanding of this uniquely Australian species."

The study team -- which included Associate Professor Melanie Fillios from the University of New England and Dr Ardern Hulme-Beaman from the University of Liverpool -- looked at the remains of ancient dingoes found at Lake Mungo and Lake Milkengay in western NSW.

Associate Professor Melanie Fillios said: "Our research underscores the antiquity of dingoes, pointing to a common ancestor between dingoes and the more recent canines in Southeast Asia."

In collaboration with the Willandra Lakes Region World Heritage Area Traditional Owners, the team used radiocarbon dating to discover that some remains were over 3,000 years old.

The team also found that modern-day dingoes have evolved to become larger and leaner, standing at an average of 54cm tall compared to between 40-47cm for their ancient ancestors -- a size much closer to their contemporary relatives in Southeast Asia and Melanesia.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240918124929.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



'Scuba-diving' lizards use bubble to breathe underwater and avoid predators | ScienceDaily
Presenting the world's smallest (and scrappiest) scuba diver: A species of semi-aquatic lizard produces a special bubble over its nostrils to breathe underwater and avoid predators, according to new research from Binghamton University, State University of New York.


						
Lindsey Swerk, an assistant research professor of biological sciences at Binghamton University, studies water anoles, a type of semi-aquatic lizard found in the tropical forests of southern Costa Rica. She had previously documented the lizards using a bubble underwater. When these lizards feel threatened by a predator, they dive underwater and breathe a bubble over their heads.

"We know that they can stay underwater for a really long time. We also know that they're pulling oxygen from this bubble of air," said Swierk. "We didn't know whether there was actually any functional role for this bubble in respiration. Is it something that lizards do that is just a side effect of their skin's properties or a respiratory reflex, or is this bubble actually allowing them to stay underwater longer than they would, say, without a bubble?"

To investigate whether the bubble serves a functional role in respiration or is merely a byproduct, Swierk applied a substance to the lizards' skin surface that would prevent bubble formation.

"Lizard skin is hydrophobic. Typically, that allows air to stick very tightly to the skin and permits this bubble to form. But when you cover the skin with an emollient, air no longer sticks to the skin surface, so the bubbles can't form," said Swierk.

Swierk recorded the number of bubbles that the lizards could produce and how long they could stay underwater, and compared them to lizards in a control group that were allowed to breathe normally. She found that the lizards in the control group could stay underwater 32% longer than those with impaired bubble formation.

"This is really significant because this is the first experiment that truly shows adaptive significance of bubbles. Rebreathing bubbles allow lizards to stay underwater longer. Before, we suspected it -- we saw a pattern -- but we didn't actually test if it served a functional role," said Swierk.




The study confirmed that the bubble helps lizards stay underwater for longer periods, providing them with a refuge from predators.

"Anoles are kind of like the chicken nuggets of the forest. Birds eat them, snakes eat them," said Swiek. "So by jumping in the water, they can escape a lot of their predators, and they remain very still underwater. They're pretty well camouflaged underwater as well, and they just stay underwater until that danger passes. We know that they can stay underwater at least about 20 minutes, but probably longer."

Going forward, Swierk wants to figure out whether lizards are using the bubble as something called a physical gill. A physical gill occurs in insects that use bubbles to breathe underwater. Insects have smaller oxygen requirements, and the amount of oxygen that diffuses from the water into the air of the bubble is enough to sustain them. Water anoles are likely too big to be supported merely by the oxygen that's diffusing into a bubble. One of Swierk's graduate students, Alexandra Martin, is testing whether a physical gill-type action is allowing lizards to spend even more time underwater by changing the oxygenation of the water and measuring its effects on lizards' dive time.

Swierk said that the research is exciting because scientists don't know much about vertebrate bubble use, which can open the door to bioinspired materials It's also just interesting to learn about a new animal behavior.

"I've had people talk to me about how much they love scuba diving and freediving, and how they're interested in how animals might do the same thing," said Swierk. "So there's a great opportunity to get people excited about science by having this relationship between what they love to do and what's evolved in nature. Even in animals that seem commonplace -- you're always finding new things."
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New understanding of the limits on nano-noise | ScienceDaily
Thanks to nanoscale devices as small as human cells, researchers can create groundbreaking material properties, leading to smaller, faster, and more energy-efficient electronics. However, to fully unlock the potential of nanotechnology, addressing noise is crucial. A research team at Chalmers University of Technology, in Sweden, has taken a significant step toward unraveling fundamental constraints on noise, paving the way for future nanoelectronics.


						
Nanotechnology is rapidly advancing, capturing widespread interest across industries such as communications and energy production. At the nano level -- equivalent to a millionth of a millimeter -- particles adhere to quantum mechanical laws. By harnessing these properties, materials can be engineered to exhibit enhanced conductivity, magnetism, and energy efficiency.

"Today, we witness the tangible impact of nanotechnology -- nanoscale devices are ingredients to faster technologies and nanostructures make materials for power production more efficient," says Janine Splettstosser, Professor of Applied Quantum Physics at Chalmers.

Devices smaller than the human cell unlocking novel electronic and thermoelectric properties

To manipulate charge and energy currents down to the single-electron level, researchers use so-called nanoscale devices, systems smaller than human cells. These nanoelectronic systems can act as "tiny engines" performing specific tasks, leveraging quantum mechanical properties.

"At the nanoscale, devices can have entirely new and desirable properties. These devices, which are a hundred to ten thousand times smaller than a human cell, allow to design highly efficient energy conversion processes," says Ludovico Tesser, PhD student in Applied Quantum Physics at Chalmers University of Technology.

Navigating nano-noise: a crucial challenge

However, noise poses a significant hurdle in advancing this nanotechnology research. This disruptive noise is created by electrical charge fluctuations and thermal effects within devices, hindering precise and reliable performance. Despite extensive efforts, researchers have yet to find out to which extent this noise can be eliminated without hindering energy conversion, and our understanding of its mechanisms remains limited. But now a research team at Chalmers has succeeded in taking an important step in the right direction.




In their recent study, published as editor's suggestion in Physical Review Letters, they investigated thermoelectric heat engines at the nanoscale. These specialised devices are designed to control and convert waste heat into electrical power.

"All electronics emit heat and recently there has been a lot of effort to understand how, at the nano-level, this heat can be converted to useful energy. Tiny thermoelectric heat engines take advantage of quantum mechanical properties and nonthermal effects and, like tiny power plants, can convert the heat into electrical power rather than letting it go to waste," says Professor Splettstosser.

Balancing noise and power in nanoscale heat engines

However, nanoscale thermoelectric heat engines work better when subject to significant temperature differences. These temperature variations make the already challenging noise researchers are facing even trickier to study and understand. But now, the Chalmers researchers have managed to shed light on a critical trade-off between noise and power in thermoelectric heat engines.

"We can prove that there is a fundamental constraint to the noise directly affecting the performance of the 'engine'. For example, we can not only see that if you want the device to produce a lot of power, you need to tolerate higher noise levels, but also the exact amount of noise. It clarifies a trade-off relation, that is how much noise one must endure to extract a specific amount of power from these nanoscale engines. We hope that these findings can serve as a guideline in the area going forward to design nanoscale thermoelectric devices with high precision," says Ludovico Tesser.
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A wobble from Mars could be sign of dark matter | ScienceDaily
In a new study, MIT physicists propose that if most of the dark matter in the universe is made up of microscopic primordial black holes -- an idea first proposed in the 1970s -- then these gravitational dwarfs should zoom through our solar system at least once per decade. A flyby like this, the researchers predict, would introduce a wobble into Mars' orbit, to a degree that today's technology could actually detect.


						
Such a detection could lend support to the idea that primordial black holes are a primary source of dark matter throughout the universe.

"Given decades of precision telemetry, scientists know the distance between Earth and Mars to an accuracy of about 10 centimeters," says study author David Kaiser, professor of physics and the Germeshausen Professor of the History of Science at MIT. "We're taking advantage of this highly instrumented region of space to try and look for a small effect. If we see it, that would count as a real reason to keep pursuing this delightful idea that all of dark matter consists of black holes that were spawned in less than a second after the Big Bang and have been streaming around the universe for 14 billion years."

Kaiser and his colleagues report their findings today in the journal Physical Review D. The study's co-authors are lead author Tung Tran '24, who is now a graduate student at Stanford University; Sarah Geller '12, SM '17, PhD '23, who is now a postdoc at the University of California at Santa Cruz; and MIT Pappalardo Fellow Benjamin Lehmann.

Beyond particles

Less than 20 percent of all physical matter is made from visible stuff, from stars and planets, to the kitchen sink. The rest is composed of dark matter, a hypothetical form of matter that is invisible across the entire electromagnetic spectrum yet is thought to pervade the universe and exert a gravitational force large enough to affect the motion of stars and galaxies.

Physicists have erected detectors on Earth to try and spot dark matter and pin down its properties. For the most part, these experiments assume that dark matter exists as a form of exotic particle that might scatter and decay into observable particles as it passes through a given experiment. But so far, such particle-based searches have come up empty.




In recent years, another possibility, first introduced in the 1970s, has regained traction: Rather than taking on a particle form, dark matter could exist as microscopic, primordial black holes that formed in the first moments following the Big Bang. Unlike the astrophysical black holes that form from the collapse of old stars, primordial black holes would have formed from the collapse of dense pockets of gas in the very early universe and would have scattered across the cosmos as the universe expanded and cooled.

These primordial black holes would have collapsed an enormous amount of mass into a tiny space. The majority of these primordial black holes could be as small as a single atom and as heavy as the largest asteroids. It would be conceivable, then, that such tiny giants could exert a gravitational force that could explain at least a portion of dark matter. For the MIT team, this possibility raised an initially frivolous question.

"I think someone asked me what would happen if a primordial black hole passed through a human body," recalls Tung, who did a quick pencil-and-paper calculation to find that if such a black hole zinged within 1 meter of a person, the force of the black hole would push the person 6 meters, or about 20 feet away in a single second. Tung also found that the odds were astronomically unlikely that a primordial black hole would pass anywhere near a person on Earth.

Their interest piqued, the researchers took Tung's calculations a step further, to estimate how a black hole flyby might affect much larger bodies such as the Earth and the moon.

"We extrapolated to see what would happen if a black hole flew by Earth and caused the moon to wobble by a little bit," Tung says. "The numbers we got were not very clear. There are many other dynamics in the solar system that could act as some sort of friction to cause the wobble to dampen out."

Close encounters

To get a clearer picture, the team generated a relatively simple simulation of the solar system that incorporates the orbits and gravitational interactions between all the planets, and some of the largest moons.




"State-of-the-art simulations of the solar system include more than a million objects, each of which has a tiny residual effect," Lehmann notes. "But even modeling two dozen objects in a careful simulation, we could see there was a real effect that we could dig into."

The team worked out the rate at which a primordial black hole should pass through the solar system, based on the amount of dark matter that is estimated to reside in a given region of space and the mass of a passing black hole, which in this case, they assumed to be as massive as the largest asteroids in the solar system, consistent with other astrophysical constraints.

"Primordial black holes do not live in the solar system. Rather, they're streaming through the universe, doing their own thing," says co-author Sarah Geller. "And the probability is, they're going through the inner solar system at some angle once every 10 years or so."

Given this rate, the researchers simulated various asteroid-mass black holes flying through the solar system, from various angles, and at velocities of about 150 miles per second. (The directions and speeds come from other studies of the distribution of dark matter throughout our galaxy.) They zeroed in on those flybys that appeared to be "close encounters," or instances that caused some sort of effect in surrounding objects. They quickly found that any effect in the Earth or the moon was too uncertain to pin to a particular black hole. But Mars seemed to offer a clearer picture.

The researchers found that if a primordial black hole were to pass within a few hundred million miles of Mars, the encounter would set off a "wobble," or a slight deviation in Mars' orbit. Within a few years of such an encounter, Mars' orbit should shift by about a meter -- an incredibly small wobble, given the planet is more than 140 million miles from Earth. And yet, this wobble could be detected by the various high-precision instruments that are monitoring Mars today.

If such a wobble were detected in the next couple of decades, the researchers acknowledge there would still be much work needed to confirm that the push came from a passing black hole rather than a run-of-the-mill asteroid.

"We need as much clarity as we can of the expected backgrounds, such as the typical speeds and distributions of boring space rocks, versus these primordial black holes," Kaiser notes. "Luckily for us, astronomers have been tracking ordinary space rocks for decades as they have flown through our solar system, so we could calculate typical properties of their trajectories and begin to compare them with the very different types of paths and speeds that primordial black holes should follow."

To help with this, the researchers are exploring the possibility of a new collaboration with a group that has extensive expertise simulating many more objects in the solar system.

"We are now working to simulate a huge number of objects, from planets to moons and rocks, and how they're all moving over long time scales," Geller says. "We want to inject close encounter scenarios, and look at their effects with higher precision."

This work was supported in part by the U.S. Department of Energy and the U.S. National Science Foundation, which includes an NSF Mathematical and Physical Sciences postdoctoral fellowship.
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Synthetic mini-motor with enormous power developed | ScienceDaily
Researchers at the Technical University of Munich (TUM) have developed an artificial motor at the supramolecular level that can develop impressive power. This wind-up motor is a tiny ribbon made of special molecules. When energy is applied, this ribbon aligns itself, moves like a small fin and can thus push objects. For the first time, the energy for this comes from a chemical fuel.


						
Until now, the conversion of chemical energy into rotational energy on a supramolecular level, i.e. for small objects consisting of more than one molecule, was only known from biology. Primitive bacteria, known as archaea, use the chemical fuel ATP to rotate their tiny fin-like locomotion organs, the flagella, and thus move around. Synthetic replicas of this process have not existed until now. In the future, the new development could be used in nanorobots that swim through blood vessels to detect tumor cells, for example.

Chemical fuel drives the rotation

The peptide ribbons developed by a team led by Brigitte and Christine Kriebisch and Job Boekhoven, Professor of Supramolecular Chemistry, are a few micrometers long and just a few nanometers wide. When chemical fuel is added, they gain structure and the ribbons curl up into small tubes, causing them to begin to rotate. This process can even be observed live under the microscope.

The researchers discovered that they can control the rotation speed of the ribbons by the amount of fuel added. In addition, the direction of rotation -- clockwise or anti-clockwise -- can be influenced by the structure of the molecular building blocks of the ribbons. The research results were published in the journal Chem.

Crawling on surfaces

Together with Prof. Matthias Rief, TUM Professor of Molecular Biophysics, who works on state-of-the-art optical measurement methods, the researchers found that the ribbons exert enough force on their surroundings to move micrometer-sized objects. Determining the force is one of the most important results for practical use.

If several rotating ribbons are brought together at a central point, for example, small "micro-walkers" are created that can crawl along surfaces. In the future, after further improvements, these micro-walkers could possibly be used for medical applications such as transporting drugs in the body. The fuel used is not yet suitable for this, as it would be harmful to the organism.
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More black holes than expected in the early universe | ScienceDaily
With the help of NASA's Hubble Space Telescope, an international team of researchers led by scientists in the Department of Astronomy at Stockholm University has found more black holes in the early universe than has previously been reported. The new result can help scientists understand how supermassive black holes were created.


						
Currently, scientists do not have a complete picture of how the first black holes formed not long after the big bang. It is known that supermassive black holes, that can weigh more than a billion suns, exist at the center of several galaxies less than a billion years after the big bang.

"Many of these objects seem to be more massive than we originally thought they could be at such early times -- either they formed very massive or they grew extremely quickly," said Alice Young, a PhD student from Stockholm University and co-author of the study published in The Astrophysical Journal Letters.

Black holes play an important role in the lifecycle of all galaxies, but there are major uncertainties in our understanding of how galaxies evolve. In order to gain a complete picture of the link between galaxy and black hole evolution, the researchers used Hubble to survey how many black holes exist among a population of faint galaxies when the universe was just a few percent of its current age.

Initial observations of the survey region were re-photographed by Hubble after several years. This allowed the team to measure variations in the brightness of galaxies. These variations are a telltale sign of black holes. The team identified more black holes than previously found by other methods.

The new observational results suggest that some black holes likely formed by the collapse of massive, pristine stars during the first billion years of cosmic time. These types of stars can only exist at very early times in the universe, because later-generation stars are polluted by the remnants of stars that have already lived and died. Other alternatives for black hole formation include collapsing gas clouds, mergers of stars in massive clusters, and "primordial" black holes that formed (by physically speculative mechanisms) in the first few seconds after the big bang. With this new information about black hole formation, more accurate models of galaxy formation can be constructed.

"The formation mechanism of early black holes is an important part of the puzzle of galaxy evolution," said Matthew Hayes from the Department of Astronomy at Stockholm University and lead author of the study. "Together with models for how black holes grow, galaxy evolution calculations can now be placed on a more physically motivated footing, with an accurate scheme for how black holes came into existence from collapsing massive stars."

Astronomers are also making observations with NASA's James Webb Space Telescope to search for galactic black holes that formed soon after the big bang, to understand how massive they were and where they were located.
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Beneath the brushstrokes, van Gogh's sky is alive with real-world physics | ScienceDaily
Vincent van Gogh's painting "The Starry Night" depicts a swirling blue sky with yellow moon and stars. The sky is an explosion of colors and shapes, each star encapsulated in ripples of yellow, gleaming with light like reflections on water.


						
Van Gogh's brushstrokes create an illusion of sky movement so convincing it led atmospheric scientists to wonder how closely it aligns with the physics of real skies. While the atmospheric motion in the painting cannot be measured, the brushstrokes can.

In an article published this week in Physics of Fluids, by AIP Publishing, researchers specializing in marine sciences and fluid dynamics in China and France analyzed van Gogh's painting to uncover what they call the hidden turbulence in the painter's depiction of the sky.

"The scale of the paint strokes played a crucial role," author Yongxiang Huang said. "With a high-resolution digital picture, we were able to measure precisely the typical size of the brushstrokes and compare these to the scales expected from turbulence theories."

To reveal hidden turbulence, the authors used brushstrokes in the painting like leaves swirling in a funnel of wind to examine the shape, energy, and scaling of atmospheric characteristics of the otherwise invisible atmosphere. They used the relative brightness, or luminance, of the varying paint colors as a stand-in for the kinetic energy of physical movement.

"It reveals a deep and intuitive understanding of natural phenomena," Huang said. "Van Gogh's precise representation of turbulence might be from studying the movement of clouds and the atmosphere or an innate sense of how to capture the dynamism of the sky."

Their study examined the spatial scale of the painting's 14 main whirling shapes to find out if they align with the cascading energy theory that describes the kinetic energy transfer from large- to small-scale turbulent flows in the atmosphere.




They discovered the overall picture aligns with Kolmogorov's law, which predicts atmospheric movement and scale according to measured inertial energy. Drilling down to the microcosm within the paint strokes themselves, where relative brightness is diffused throughout the canvas, the researchers discovered an alignment with Batchelor's scaling, which describes energy laws in small-scale, passive scalar turbulence following atmospheric movement.

Finding both scalings in one atmospheric system is rare, and it was a big driver for their research.

"Turbulence is believed to be one of the intrinsic properties of high Reynolds flows dominated by inertia, but recently, turbulence-like phenomena have been reported for different types of flow systems at a wide range of spatial scales, with low Reynolds numbers where viscosity is more dominant," Huang said.

"It seems it is time to propose a new definition of turbulence to embrace more situations."
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New species of wasp 'hidden in plain sight' discovered by researchers | ScienceDaily

Associate Professor Matthew Ballinger's article "Drosophila are hosts to the first described parasitoid wasp of adult flies" in the world's leading science journal highlights the discovery of a new wasp from backyard fly traps, revealing a "spectacular example of undescribed biology hidden in plain sight."

"All known parasitoid wasps of flies attack and develop inside immature life stages," he said, "and despite 200 years of research on parasitoid wasps of Drosophila and other flies, we have never come across a species that attacks the adult stage, until now."

Logan Moore, Ballinger's Ph.D. student who was the Nature article's lead author, began the project by collecting infected fruit flies from his backyard in Starkville. The team then used a combination of field collections and public data to show the new species lives across the Eastern U.S. and infects one of the most studied animals in biology, the fruit fly Drosophila melanogaster.

"Studying how parasites and pathogens influence Drosophila biology and behavior has helped researchers learn more about fundamental biological processes like immunity and reproduction," Ballinger said.

Ballinger's team collaborated with Scott Shaw, an entomologist and parasitoid wasp expert at the University of Wyoming, to formally describe the new species. Researchers also documented the wasp's complete life cycle and provided instructions for others to raise adult wasps in the laboratory.

"We're excited to learn more about the new species, and we hope other researchers will begin their own projects to better understand its infection biology, ecology and evolution in the coming years," Ballinger said, emphasizing the need for ongoing research investment in insect biodiversity and systematics.
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Cow slime can help disc herniation patients after surgery, research shows | ScienceDaily
Researchers at Uppsala University have developed a gel inspired by cow slime for patients suffering from disc herniation. By adding the mucin gel immediately after surgery, it is possible to create a protective barrier around the discs to prevent the immune system from attacking their nucleus pulposus. This keeps the discs intact and reduces the risk of further damage.


						
"This new approach offers hope for those suffering from back pain caused by disc herniation and may prevent further damage after removing herniated discs, potentially improving the quality of life for the patients," says Hongji Yan, researcher at the Department of Medical Cell Biology at Uppsala University and AIMES (Center for the Advancement of Integrated Medical and Engineering Sciences) at Karolinska Institutet, whose study was recently published in Advanced Science.

Herniated discs are a common problem that can cause severe pain and impaired function of the spine. Many people need surgical removal of herniated discs to relieve the pressure on the nerves in the spine. After surgery, most patients are treated with anti-inflammatory drugs or steroid injections to manage pain and swelling. However, as yet there is no treatment that stops the immune system from attacking the leftover disc tissue, which can make the injury worse and cause more pain. This shows a gap in post-surgery care for herniated discs, where new treatments that focus on controlling the immune response could help improve recovery and reduce long-term pain.

Currently, most research focuses on trying to regenerate damaged discs rather than preventing further damage. However, because discs lack blood vessels, have few cells and are subject to constant physical stress, it is very difficult to make these solutions work.

In a new study, researchers explored an innovative solution for post-surgery care aimed at preventing further damage after the surgical removal of herniated discs. They developed a synthetic mucin gel, inspired by the mucus coating of certain parasites, which suppresses immune cell activation at infection sites to prevent immune cell recognition. When applied to the surgical site, this gel prevents further disc damage by stopping immune cells from attacking the nucleus pulposus of intervertebral discs, thanks to its immune-suppressive properties. In contrast, traditional physical barriers like alginate gels failed to provide this level of protection, as demonstrated in the study.

"This approach could have a major impact on surgical procedures, as a simple injection of mucin gels at the surgical site could improve patient outcomes, reduce the risk of long-term complications, and increase the overall success rate of disc surgery," Hongji Yan concludes.

The research was carried out together with groups led by Song Chen and Bin Li at Soochow University, China, and Joao F. Mano at the University of Aveiro, Portugal.
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Astronomers detect black hole 'starving' its host galaxy to death | ScienceDaily
Astronomers have used the NASA/ESA James Webb Space Telescope to confirm that supermassive black holes can starve their host galaxies of the fuel they need to form new stars.


						
The international team, co-led by the University of Cambridge, used Webb to observe a galaxy roughly the size of the Milky Way in the early universe, about two billion years after the Big Bang. Like most large galaxies, it has a supermassive black hole at its centre. However, this galaxy is essentially 'dead': it has mostly stopped forming new stars.

"Based on earlier observations, we knew this galaxy was in a quenched state: it's not forming many stars given its size, and we expect there is a link between the black hole and the end of star formation," said co-lead author Dr Francesco D'Eugenio from Cambridge's Kavli Institute for Cosmology. "However, until Webb, we haven't been able to study this galaxy in enough detail to confirm that link, and we haven't known whether this quenched state is temporary or permanent."

This galaxy, officially named GS-10578 but nicknamed 'Pablo's Galaxy' after the colleague who decided to observe it in detail, is massive for such an early period in the universe: its total mass is about 200 billion times the mass of our Sun, and most of its stars formed between 12.5 and 11.5 billion years ago.

"In the early universe, most galaxies are forming lots of stars, so it's interesting to see such a massive dead galaxy at this period in time," said co-author Professor Roberto Maiolino, also from the Kavli Institute for Cosmology. "If it had enough time to get to this massive size, whatever process that stopped star formation likely happened relatively quickly."

Using Webb, the researchers detected that this galaxy is expelling large amounts of gas at speeds of about 1,000 kilometres per second, which is fast enough to escape the galaxy's gravitational pull. These fast-moving winds are being 'pushed' out of the galaxy by the black hole.

Like other galaxies with accreting black holes, 'Pablo's Galaxy' has fast outflowing winds of hot gas, but these gas clouds are tenuous and have little mass. Webb detected the presence of a new wind component, which could not be seen with earlier telescopes. This gas is colder, which means it's denser and -- crucially -- does not emit any light. Webb, with its superior sensitivity, can see these dark gas clouds because they block some of the light from the galaxy behind them.




The mass of gas being ejected from the galaxy is greater than what the galaxy would require to keep forming new stars. In essence, the black hole is starving the galaxy to death. The results are reported in the journal Nature Astronomy.

"We found the culprit," said D'Eugenio. "The black hole is killing this galaxy and keeping it dormant, by cutting off the source of 'food' the galaxy needs to form new stars."

Although earlier theoretical models had predicted that black holes had this effect on galaxies, before Webb, it had not been possible to detect this effect directly.

Earlier models had predicted that the end of star formation has a violent, turbulent effect on galaxies, destroying their shape in the process. But the stars in this disc-shaped galaxy are still moving in an orderly way, suggesting that this is not always the case.

"We knew that black holes have a massive impact on galaxies, and perhaps it's common that they stop star formation, but until Webb, we weren't able to directly confirm this," said Maiolino. "It's yet another way that Webb is such a giant leap forward in terms of our ability to study the early universe and how it evolved."

New observations with the Atacama Large Millimeter-Submillimiter Array (ALMA), targeting the coldest, darkest gas components of the galaxy, will tell us more about if and where any fuel for star formation is still hidden in this galaxy, and what is the effect of the supermassive black hole in the region surrounding the galaxy.

The research was supported in part by the Royal Society, the European Union, the European Research Council, and the Science and Technology Facilities Council (STFC), part of UK Research and Innovation (UKRI).
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New 'grumpy' fish species discovered in the Red Sea | ScienceDaily
A team of researchers at the King Abdullah University of Science and Technology and the University of Washington has discovered a new species of fish that seems perpetually displeased. The researchers decided to call this new species the grumpy dwarfgoby.


						
Despite its small size of less than 2 centimeters, the grumpy dwarfgoby has a surprisingly menacing appearance. Its large canines and fierce expression give it a rather intimidating look for such a small fish.

Lucia Pombo-Ayora, who gave the species its grumpy common name, comments on its distinctive appearance: "I imagine in its own tiny world, it is a fearsome predator. Its grumpy expression and large canines certainly make it look the part, despite its small size."

The species' bright red coloration actually helps it blend into its natural habitat. It can be found on the walls and overhangs of coral reefs, covered in red coralline algae. There, it lives in small holes and crevices, using its large canines to capture tiny invertebrates. The grumpy dwarfgoby appears to be a relatively rare species, which is likely why it remained undiscovered until now.

The researchers found the first specimens in the Farasan Banks in Saudi Arabia, with additional specimens later found near Thuwal in the Red Sea. It was researcher Viktor Nunes Peinemann who first found it during a diving expedition to explore the coral reef fish diversity. Initially, the researchers thought they had rediscovered the fiery dwarfgoby, Sueviota pyrios, which is only known from a single specimen collected in 1972. However, upon closer examination, they realized they were dealing with an entirely new, undescribed species.

"The ongoing discovery of distinctive new species like this grumpy dwarfgoby shows how much biodiversity remains undiscovered in the Red Sea," Viktor Nunes Peinemann explains. "This is concerning given the recent environmental changes in the region. In some cases, species could go extinct before we even describe them."

The region is known for its high levels of endemic species and the Grumpy dwarf goby is another addition to this unique fauna. Much of the Red Sea has experienced major disturbances resulting from climate change in recent years, including widespread coral bleaching and mortality. The fact that new species are still being discovered in this rapidly changing environment highlights the urgency of continued research and conservation efforts, the researchers believe.

They have published their discovery in the open-access scientific journal ZooKeys.
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Early dark energy could resolve cosmology's two biggest puzzles | ScienceDaily
A new study by MIT physicists proposes that a mysterious force known as early dark energy could solve two of the biggest puzzles in cosmology and fill in some major gaps in our understanding of how the early universe evolved.


						
One puzzle in question is the "Hubble tension," which refers to a mismatch in measurements of how fast the universe is expanding. The other involves observations of numerous early, bright galaxies that existed at a time when the early universe should have been much less populated.

Now, the MIT team has found that both puzzles could be resolved if the early universe had one extra, fleeting ingredient: early dark energy. Dark energy is an unknown form of energy that physicists suspect is driving the expansion of the universe today. Early dark energy is a similar, hypothetical phenomenon that may have made only a brief appearance, influencing the expansion of the universe in its first moments before disappearing entirely.

Some physicists have suspected that early dark energy could be the key to solving the Hubble tension, as the mysterious force could accelerate the early expansion of the universe by an amount that would resolve the measurement mismatch.

The MIT researchers have now found that early dark energy could also explain the baffling number of bright galaxies that astronomers have observed in the early universe. In their new study, reported in the Monthly Notices of the Royal Astronomical Society, the team modeled the formation of galaxies in the universe's first few hundred million years. When they incorporated a dark energy component only in that earliest sliver of time, they found the number of galaxies that arose from the primordial environment bloomed to fit astronomers' observations.

"You have these two looming open-ended puzzles," says study co-author Rohan Naidu, a postdoc in MIT's Kavli Institute for Astrophysics and Space Research. "We find that in fact, early dark energy is a very elegant and sparse solution to two of the most pressing problems in cosmology."

The study's co-authors include lead author and Kavli postdoc Xuejian (Jacob) Shen, and MIT professor of physics Mark Vogelsberger, along with Michael Boylan-Kolchin at the University of Texas at Austin, and Sandro Tacchella at the University of Cambridge.




Big city lights

Based on standard cosmological and galaxy formation models, the universe should have taken its time spinning up the first galaxies. It would have taken billions of years for primordial gas to coalesce into galaxies as large and bright as the Milky Way.

But in 2023, NASA's James Webb Space Telescope (JWST) made a startling observation. With an ability to peer farther back in time than any observatory to date, the telescope uncovered a surprising number of bright galaxies as large as the modern Milky Way within the first 500 million years, when the universe was just 3 percent of its current age.

"The bright galaxies that JWST saw would be like seeing a clustering of lights around big cities, whereas theory predicts something like the light around more rural settings like Yellowstone National Park," Shen says. "And we don't expect that clustering of light so early on."

For physicists, the observations imply that there is either something fundamentally wrong with the physics underlying the models or a missing ingredient in the early universe that scientists have not accounted for. The MIT team explored the possibility of the latter, and whether the missing ingredient might be early dark energy.

Physicists have proposed that early dark energy is a sort of antigravitational force that is turned on only at very early times. This force would counteract gravity's inward pull and accelerate the early expansion of the universe, in a way that would resolve the mismatch in measurements. Early dark energy, therefore, is considered the most likely solution to the Hubble tension.




Galaxy skeleton

The MIT team explored whether early dark energy could also be the key to explaining the unexpected population of large, bright galaxies detected by JWST. In their new study, the physicists considered how early dark energy might affect the early structure of the universe that gave rise to the first galaxies. They focused on the formation of dark matter halos -- regions of space where gravity happens to be stronger, and where matter begins to accumulate.

"We believe that dark matter halos are the invisible skeleton of the universe," Shen explains. "Dark matter structures form first, and then galaxies form within these structures. So, we expect the number of bright galaxies should be proportional to the number of big dark matter halos."

The team developed an empirical framework for early galaxy formation, which predicts the number, luminosity, and size of galaxies that should form in the early universe, given some measures of "cosmological parameters." Cosmological parameters are the basic ingredients, or mathematical terms, that describe the evolution of the universe.

Physicists have determined that there are at least six main cosmological parameters, one of which is the Hubble constant -- a term that describes the universe's rate of expansion. Other parameters describe density fluctuations in the primordial soup, immediately after the Big Bang, from which dark matter halos eventually form.

The MIT team reasoned that if early dark energy affects the universe's early expansion rate, in a way that resolves the Hubble tension, then it could affect the balance of the other cosmological parameters, in a way that might increase the number of bright galaxies that appear at early times. To test their theory, they incorporated a model of early dark energy (the same one that happens to resolve the Hubble tension) into an empirical galaxy formation framework to see how the earliest dark matter structures evolve and give rise to the first galaxies.

"What we show is, the skeletal structure of the early universe is altered in a subtle way where the amplitude of fluctuations goes up, and you get bigger halos, and brighter galaxies that are in place at earlier times, more so than in our more vanilla models," Naidu says. "It means things were more abundant, and more clustered in the early universe."

"A priori, I would not have expected the abundance of JWST's early bright galaxies to have anything to do with early dark energy, but their observation that EDE pushes cosmological parameters in a direction that boosts the early-galaxy abundance is interesting," says Marc Kamionkowski, professor of theoretical physics at Johns Hopkins University, who was not involved with the study. "I think more work will need to be done to establish a link between early galaxies and EDE, but regardless of how things turn out, it's a clever -- and hopefully ultimately fruitful -- thing to try."

"We demonstrated the potential of early dark energy as a unified solution to the two major issues faced by cosmology. This might be an evidence for its existence if the observational findings of JWST get further consolidated," Vogelsberger concludes. "In the future, we can incorporate this into large cosmological simulations to see what detailed predictions we get."

This research was supported, in part, by NASA and the National Science Foundation.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240913183504.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Energy transmission in quantum field theory requires information | ScienceDaily
An international team of researchers has found a surprisingly simple relationship between the rates of energy and information transmission across an interface connecting two quantum field theories. Their work was published in Physical Review Letters on August 30.


						
The interface between different quantum field theories is an important concept that arises in a variety of problems in particle physics and condensed matter physics. However, it has been difficult to calculate the transmission rates of energy and information across interfaces.

Hirosi Ooguri, Professor at the Kavli Institute for the Physics and Mathematics of the Universe (Kavli IPMU, WPI) at the University of Tokyo and Fred Kavli Professor at the California Institute of Technology, together with his collaborators, Associate Professor Yuya Kusuki at Kyushu University, and Professor Andreas Karch and graduate students Hao-Yu Sun and Mianqi Wang at the University of Texas, Austin, showed that for theories in two dimensions with scale invariance there are simple and universal inequalities between three quantities: Energy transfer rate, Information transfer rate, and the size of Hilbert space (measured by the rate of increase of the number of states at high energy). Namely,

[ energy transmittance ] [?] [ information transmittance] [?] [ size of the Hilbert space ].

These inequalities imply that, in order to transmit energy, information must also be transmitted, and both require a sufficient number of states. They also showed that no stronger inequality is possible.

Both energy and information transmissions are important quantities, but they are difficult to calculate, and no relationship between them was known. By showing the inequality between these quantities, this paper sheds new light on this important but difficult problem.
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Bacteria work together to thrive in difficult conditions | ScienceDaily
Though a founding concept of ecology suggests that the physical environment determines where organisms can survive, modern scientists have suspected there is more to the story of how microbial communities form in the soil.


						
In a new study, researchers have determined through both statistical analysis and in experiments that soil pH is a driver of microbial community composition -- but that the need to address toxicity released during nitrogen cycling ultimately shapes the final microbial community.

"The physical environment is affecting the nature of microbial interactions, and that affects the assembly of the community," said co-lead author Karna Gowda, assistant professor of microbiology at The Ohio State University. "People in the field understood these two things must be important at some level, but there wasn't a lot of evidence for it. We're adding some specificity and mechanisms to this idea."

The work helps clarify the microbial underpinnings of global nitrogen cycling and may provide a new way to think about emissions of nitrous oxide, a potent greenhouse gas, Gowda said.

The research was published recently in Nature Microbiology.

Microbes keep soil healthy and productive by recycling nutrients, and are particularly important for converting nitrogen into forms that plants can use. Underground organisms living in the same environment are also highly interconnected, preying on each other, participating in chemical exchanges and providing community benefits.

For this work, Gowda and colleagues used a dataset from a worldwide collection of topsoil samples, sequencing the genomes of microbes present in the samples and analyzing important characteristics of the soil -- such as nitrogen and carbon content and pH, a measure of soil's acidity.




"We wanted to look at trends that were widespread and that would manifest around the planet across very different environments," Gowda said.

With billions of bacteria present in a sample of soil, the researchers relied on the genetic makeup of microbial communities to determine their functional roles.

The team zeroed in on genes that identified which bacteria were involved in denitrification -- converting nitrogen compounds from bioavailable forms into nitrous oxide and dinitrogen gas that's released in the atmosphere. A bioinformatics analysis showed that soil pH was the most important environmental factor associated with the abundance of these organisms.

To test the statistical finding, the researchers conducted lab enrichment experiments, running a natural microbial community through different conditions of growth.

During denitrification, specific enzymes have roles in the conversion of nitrate into various nitrogen-containing compounds. One of these forms, nitrite, is more toxic in acidic soil (low pH) than it is under neutral conditions with higher pH.

The experiments showed that strains with enzymes called Nar, linked to creating toxic nitrite, and strains with enzymes called Nap, linked to consuming nitrite, fluctuated based on the acidity of the soil.




"We found more of Nar at low pH and less of Nap, and vice versa as the soil pH moved toward neutral," Gowda said. "So we see two different types of organisms prevalent at acidic versus neutral pH, but we also find that that's actually not explaining what's going on. It's not just the environment that's determining who's there -- it's actually the environment plus interactions between more organisms in the community.

"This means that pH is affecting the interaction between organisms in the community in a more or less consistent way -- it's always about the toxicity of nitrite. And this highlights how different bacteria work together to thrive in varying soil pH levels."

That finding was novel and important, Gowda said. Bacteria and other microorganisms are known to be driven by a will to survive, but they also rely on each other to stay safe -- and that cooperation has implications for environmental health, the research suggests.

"While individual fitness effects clearly play a role in defining patterns in many contexts, interactions are likely essential to explaining patterns in a variety of other contexts," the authors wrote.

Understanding how interactions and the environment affect nitrous oxide emissions could provide new insights into reducing this potent greenhouse gas, Gowda said: Denitrifying bacteria are key sources and sinks of nitrous oxide in agricultural soils. While past studies have focused on the behavior of these nitrous oxide-emitting organisms in different pH conditions, considering their ecological interactions may offer new strategies to lower emissions.

This work was supported by the National Science Foundation, the University of Chicago, the National Institute of General Medical Sciences, a James S. McDonnell Foundation Postdoctoral Fellowship Award, and a Fannie and John Hertz Fellowship Award.

Co-authors include Seppe Kuehn, Kyle Crocker, Kiseok Keith Lee, Milena Chakraverti-Wuerthwein and Zeqian Li of the University of Chicago; Mikhail Tikhonov of Washington University in St. Louis; and Madhav Mani of Northwestern University.
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Huge gamma-ray burst collection 'rivals 250-year-old Messier catalog' | ScienceDaily
Hundreds of gamma-ray bursts (GRBs) have been recorded as part of an enormous global effort so extensive it "rivals the catalogue of deep-sky objects created by Messier 250 years ago," astronomers say.


						
GRBs are the most violent explosions in the Universe, releasing more energy than the Sun would in 10 billion years. They occur when either a massive star dies or two neutron stars merge.

The explosions are so formidable that if one were to erupt within a distance of 1,000 light-years from Earth -- which is predicted to happen every 500 million years -- the blast of radiation could damage our ozone layer and have devastating consequences for life. However, the chances of such an event occurring any time soon are extremely low.

First observed almost six decades ago, GRBs also have the potential to help us better understand the history of our Universe, from its earliest stars to how it looks today.

The latest research recorded 535 GRBs -- the nearest of which was 77 million light-years from Earth -- from 455 telescopes and instruments across the world.

It was led by Professor Maria Giovanna Dainotti, of the National Astronomical Observatory of Japan, and has been published today in the Monthly Notices of the Royal Astronomical Society.

The researchers likened their collection to the 110 deep-sky objects catalogued by the French astronomer Charles Messier in the 18th century. To this day the catalogue continues to provide astronomers -- both professional and amateur -- with a range of easy-to-find objects in the night sky.




"Our research enhances our understanding of these enigmatic cosmic explosions and showcases the collaborative effort across nations," said Professor Dainotti.

"The result is a catalogue akin to the one created by Messier 250 years ago, which classified deep-sky objects observable at that time."

It has been hailed by co-author Professor Alan Watson, of the National Autonomous University of Mexico, as a "great resource" that could help "push the frontiers of our knowledge forward."

Professors Watson and Dainotti were part of a team of more than 50 scientists who meticulously studied how GRB light reaches Earth over several weeks and, in some cases, even months after the explosion. The result, they say, is the largest catalogue ever assembled of GRBs observed in optical wavelengths with measured distances.

It includes 64,813 photometric observations collected over 26 years, with notable contributions from the Swift satellites, the RATIR camera, and the Subaru Telescope.

What the team found particularly interesting about their findings was that nearly a third of the GRBs recorded (28 per cent) did not change or evolve as the light from the explosions travelled across the cosmos.




Co-author Dr Rosa Becerra, of the University of Tor Vergata in Rome, said this suggests that some of the most recent GRBs behave in exactly the same way as those which occurred billions of years ago.

Such a finding is at odds with the big picture commonly seen in the Universe, where objects have continuously evolved from the Big Bang.

Professor Dainotti added: "This phenomenon could indicate a very peculiar mechanism for how these explosions occur, suggesting that the stars linked to GRBs are more primitive than those born more recently.

"However, this hypothesis still needs more investigation."

On the other hand, for the few GRBs where this optical evolution matches the X-ray evolution, a more straightforward explanation is possible.

"Specifically, we are observing an expanding plasma composed of electrons and positrons that cools over time, and like a hot iron rod radiating redder and redder light as it cools, we do see a transition of the emission mechanism," said fellow researcher Professor Bruce Gendre, of the University of the Virgin Islands.

"In this case, this mechanism may be linked to the magnetic energy that powers these phenomena."

The researchers now want the astronomical community to help expand their GRB compilation further. They have made the data accessible through a user-friendly web app and have called on their peers to add to it, ideally by sharing findings in the same format.

"Adopting a standardised format and units, potentially linked to the International Virtual Observatory Alliance protocols, will enhance the consistency and accessibility of the data in this field," Professor Gendre said.

"Once the data are secured, additional population studies will be conducted, triggering new discoveries based on the statistical analysis of the current work."
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How El Nino and mega ocean warming caused the greatest-ever mass extinction | ScienceDaily
Mega ocean warming El Nino events were key in driving the largest extinction of life on planet Earth some 252 million years ago, according to new research.


						
The study, published today in Science and co-led by the University of Bristol and China University of Geosciences (Wuhan), has shed new light on why the effects of rapid climate change in the Permian-Triassic warming were so devastating for all forms of life in the sea and on land.

Scientists have long linked this mass extinction to vast volcanic eruptions in what is now Siberia. The resulting carbon dioxide emissions rapidly accelerated climate warming, resulting in widespread stagnation and the collapse of marine and terrestrial ecosystems.

But what caused life on land, including plants and usually resilient insects, to suffer just as badly has remained a source of mystery.

Co-lead author Dr Alexander Farnsworth, Senior Research Associate at the University of Bristol, said: "Climate warming alone cannot drive such devastating extinctions because, as we are seeing today, when the tropics become too hot, species migrate to the cooler, higher latitudes. Our research has revealed that increased greenhouse gases don't just make the majority of the planet warmer, they also increase weather and climate variability making it even more 'wild' and difficult for life to survive."

The Permian-Triassic catastrophe shows the problem of global warming is not just a matter of it becoming unbearably hot, but also a case of conditions swinging wildly over decades.

"Most life failed to adapt to these conditions, but thankfully a few things survived, without which we wouldn't be here today. It was nearly, but not quite, the end of the life on Earth," said co-lead author Professor Yadong Sun at China University of Geosciences, Wuhan.

The scale of Permian-Triassic warming was revealed by studying oxygen isotopes in the fossilised tooth material of tiny extinct swimming organisms called conodonts. By studying the temperature record of conodonts from around the world, the researchers were able to show a remarkable collapse of temperature gradients in the low and mid latitudes.




Dr Farnsworth, who used pioneering climate modelling to evaluate the findings, said: "Essentially, it got too hot everywhere. The changes responsible for the climate patterns identified were profound because there were much more intense and prolonged El Nino events than witnessed today. Species were simply not equipped to adapt or evolve quickly enough."

In recent years El Nino events have caused major changes in rainfall patterns and temperature. For example, the weather extremes that caused the June 2024 North American heatwave when temperatures were around 15degC hotter than normal. 2023-2024 was also one of the hottest years on record globally due to a strong El Nino in the Pacific, which was further exacerbated by increased human-induced CO2 driving catastrophic drought and fires around the world.

"Fortunately such events so far have only lasted one to two years at a time. During the Permian-Triassic crisis, El Nino persisted for much longer resulting in a decade of widespread drought, followed by years of flooding. Basically, the climate was all over the place and that makes it very hard for any species to adapt," co-author Paul Wignall, Professor of Palaeoenvironments at the University of Leeds.

The results of the climate modelling also help explain the abundant charcoal found in rock layers of that age.

"Wildfires become very common if you have a drought-prone climate. Earth got stuck in a crisis state where the land was burning and the oceans stagnating. There was nowhere to hide," added co-author Professor David Bond, a palaeontologist at the University of Hull.

The researchers observed that throughout Earth's history there have been many volcanic events similar to those in Siberia, and many caused extinctions, but none led to a crisis of the scale of the Permian-Triassic event.




They found Permian-Triassic extinction was so different because these Mega-El Ninos created positive feedback on the climate which led to incredibly warm conditions starting in the tropics and then beyond, resulting in the dieback of vegetation. Plants are essential for removing CO2 from the atmosphere, as well as the foundation of the food web, and if they die so does one of the Earth's mechanisms to stop CO2 building up in the atmosphere as a result of continued volcanism.

This also helps explain the conundrum regarding the Permian-Triassic mass extinction whereby the extinction on land occurred tens of thousands of years before extinction in the oceans.

"Whilst the oceans were initially shielded from the temperature rises, the mega-El Nino's caused temperatures on land to exceed most species thermal tolerances at rates so rapid that they could not adapt in time," explained Dr Sun.

"Only species that could migrate quickly could survive, and there weren't many plants or animals that could do that."

Mass extinctions, although rare, are the heartbeat of the Earth's natural system resetting life and evolution along different paths.

"The Permo-Triassic mass extinction, although devastating, would ultimately see the rise of Dinosaurs becoming the dominant species thereafter as would the Cretaceous mass extinction lead to the rise of mammals, and humans," Dr Farnsworth concluded.
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Climate-change-triggered 2023 mega-landslide caused Earth to vibrate for nine days | ScienceDaily
A landslide in a remote part of Greenland caused a mega-tsunami that sloshed back and forth across a fjord for nine days, generating vibrations throughout Earth, according to a new study involving UCL researchers.


						
The study, published in the journal Science, concluded that this movement of water was the cause of a mysterious, global seismic signal that lasted for nine days and puzzled seismologists in September 2023.

The initial event, not observed by human eye, was the collapse of a 1.2km-high mountain peak into the remote Dickson Fjord beneath, causing a backsplash of water 200 metres in the air, with a wave up to 110 metres high. This wave, extending across 10km of fjord, reduced to seven metres within a few minutes, the researchers calculated, and would have fallen to a few centimetres in the days after.

The team used a detailed mathematical model, recreating the angle of the landslide and the uniquely narrow and bendy fjord, to demonstrate how the sloshing of water would have continued for nine days, with little energy able to escape.

The model predicted that the mass of water would have moved back and forth every 90 seconds, matching the recordings of vibrations travelling in the Earth's crust all around the globe.

The landslide, the researchers wrote, was a result of the glacier at the foot of the mountain thinning, becoming unable to hold up the rock-face above it. This was ultimately due to climate change. The landslide and tsunami were the first observed in eastern Greenland.

Co-author Dr Stephen Hicks, of UCL Earth Sciences, said: "When I first saw the seismic signal, I was completely baffled. Even though we know seismometers can record a variety of sources happening on Earth's surface, never before has such a long-lasting, globally travelling seismic wave, containing only a single frequency of oscillation, been recorded. This inspired me to co-lead a large team of scientists to figure out the puzzle.




"Our study of this event amazingly highlights the intricate interconnections between climate change in the atmosphere, destabilisation of glacier ice in the cryosphere, movements of water bodies in the hydrosphere, and Earth's solid crust in the lithosphere.

"This is the first time that water sloshing has been recorded as vibrations through the Earth's crust, travelling the world over and lasting several days."

The mysterious seismic signal -- coming from a vibration through the Earth's crust -- was detected by seismometers all over the globe, from the Arctic to Antarctica. It looked completely different to frequency-rich 'rumbles' and 'pings' from earthquake recordings, as it contained only a single vibration frequency, like a monotonous-sounding hum.

When the study's authors first discovered the signal, they made a note of it as a "USO": unidentified seismic object.

At the same time, news of a large tsunami in a remote northeast Greenland fjord reached authorities and researchers working in the area.

The researchers joined forces in a unique multidisciplinary group involving 68 scientists from 40 institutions in 15 countries, combining seismometer and infrasound data, field measurements, on-the-ground and satellite imagery, and simulations of tsunami waves.




The team also used imagery captured by the Danish military who sailed into the fjord just days after the event to inspect the collapsed mountain-face and glacier front along with the dramatic scars left by the tsunami.

It was this combination of local field data and remote, global-scale observations that allowed the team to solve the puzzle and reconstruct the extraordinary cascading sequence of events.

Lead author Dr Kristian Svennevig, from the Geological Survey of Denmark and Greenland (GEUS), said: "When we set out on this scientific adventure, everybody was puzzled and no one had the faintest idea what caused this signal. All we knew was that it was somehow associated with the landslide. We only managed to solve this enigma through a huge interdisciplinary and international effort."

He added: "As a landslide scientist, an additional interesting aspect of this study is that this is the first-ever landslide and tsunami observed from eastern Greenland, showing how climate change already has major impacts there."

The team estimated that 25 million cubic metres of rock and ice crashed into the fjord (enough to fill 10,000 Olympic-sized swimming pools).

They confirmed the size of the tsunami, one of the largest seen in recent history, using numerical simulations as well as local data and imagery.

Seventy kilometres away from the landslide, four-metre-high tsunami waves damaged a research base at Ella O (island) and destroyed cultural and archaeological heritage sites across the fjord system.

The fjord is on a route commonly used by tourist cruise ships visiting the Greenland fjords. Fortunately, no cruise ships were close to Dickson Fjord on the day of the landslide and tsunami, but if they had been, the consequences of a tsunami wave of that magnitude could have been devastating.

Mathematical models recreating the width and depth of the fjord at very high resolution demonstrated how the distinct rhythm of a mass of water moving back and forth matched the seismic signal.

The study concluded that with rapidly accelerating climate change, it will become more important than ever to characterise and monitor regions previously considered stable and provide early warning of these massive landslide and tsunami events.

Co-author Thomas Forbriger, from Karlsruhe Institute of Technology, said: "We wouldn't have discovered or been able to analyse this amazing event without networks of high-fidelity broadband seismic stations around the world, which are the only sensors that can truly capture such a unique signal."

Co-author Anne Mangeney, from Universite Paris Cite, Institut de Physique du Globe de Paris, said: "This unique tsunami challenged the classical numerical models that we previously used to simulate just a few hours of tsunami propagation. We had to go to an unprecedentedly high numerical resolution to capture this long-duration event in Greenland. This opens up new avenues in the development of numerical methods for tsunami modelling."
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Invisibility cloaks? Wave scattering simulation unlocks potential for advanced metamaterials | ScienceDaily
A new software package developed by researchers at Macquarie University can accurately model the way waves -- sound, water or light -- are scattered when they meet complex configurations of particles.


						
This will vastly improve the ability to rapidly design metamaterials -- exciting artificial materials used to amplify, block or deflect waves.

The findings, published in the journal Proceedings of the Royal Society A on 19 June 2024, demonstrated the use of TMATSOLVER -- a multipole-based tool that models interactions between waves and particles of various shapes and properties.

The TMATSOLVER software makes it very easy to simulate arrangements of up to several hundred scatterers, even when they have complex shapes.

Lead author Dr Stuart Hawkins from Macquarie University's Department of Mathematics and Statistics says the software uses the transition matrix (T-matrix) -- a grid of numbers that fully describes how a certain object scatters waves.

"The T-matrix has been used since the 1960s, but we've made a big step forward in accurately computing the T-matrix for particles much larger than the wavelength, and with complex shapes," says Dr Hawkins.

"Using TMATSOLVER, we have been able to model configurations of particles that could previously not be addressed."

Dr Hawkins worked with other mathematicians from the University of Adelaide, as well as the University of Manchester and Imperial College London, both in the UK, and from the University of Augsburg and University of Bonn, both in Germany.




"It was fantastic to work on this project and incorporate the TMATSOLVER software into my research on metamaterials," says Dr Luke Bennetts, a researcher at the University of Adelaide and co-author of the article.

"It meant I could avoid the bottleneck of producing numerical computations to test metamaterial theories and allowed me to easily generalise my test cases to far more complicated geometries."

Applications in metamaterials 

The researchers demonstrated the software's capabilities through four example problems in metamaterial design. These problems included arrays of anisotropic particles, high-contrast square particles, and tuneable [JvE1] periodic structures that slow down waves.

Metamaterials are designed to have unique properties not found in nature, letting them interact with electromagnetic, sound or other waves by controlling the size, shape and arrangement of their nanoscale structures.

Examples include super-lenses to view objects at the molecular scale; invisibility cloaks, which refract all visible light; and perfect wave absorption for energy harvesting or noise reduction.




The findings from this research and development of the TMATSOLVER tool will have wide application in accelerating research and development in the growing global market for metamaterials which can be designed for precise wave control.

"We have shown that our software can compute the T-matrix for a very wide range of particles, using the techniques most appropriate for the type of particle," Dr Hawkins says.

"This will enable rapid prototyping and validation of new metamaterial designs."

Professor Lucy Marshall, Executive Dean, Faculty of Science and Engineering at Macquarie University, says the software could accelerate new breakthroughs.

"This research represents a big leap forward in our ability to design and simulate complex metamaterials, and is a prime example of how innovative computational methods can drive advancements in materials science and engineering," says Professor.
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Trilobite fossils from upstate New York reveal 'extra' set of legs | ScienceDaily
A new study finds that a trilobite species with exceptionally well-preserved fossils from upstate New York has an additional set of legs underneath its head. The research, led by the American Museum of Natural History and Nanjing University in China, suggests that having a fifth pair of head appendages might be more widespread among trilobites than once thought. Published today in the journal Palaeontology, the study helps researchers better understand how trilobite heads are segmented.


						
Trilobites are a group of extinct arthropods whose living relatives include lobsters and spiders. Like other arthropods, the bodies of trilobites are made up of many segments, with the head region comprised of several fused segments. As with other parts of the trilobite body (the thorax and tail), these segments were associated with appendages, which ranged in function from sensing to feeding to locomotion.

"The number of these segments and how they are associated with other important traits, like eyes and legs, is important for understanding how arthropods are related to one another, and therefore, how they evolved," said Melanie Hopkins, curator and chair of the Museum's Division of Paleontology.

The segments in the trilobite head can be counted in two different ways: by looking at the grooves (called furrows) on the upper side of the trilobite fossil's hard exoskeleton, or by counting the pairs of preserved antennae and legs on the underside of the fossil. The soft appendages of trilobites are rarely preserved, though, and when looking at the segments in the trilobite head, researchers regularly find a mismatch between these two methods.

In the new study, Hopkins and colleague Jin-Bo Hou from Nanjing University examined newly recovered specimens of the exceptionally preserved trilobite Triarthrus eatoni from upstate New York. These fossils, known for the gold shine of the pyrite replacement preserving them, show an additional, previously undescribed leg underneath the head.

"This fantastic preservation style allows us to observe 3D appendages in hundreds of specimens directly from the ventral side of the animals, just like looking at the appendages of horseshoe crabs on a beach by grabbing them and turning them upside down," said Hou.

By making comparisons with another trilobite species, the exceptionally preserved Olenoides serratus from the Burgess Shale in British Columbia, Hopkins and Hou propose a model for how appendages were attached to the head in relation to the grooves in the exoskeleton. This model resolves the apparent mismatch and indicates that the trilobite head included six segments: an anterior segment associated with the developmental origin of the eyes and five additional segments, associated with one pair of antennae and four pairs of walking legs, respectively.

This study expands on the analysis that Hou and Hopkins have done on Triarthrus eatoni, whichshowed that the walking legs carry micron-sized respiratory structures (gills) and that the function of some of the spines on the walking legs was to keep these gills clean.
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New fossil fish species scales up evidence of Earth's evolutionary march | ScienceDaily
Climate change and asteroids are linked with animal origin and extinction -- and plate tectonics also seems to play a key evolutionary role, 'groundbreaking' new fossil research reveals.


						
The discovery of an exceptionally well preserved ancient primitive Devonian coelacanth fish in remote Western Australia has been linked to a period of heightened tectonic activity, or movement in the Earth's crust, according to the new study in Nature Communications. (Open access when published)

Led by Flinders University and experts from Canada, Australia and Europe, the new fossil from the Gogo Formation in WA, named Ngamugawi wirngarri, also helps to fill in an important transition period in coelacanth history, between the most primitive forms and other more 'anatomically-modern' forms.

"We are thrilled to work with people of the Mimbi community to grace this beautiful new fish with the first name taken from the Gooniyandi language," says first author Dr Alice Clement, an evolutionary biologist and palaeontologist from Flinders University.

"Our analyses found that tectonic plate activity had a profound influence on rates of coelacanth evolution. Namely that new species of coelacanth were more likely to evolve during periods of heightened tectonic activity as new habitats were divided and created," she says.

The study confirms the Late Devonian Gogo Formation as one of the richest and best-preserved assemblages of fossil fishes and invertebrates on Earth.

Flinders University Strategic Professor of Palaeontology John Long says the fossil, dating from the Devonian Period (359-419 million years ago), "provides us with some great insight into the early anatomy of this lineage that eventually led to humans."

"For more than 35 years, we have found several perfectly preserved 3D fish fossils from Gogo sites which have yielded many significant discoveries, including mineralised soft tissues and the origins of complex sexual reproduction in vertebrates," says Professor Long.




"Our study of this new species led us to analyse the evolutionary history of all known coelacanths."

Many parts of human anatomy originated in the Early Palaeozoic (540-350 million years ago). This was when jaws, teeth, paired appendages, ossified brain-cases, intromittent genital organs, chambered hearts and paired lungs all appeared in early fishes.

"While now covered in dry rocky outcrops, the Gogo Formation on Gooniyandi Country in the Kimberley region of northern Western Australia was part of an ancient tropical reef teeming with more than 50 species of fish about 380 million years ago.

"We calculated the rates of evolution across their 410 million-year history. This revealed that coelacanth evolution has slowed down drastically since the time of the dinosaurs, but with a few intriguing exceptions."

Today, the coelacanth is a fascinating deep-sea fish that lives off the coasts of eastern Africa and Indonesia and can reach up to 2m in length. They are "lobe-finned" fish, which means they have robust bones in their fins not too dissimilar to the bones in our own arms, and are thus considered to be more closely related to lungfish and tetrapods (the back-boned animals with arms and legs such as frogs, emus and mice) than most other fishes.

Over the past 410 million years, more than more than 175 species of coelacanths have been discovered across the globe. During the Mesozoic Era, the age of dinosaurs, coelacanths diversified significantly, with some species developing unusual body shapes. However, at the end of the Cretaceous Period, around 66 million years ago, they mysteriously disappeared from the fossil record.




The end Cretaceous extinction, sparked by the impact from a massive asteroid, wiped out approximately 75% of all life on Earth, including all of the non-avian (bird-like) dinosaurs. Thus, it was presumed that the coelacanth fishes had been swept up as a casualty of the same mass extinction event.

But in 1938, people fishing off South Africa pulled up a large mysterious looking fish from the ocean depths, with the 'lazarus' fish going on to gain cult status in the world of biological evolution.

Another senior co-author, vertebrate palaeontologist Professor Richard Cloutier, from the University of Quebec in Rimouski (UQAR), says the new Nature Communications study challenges the idea that surviving coelacanths are the oldest 'living fossils'.

"They first appear in the geological record more than 410 million years ago, with fragmentary fossils known from places like China and Australia. However, most of the early forms remain poorly known, making Ngamugawi wirngarri the best known Devonian coealacanth.

"As we slowly fill in the gaps, we can start to understand how living coelacanth species of Latimeria, which commonly are considered to be 'living fossils,' actually are continuing to evolve and might not deserve such an enigmatic title," says Professor Cloutier, a previous honorary visiting scholar at Flinders University.

The study's coauthors have affiliations with Mahasarakham University in Thailand, the South Australian Museum, Max Planck Institute for Evolutionary Anthropology in Germany, University of Bristol, Curtin University in Western Australia and the WA Museum.
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Hair-thin wire to help simulate cosmic conditions | ScienceDaily
Extreme conditions prevail inside stars and planets. The pressure reaches millions of bars, and it can be several million degrees hot. Sophisticated methods make it possible to create such states of matter in the laboratory -- albeit only for the blink of an eye and in a tiny volume. So far, this has required the world's most powerful lasers, such as the National Ignition Facility (NIF) in California. But there are only a few of these light giants, and the opportunities for experiments are correspondingly rare. A research team led by the Helmholtz-Zentrum Dresden-Rossendorf (HZDR), together with colleagues from the European XFEL, has now succeeded in creating and observing extreme conditions with a much smaller laser. At the heart of the new technology is a copper wire, finer than a human hair, as the group reports in the journal Nature Communications.


						
So far, experts have been firing extremely high-energy laser flashes at a material sample, usually a thin foil. This causes the material on the surface to heat up suddenly. This creates a shock wave that races through the sample. It compresses the material and heats it up. For a few nanoseconds, conditions arise like those in the interior of a planet or in the shell of a star. The tiny time window is sufficient to study the phenomenon using special measuring techniques, such as the ultra-strong X-ray flashes of the European XFEL in Schenefeld near Hamburg, Germany.

Here, at Europe's most powerful X-ray laser, the HZDR leads an international user consortium called HIBEF -- Helmholtz International Beamline for Extreme Fields. Among other things, this consortium operates a laser at the High Energy Density (HED-HIBEF) experimental station, which generates ultra-short pulses that do not have particularly high energy -- only about one joule. However, at 30 femtoseconds, they are so short that they achieve an output of 100 terawatts. The research team used this laser at HED-HIBEF to fire at a thin copper wire, just 25 micrometers thick. "Then we were able to use the strong X-ray flashes from the European XFEL to observe what was happening inside the wire," explains Dr. Alejandro Laso Garcia, lead author of the paper. "This combination of short-pulse laser and X-ray laser is unique in the world. It was only thanks to the high quality and sensitivity of the X-ray beam that we were able to observe an unexpected effect."

Concentrated shock waves

In several series of measurements, the scientists systematically varied the time interval between the impact of the laser flash and the X-rays shining through. This made it possible to record a detailed "X-ray film" of the event: "First, the laser pulse interacts with the wire and generates a local shock wave that passes through the wire like a detonation and ultimately destroys it," explains HIBEF department head Dr. Toma Toncian. "But before that, some of the high-energy electrons created when the laser hits, race along the surface of the wire." These fast electrons heat up the surface of the wire quickly and generate further shock waves. These then run in turn from all sides to the center of the wire. For a brief moment, all the shock waves collide there and generate extremely high pressures and temperatures.

The measurements showed that the density of the copper in the middle of the wire was briefly eight to nine times higher than in "normal," cold copper. "Our computer simulations suggest that we have reached a pressure of 800 megabars," says Prof. Thomas Cowan, director of the HZDR Institute of Radiation Physics and initiator of the HIBEF consortium. "That corresponds to 800 million times atmospheric pressure and 200 times the pressure that prevails inside the earth." The temperature reached was also enormous by terrestrial standards: 100,000 degrees Celsius.

Perspectives for nuclear fusion

These are the conditions that are close to those in the corona of a white dwarf star. "Our method could also be used to achieve conditions like those in the interior of huge gas planets," emphasizes Laso Garcia. This includes not only well-known giants like Jupiter, but also a large number of distant exoplanets that have been discovered over the past few years. The research team has now also set its sights on wires made of other materials, such as iron and plastic. "Plastic is mainly made of hydrogen and carbon," says Toncian. "And both elements are found in stars and their corona."

The new measurement method should not only be useful for astrophysics, but also for another field of research. "Our experiment shows in an impressive way how we can generate very high densities and temperatures in a wide variety of materials," says Ulf Zastrau, who heads the HED group at the European XFEL. "This will take fusion research an important step further." Several research teams and start-ups around the world are currently working on a fusion power plant based on high-performance lasers.

The principle: Strong laser flashes hit a fuel capsule made of frozen hydrogen from all sides and ignite it, with more energy coming out than was put in. "With our method, we could observe in detail what happens inside the capsule when it is hit by the laser pulses," says Cowan, describing future experiments. "We expect that this can have a huge impact on basic research in this area."
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NASA's Webb peers into the extreme outer galaxy | ScienceDaily
Astronomers have directed NASA's James Webb Space Telescope to examine the outskirts of our Milky Way galaxy. Scientists call this region the Extreme Outer Galaxy due to its location more than 58,000 light-years away from the Galactic Center. (For comparison, Earth is approximately 26,000 light-years from the center.)


						
A team of scientists used Webb's NIRCam (Near-Infrared Camera) and MIRI (Mid-Infrared Instrument) to image select regions within two molecular clouds known as Digel Clouds 1 and 2. With its high degree of sensitivity and sharp resolution, the Webb data resolved these areas, which are hosts to star clusters undergoing bursts of star formation, in unprecedented detail. Details of this data include components of the clusters such as very young (Class 0) protostars, outflows and jets, and distinctive nebular structures.

These Webb observations, which came from telescope time allocated to Mike Ressler of NASA's Jet Propulsion Laboratory in Southern California, are enabling scientists to study star formation in the outer Milky Way in the same depth of detail as observations of star formation in our own solar neighborhood.

"In the past, we knew about these star forming regions but were not able to delve into their properties," said Natsuko Izumi of Gifu University and the National Astronomical Observatory of Japan, lead author of the study. "The Webb data builds upon what we have incrementally gathered over the years from prior observations with different telescopes and observatories. We can get very powerful and impressive images of these clouds with Webb. In the case of Digel Cloud 2, I did not expect to see such active star formation and spectacular jets."

Stars in the Making

Although the Digel Clouds are within our galaxy, they are relatively poor in elements heavier than hydrogen and helium. This composition makes them similar to dwarf galaxies and our own Milky Way in its early history. Therefore, the team took the opportunity to use Webb to capture the activity occurring in four clusters of young stars within Digel Clouds 1 and 2: 1A, 1B, 2N, and 2S.

For Cloud 2S, Webb captured the main cluster containing young, newly formed stars. This dense area is quite active as several stars are emitting extended jets of material along their poles. Additionally, while scientists previously suspected a sub-cluster might be present within the cloud, Webb's imaging capabilities confirmed its existence for the first time.




"We know from studying other nearby star-forming regions that as stars form during their early life phase, they start emitting jets of material at their poles," said Ressler, second author of the study and principal investigator of the observing program. "What was fascinating and astounding to me from the Webb data is that there are multiple jets shooting out in all different directions from this cluster of stars. It's a little bit like a firecracker, where you see things shooting this way and that."

The Saga of Stars

The Webb imagery skims the surface of the Extreme Outer Galaxy and the Digel Clouds, and is just a starting point for the team. They intend to revisit this outpost in the Milky Way to find answers to a variety of current mysteries, including the relative abundance of stars of various masses within Extreme Outer Galaxy star clusters. This measurement can help astronomers understand how a particular environment can influence different types of stars during their formation.

"I'm interested in continuing to study how star formation is occurring in these regions. By combining data from different observatories and telescopes, we can examine each stage in the evolution process," said Izumi. "We also plan to investigate circumstellar disks within the Extreme Outer Galaxy. We still don't know why their lifetimes are shorter than in star-forming regions much closer to us. And of course, I'd like to understand the kinematics of the jets we detected in Cloud 2S."

Though the story of star formation is complex and some chapters are still shrouded in mystery, Webb is gathering clues and helping astronomers unravel this intricate tale.

The observations were taken as part of Guaranteed Time Observation program 1237.
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Powered by renewable energy, microbes turn CO2 into protein and vitamins | ScienceDaily
Researchers in Germany can harvest protein and vitamin B9 from microbes by feeding them nothing much more than hydrogen, oxygen, and CO2. The technology, published September 12 in the Cell Press journal Trends in Biotechnology, runs on renewable energy to produce a sustainable, micronutrient-enriched protein alternative that may one day make it to our plates.


						
"This is a fermentation process similar to how you make beer, but instead of giving the microbes sugar, we gave them gas and acetate," says corresponding author Largus Angenent of the University of Tubingen, Germany. "We knew that yeast could produce vitamin B9 on their own with sugar, however, we didn't know if they could do the same with acetate."

"We are approaching 10 billion people in the world, and with climate change and limited land resources, producing enough food will become harder and harder," says Angenent. "One alternative is growing proteins in bioreactors through biotechnology rather than growing crops to feed animals. It makes agriculture much more efficient."

The team designed a two-stage bioreactor system that produces yeast rich in protein and vitamin B9. This vitamin is also known as folate and is essential for bodily functions like cell growth and metabolism. In the first stage, the bacterium Thermoanaerobacter kivui converts hydrogen and CO2 into acetate, which is found in vinegar. In the second stage, Saccharomyces cerevisiae, more commonly known as baker's yeast, feeds on acetate and oxygen to make protein and vitamin B9. The hydrogen and oxygen can be produced by zapping water with electricity produced by clean energy sources like windmills, for example.

It turns out acetate-fed yeast produces about the same amount of vitamin B9 as those that eat sugar. Just 6 grams, or 0.4 tablespoon, of the harvested dried yeast meets the daily vitamin B9 requirement. The vitamin levels were measured by a team led by co-author Michael Rychlik at the Technical University of Munich, Germany.

For protein, the researchers found that the levels in their yeast exceed those of beef, pork, fish, and lentils. Eighty-five grams, or 6 tablespoons, of yeast provides 61% of daily protein needs, while beef, pork, fish, and lentils meet 34%, 25%, 38%, and 38% of the need, respectively. However, the yeast should be treated to rid compounds that can increase the risk of gout if consumed excessively. Even so, treated yeast still meets 41% of the daily protein requirement, comparable to traditional protein sources.

This technology aims to address several global challenges: environmental conservation, food security, and public health. Running on clean energy and CO2, the system reduces carbon emissions in food production. It uncouples land use from farming, freeing up space for conservation. Angenent also stresses that it will not outcompete farmers. Instead, the technology will help concentrate farmers to produce vegetables and crops sustainably. The team's yeast may also help developing nations overcome food scarcity and nutritional deficiencies by delivering protein and vitamin B9.

But before picking up the research team's yeast at a grocery aisle as a protein alternative, Angenent says there's much more to do. They plan to optimize and scale up production, investigate food safety, conduct technical and economic analyses, and gauge market interest.

"The fact that we can make vitamins and protein at the same time at a pretty high production rate without using any land is exciting," says Angenent. "The end product is vegetarian/vegan, non-GMO, and sustainable, which could appeal to consumers."

This work was supported by the Alexander von Humboldt Foundation, the Federal Ministry of Education and Research in Germany, the Novo Nordisk Foundation CO2 Research Center (CORC), SPRIND GmbH, and the Federal Ministry of Education and Research. 
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Quantum researchers cause controlled 'wobble' in the nucleus of a single atom | ScienceDaily
Researchers from Delft University of Technology in The Netherlands have been able to initiate a controlled movement in the very heart of an atom. They caused the atomic nucleus to interact with one of the electrons in the outermost shells of the atom. This electron could be manipulated and read out through the needle of a scanning tunneling microscope. The research, published in Nature Communications today, offers prospects for storing quantum information inside the nucleus, where it is safe from external disturbances.


						
For weeks on end, the researchers studied a single titanium atom. "A Ti-47 atom, to be precise," says research leader Sander Otte. "It has one neutron less than the naturally abundant Ti-48, which makes the nucleus slightly magnetic." This magnetism, the 'spin' in quantum language, can be seen as a sort of compass needle that can point in various directions. The orientation of the spin at a given time constitutes a piece of quantum information.

Precisely tuned

The nucleus of an atom floats inside a -- comparatively -- giant void far away from the orbiting electrons, oblivious of its environment. But there is one exception: due to the extremely weak 'hyperfine interaction', the nuclear spin can be influenced by the spin of one of the electrons. "Easier said than done," says Lukas Veldman, who recently defended his PhD dissertation on the research with honours. "The hyperfine interaction is so weak that it is effective only in a very small, precisely tuned magnetic field."

Voltage pulse

Once all experimental conditions were met, the researchers used a voltage pulse to push the electron spin out of equilibrium, after which both spins wobbled together for a fraction of a microsecond. "Exactly how Schrodinger predicted," says Veldman. Alongside the experiments he performed calculations that reproduced the observed fluctuations surprisingly well. The strong agreement between observations and predictions demonstrates that no quantum information is lost during the interaction between electron and nucleus.

Storing quantum information

The efficient shielding from the environment makes the nuclear spin a viable candidate for holding quantum information. The current research may bring that application one step closer. But that is not what primarily drives the researchers. Otte: "This experiment gives humans influence on the state of matter on an unimaginably small scale. To me, that alone makes it worth the effort."
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Researchers discover building blocks that could 'revolutionize computing' | ScienceDaily
A research team at University of Limerick has made a major discovery by designing molecules that could revolutionise computing.


						
The researchers at UL's Bernal Institute have discovered new ways of probing, controlling and tailoring materials at the most fundamental molecular scale.

The results have been used in an international project involving experts worldwide to help create a brand-new type of hardware platform for artificial intelligence that achieves unprecedented improvements in computational speed and energy efficiency.

The research has just been published in the scientific journal Nature.

The UL team, led by Damien Thompson, Professor of Molecular Modelling at UL and director of SSPC, the Research Ireland Centre for Pharmaceuticals, in an international collaboration with scientists at the Indian Institute of Science (IISc) and Texas A&M University, believe that this new discovery will lead to innovative solutions to societal grand challenges in health, energy and the environment.

Professor Thompson explained: "The design draws inspiration from the human brain, using the natural wiggling and jiggling of atoms to process and store information. As the molecules pivot and bounce around their crystal lattice, they create a multitude of individual memory states.

"We can trace out the path of the molecules inside the device and map each snapshot to a unique electrical state. That creates a kind of tour diary of the molecule that can be written and read just like in a conventional silicon-based computer, but here with massively improved energy and space economy because each entry is smaller than an atom.




"This outside the box solution could have huge benefits for all computing applications, from energy hungry data centres to memory intensive digital maps and online gaming."

To-date, neuromorphic platforms -- an approach to computing inspired by the human brain -- have worked only for low-accuracy operations, such as inferencing in artificial neural networks. This is because core computing tasks including signal processing, neural network training, and natural language processing require much higher computing resolution than what existing neuromorphic circuits could offer.

For this reason then, achieving high resolution has been the most daunting challenge in neuromorphic computing.

The team's reconceptualization of the underlying computing architecture achieves the required high resolution, performing resource-intensive workloads with unprecedented energy efficiency of 4.1 tera-operations per second per watt (TOPS/W).

The team's breakthrough extends neuromorphic computing beyond niche applications in a move that can potentially unleash the long-heralded transformative benefits of artificial intelligence and augment the core of digital electronics from the cloud to the edge.

Project lead at IISc Professor Sreetosh Goswami said: "By precisely controlling the vast array of available molecular kinetic states, we created the most accurate, 14-bit, fully functional neuromorphic accelerator integrated into a circuit board that can handle signal processing, AI and machine learning workloads such as artificial neural networks, auto-encoders, and generative adversarial networks.

"Most significantly, leveraging the high precision of the accelerators, we can train neural networks on the edge, addressing one of the most pressing challenges in AI hardware."

Further enhancements are coming, as the team works to expand the range of materials and processes used to create the platforms and increase the processing power even further.

Professor Thompson explained: "The ultimate aim is to replace what we now think of as computers with high-performance 'everyware' based on energy efficient and eco-friendly materials providing distributed ubiquitous information processing throughout the environment integrated in everyday items from clothing to food packaging to building materials."
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Research reveals reality of Ice Age teen puberty | ScienceDaily
Landmark new research shows Ice Age teens from 25,000 years ago went through similar puberty stages as modern-day adolescents. In a study published today in the Journal of Human Evolution of the timing of puberty in Pleistocene teens, researchers are addressing a knowledge gap about how early humans grew up.


						
Found in the bones of 13 ancient humans between 10 and 20 years old is evidence of puberty stages. Co-led by University of Victoria (UVic) paleoanthropologist April Nowell, researchers found specific markers in the bones that allowed them to assess the progress of adolescence.

"By analyzing specific areas of the skeleton, we inferred things like menstruation and someone's voice breaking," says Nowell.

The technique was developed by lead author Mary Lewis from the University of Reading. Lewis's technique evaluates the mineralization of the canines and maturation of the bones of the hand, elbow, wrist, neck and pelvis to identify the stage of puberty reached by the individual at their time of death.

"This is the first time my puberty stage estimation method has been applied to Paleolithic fossils and it is also the oldest application of another method -- peptide analysis -- for biological sex estimation," says Lewis.

Life during prehistory was believed to be as Thomas Hobbes described: "nasty, brutish and short." However, this new study shows these teens were actually quite healthy. Most individuals in the study sample entered puberty by 13.5, reaching full adulthood between 17 and 22 years old. This indicates these Ice Age adolescents started puberty at a similar time to teens in modern, wealthy countries.

"It can sometimes be difficult for us to connect with the remote past, but we all went through puberty even if we experienced it differently," says Nowell. "Our research helps to humanize these teens in a way that simply studying stone tools cannot."

One of the 13 skeletons examined was "Romito 2," an adolescent estimated to be male and the earliest known individual with a form of dwarfism. This new research on puberty assessment provides further information about Romito 2's likely physical appearance and his social role.




Since he was mid-way through puberty, his voice would be deeper much like an adult male and he would have been able to father children; however, he may still have appeared quite youthful with fine facial hair. Due to his short height, his appearance would have been closer to that of a child, which may have had implications for how he was perceived by his community.

"The specific information about the physical appearance and developmental stage of these Ice Age adolescents derived from our puberty study provides a new lens through which to interpret their burials and treatment in death," says archaeologist Jennifer French of the University of Liverpool, one of the co-authors of the study.

Researchers from six institutions collaborated internationally to develop this body of knowledge: UVic (Canada), University of Reading and University of Liverpool (UK), Museum of Prehistoric Anthropology of Monaco (Monaco), University of Cagliari (Italy) and University of Siena (Italy). The collaboration continues with research into the lives of Ice Age teenagers and their social roles.

This research was supported by the Social Sciences and Humanities Research Council, in addition to Nowell's Lansdowne Fellowship Award.
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