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      Latest Science News

      Breaking science news and articles on global warming, extrasolar planets, stem cells, bird flu, autism, nanotechnology, dinosaurs, evolution -- the latest discoveries in astronomy, anthropology, biology, chemistry, climate and environment, computers, engineering, health and medicine, math, physics, psychology, technology, and more -- from the world's leading universities and research organizations.


      
        Study identifies new metric for diagnosing autism
        Autism spectrum disorder has yet to be linked to a single cause, due to the wide range of its symptoms and severity. However, a recent study suggests a promising new approach to finding answers, one that could lead to advances in the study of other neurological conditions.

      

      
        Protecting brain cells with cannabinol
        Scientists created four cannabis-derived CBN analogs (chemical look-a-likes) with enhanced neuroprotective properties and potential for therapeutic application in neurological disorders like Alzheimer's, Parkinson's, and traumatic brain injury. Their findings reveal novel aspects of CBN's neuroprotective activity and demonstrate the clinical potential of CBN and value of studying its analogs.

      

      
        First evidence of human occupation in lava tube cave in Saudi Arabia
        New research has highlighted an area in Arabia that once acted as a key point for cultural exchanges and trades amongst ancient people -- and it all took place in vast caves and lava tubes that have remained largely untapped reservoirs of archaeological abundance in Arabia. Through meticulous excavation and analysis, the international team uncovered a wealth of evidence at Umm Jirsan, spanning from the Neolithic to the Chalcolithic/Bronze Age periods (~10,000-3,500 years ago).

      

      
        New data identifies trends in accidental opioid overdoses in children
        The US saw a 22% decline in rates of prescription-opioid overdose related emergency department (ED) visits in children 17 and younger between 2008 and 2019, but an uptick in the early part of the COVID-19 pandemic, according to a new study. The authors also note that rates of pediatric opioid overdoses remain high in many populations.

      

      
        Paleontologists unearth what may be the largest known marine reptile
        The fossilized remains of a second gigantic jawbone measuring more than two meters long has been found on a beach in Somerset, UK.

      

      
        New class of antimicrobials discovered in soil bacteria
        Researchers have discovered toxic protein particles, shaped like umbrellas, that soil bacteria known as Streptomyces secrete to squelch competitors in their crowded microbial communities, especially others of their own species. What makes these newly detected antibacterial toxins different is that, unlike the Streptomyces' small-molecule antibiotics, umbrella toxins are large complexes composed of multiple proteins. They are also far more specific in the bacteria they target. They tend to go afte...

      

      
        38 trillion dollars in damages each year: World economy already committed to income reduction of 19 % due to climate change
        Even if CO2 emissions were to be drastically cut down starting today, the world economy is already committed to an income reduction of 19% until 2050 due to climate change, a new study finds. These damages are six times larger than the mitigation costs needed to limit global warming to two degrees. Based on empirical data from more than 1,600 regions worldwide over the past 40 years, scientists assessed future impacts of changing climatic conditions on economic growth and their persistence.

      

      
        Understanding climate warming impacts on carbon release from the tundra
        The warming climate shifts the dynamics of tundra environments and makes them release trapped carbon, according to a new study published in Nature. These changes could transform tundras from carbon sinks into a carbon source, exacerbating the effects of climate change.

      

      
        Workings of working memory detailed
        Investigators have discovered how brain cells responsible for working memory -- the type required to remember a phone number long enough to dial it -- coordinate intentional focus and short-term storage of information.

      

      
        Substantial global cost of climate inaction
        Pioneering study reveals that limiting global warming to 1.5 degrees Celsius could reduce the global economic costs of climate change by two thirds. If warming continues to 3 degrees Celsius, global GDP will decrease by up to 10 percent -- with the worst impacts in less developed countries.

      

      
        'Tube map' around planets and moons made possible by knot theory
        Scientists have developed a new method using knot theory to find the optimal routes for future space missions without the need to waste fuel.

      

      
        Spintronics: A new path to room temperature swirling spin textures
        In some materials, spins form complex magnetic structures within the nanometer and micrometer scale in which the magnetization direction twists and curls along specific directions. Examples of such structures are magnetic bubbles, skyrmions, and magnetic vortices. Spintronics aims to make use of such tiny magnetic structures to store data or perform logic operations with very low power consumption, compared to today's dominant microelectronic components. However, the generation and stabilization ...

      

      
        Dog attacks on mountain tapirs highlight a growing threat to endangered wildlife
        Researchers who captured footage of dog attacks on endangered mountain tapirs in Colombia are calling for action to protect threatened wildlife.

      

      
        Adults with congenital heart disease faced higher risk of abnormal heart rhythms
        Adults with congenital heart defects were more likely to experience an abnormal, irregular heartbeat, finds a new study.

      

      
        A better view with new mid-infrared nanoscopy
        A team has constructed an improved mid-infrared microscope, enabling them to see the structures inside living bacteria at the nanometer scale. Mid-infrared microscopy is typically limited by its low resolution, especially when compared to other microscopy techniques. This latest development produced images at 120 nanometers, which the researchers say is a thirtyfold improvement on the resolution of typical mid-infrared microscopes. Being able to view samples more clearly at this smaller scale can...

      

      
        Interspecies competition led to even more forms of ancient human -- defying evolutionary trends in vertebrates
        Competition between species played a major role in the rise and fall of hominins -- and produced a 'bizarre' evolutionary pattern for the Homo lineage -- according to a new study that revises the start and end dates for many of our early ancestors.

      

      
        AI speeds up drug design for Parkinson's by ten-fold
        Researchers have used artificial intelligence techniques to massively accelerate the search for Parkinson's disease treatments. The researchers designed and used an AI-based strategy to identify compounds that block the clumping, or aggregation, of alpha-synuclein, the protein that characterises Parkinson's.

      

      
        E-tongue can detect white wine spoilage before humans can
        While the electronic tongue bears little physical resemblance to its namesake, the strand-like sensory probes of the 'e-tongue' still outperformed human senses when detecting contaminated wine in a recent study. In a recent experiment, the e-tongue identified signs of microorganisms in white wine within a week after contamination -- four weeks before a human panel noticed the change in aroma. This was also before those microbes could be grown from the wine in a petri-dish. Winemakers traditionall...

      

      
        Unique field study shows how climate change affects fire-impacted forests
        During the unusually dry year of 2018, Sweden was hit by numerous forest fires. A research team has investigated how climate change affects recently burnt boreal forests and their ability to absorb carbon dioxide.

      

      
        Paradox of extreme cold events in a warming world
        The Warm Arctic-Cold Continent (WACC) phenomenon is the puzzling combination of Arctic warming and extreme coldness in specific mid-latitude regions. However, the progression of WACC events remains unclear amidst global warming. Scientists have now predicted a sharp decline in the WACC phenomenon post-2030s, affecting extreme weather events. These findings offer critical insights for communities, scientists, and policymakers to refine climate models and strategies and battle climate change.

      

      
        Study finds iron-rich enamel protects, but doesn't color, rodents' orange-brown incisors
        Chattering squirrels, charming coypus, and tail-slapping beavers -- along with some other rodents -- have orange-brown front teeth. Researchers have produced high-resolution images of rodent incisors, providing an atomic-level view of the teeth's ingenious enamel and its coating. They discovered tiny pockets of iron-rich materials in the enamel that form a protective shield for the teeth but, importantly, don't contribute to the orange-brown hue -- new insights that could improve human dentistry.

      

      
        Copper beads in pig feed reshape swine gut microbiome
        Copper is a natural antimicrobial material that, when added to pig feed, may promote the growth and health of the animals. Since pigs can tolerate high levels of the metal, researchers recently investigated whether copper might be used to promote their gut health and reduce the shedding of microbes to the environment.

      

      
        Tracking a protein's fleeting shape changes
        Researchers have developed a powerful, new technique to generate 'movies' of changing protein structures and speeds of up to 50 frames per second.

      

      
        Research explores how a father's diet could shape the health of his offspring
        A mice study suggests a father's diet may shape the anxiety of his sons and the metabolic health of his daughters before they are even conceived.

      

      
        Novel robotic training program reduces physician errors placing central lines
        More than five million central lines are placed in patients who need prolonged drug delivery, such as those undergoing cancer treatments, in the United States every year, yet the common procedure can lead to a bevy of complications in almost a million of those cases. Researchers developed a robotic simulation training program to provide trainee physicians with more practice on the procedure. A year after deploying the program the team found that all complication types -- mechanical issues, infect...

      

      
        Two-dimensional nanomaterial sets record for expert-defying, counter-intuitive expansion
        Engineers have developed a record-setting nanomaterial which when stretched in one direction, expands perpendicular to the applied force.

      

      
        Making crops colorful for easier weeding
        To make weeding easier, scientists suggest bioengineering crops to be colorful or to have differently shaped leaves so that they can be more easily distinguished from their wild and weedy counterparts. This could involve altering the crops' genomes so that they express pigments that are already produced by many plants, for example, anthocyanins, which make blueberries blue, or carotenoids, which make carrots orange. Then, they say, weeding robots could be trained to remove only the weeds using ma...

      

      
        Storks fly with a little help from their friends
        All storks choose to migrate with conspecifics, but young storks rely more on social influences than adults do.

      

      
        Researchers uncover human DNA repair by nuclear metamorphosis
        Researchers have discovered a DNA repair mechanism that advances understanding of how human cells stay healthy, and which could lead to new treatments for cancer and premature aging.

      

      
        Coral reef microbes point to new way to assess ecosystem health
        A new study shows that ocean acidification is changing the mix of microbes in coral reef systems, which can be used to assess ecosystem health.

      

      
        Researchers discover urine-based test to detect head and neck cancer
        Researchers have created a urine-based test that detects pieces of DNA fragments released by head and neck tumors. The test could potentially facilitate early detection of this cancer type, which currently does not have a reliable screening method.

      

      
        Reproductive success improves after a single generation in the wild for descendants of some hatchery-origin Chinook salmon
        Researchers who created 'family trees' for nearly 10,000 fish found that first-generation, wild-born descendants of hatchery-origin Chinook salmon in an Oregon river show improved fitness.

      

      
        Researchers shine light on rapid changes in Arctic and boreal ecosystems
        Arctic and boreal latitudes are warming faster than any other region on Earth.

      

      
        'Nanostitches' enable lighter and tougher composite materials
        In an approach they call 'nanostitching,' engineers used carbon nanotubes to prevent cracking in multilayered composites. The advance could lead to next-generation airplanes and spacecraft.

      

      
        Trash to treasure -- researchers turn metal waste into catalyst for hydrogen
        Scientists have found a way to transform metal waste into a highly efficient catalyst to make hydrogen from water, a discovery that could make hydrogen production more sustainable.

      

      
        Nanoparticle delivery of FZD4 to lung endothelial cells inhibits lung cancer progression and metastases
        A recent breakthrough study has shown potential to improve therapeutic outcomes for patients suffering from lung cancers.

      

      
        CO2 worsens wildfires by helping plants grow
        By fueling the growth of plants that become kindling, carbon dioxide is driving an increase in the severity and frequency of wildfires, according to a new study.

      

      
        Huge database gives insight into salmon patterns at sea
        A massive new analysis of high seas salmon surveys is enhancing the understanding of salmon ecology, adding details about where various species congregate in the North Pacific Ocean and their different temperature tolerances. The project integrates numerous international salmon studies from the North Pacific dating back to the 1950s.

      

      
        Following cellular lineage
        Researchers have advanced the understanding of how the cerebral cortex develops by tracing the lineage of certain brain cells.

      

      
        Gender stereotypes in schools impact on girls and boys with mental health difficulties, study finds
        Gender stereotypes mean that girls can be celebrated for their emotional openness and maturity in school, while boys are seen as likely to mask their emotional distress through silence or disruptive behaviors, according to a recent study.

      

      
        Real-time detection of infectious disease viruses by searching for molecular fingerprinting
        Researchers develop breakthrough technology for wide-ranging and ultra-sensitive active nano-spectral sensor, surpassing current limitations.

      

      
        New treatment method using plasma irradiation promotes faster bone healing
        Aiming to shorten fracture recovery times, a research group is focusing on plasma irradiation as a treatment method to speed up bone healing.

      

      
        Older males out-compete young males outside breeding pairs, bird study shows
        Young male blue tits are less successful in fathering offspring outside their breeding pair, not because of a lack of experience, but because they are outcompeted by older males, researchers report.

      

      
        Fires pose growing worldwide threat to wildland-urban interface
        Fires that devastate wildland-urban interface areas are becoming more common around the globe, a trend that is likely to continue for at least the next two decades, new research finds. Such fires are especially dangerous, both because they imperil large numbers of people and because they emit far more toxins than forest and grassland fires.

      

      
        New tagging method provides bioadhesive interface for marine sensors on diverse, soft, and fragile species
        Tagging marine animals with sensors to track their movements and ocean conditions can provide important environmental and behavioral information. Existing techniques to attach sensors currently largely rely on invasive physical anchors, suction cups, and rigid glues. While these techniques can be effective for tracking marine animals with hard exoskeletons and large animals such as sharks, individuals can incur physiological and metabolic stress during the tagging process, which can affect the qu...

      

      
        Cooler transformers could help electric grid
        Simulations on the Stampede2 supercomputer of the Texas Advanced Computing Center (TACC) are helping scientists engineer solutions to overheating of grid transformers -- a critical component of the electric grid.

      

      
        No gamma rays seen coming from nearby supernova
        A nearby supernova in 2023 offered astrophysicists an excellent opportunity to test ideas about how these types of explosions boost particles, called cosmic rays, to near light-speed. But surprisingly, NASA's Fermi Gamma-ray Space Telescope detected none of the high-energy gamma-ray light those particles should produce.

      

      
        Neutrons rule the roost for cage-free lithium ions
        Scientists using neutrons set the first benchmark (one nanosecond) for a polymer-electrolyte and lithium-salt mixture. Findings could boost power and safety for lithium batteries.

      

      
        Common HIV treatments may aid Alzheimer's disease patients
        Scientists have identified promising real-world links between common HIV drugs and a reduced incidence of Alzheimer's disease.

      

      
        Plastic pollution can kill variety of ocean embryos
        High levels of plastic pollution can kill the embryos of a wide range of ocean animals, new research shows.
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Study identifies new metric for diagnosing autism | ScienceDaily
Autism spectrum disorder has yet to be linked to a single cause, due to the wide range of its symptoms and severity. However, a study by University of Virginia researchers suggests a promising new approach to finding answers, one that could lead to advances in the study of other neurological conditions.


						
Current approaches to autism research involve observing and understanding the disorder through the study of its behavioral consequences, using techniques like functional magnetic resonance imaging that map the brain's responses to input and activity, but little work has been done to understand what's causing those responses.

However, researchers with UVA's College and Graduate School of Arts & Sciences have been able to better understand the physiological differences between the brain structures of autistic and non-autistic individuals through the use of Diffusion MRI, a technique that measures molecular diffusion in biological tissue, to observe how water moves throughout the brain and interacts with cellular membranes. The approach has helped the UVA team develop mathematical models of brain microstructures that have helped identify structural differences in the brains of those with autism and those without.

"It hasn't been well understood what those differences might be," said Benjamin Newman, a postdoctoral researcher with UVA's Department of Psychology, recent graduate of UVA School of Medicine's neuroscience graduate program and lead author of a paper published this month in PLOS: One. "This new approach looks at the neuronal differences contributing to the etiology of autism spectrum disorder."

Building on the work of Alan Hodgkin and Andrew Huxley, who won the 1963 Nobel Prize in Medicine for describing the electrochemical conductivity characteristics of neurons, Newman and his co-authors applied those concepts to understand how that conductivity differs in those with autism and those without, using the latest neuroimaging data and computational methodologies. The result is a first-of-its-kind approach to calculating the conductivity of neural axons and their capacity to carry information through the brain. The study also offers evidence that those microstructural differences are directly related to participants' scores on the Social Communication Questionnaire, a common clinical tool for diagnosing autism.

"What we're seeing is that there's a difference in the diameter of the microstructural components in the brains of autistic people that can cause them to conduct electricity slower," Newman said. "It's the structure that constrains how the function of the brain works."

One of Newman's co-authors, John Darrell Van Horn, a professor of psychology and data science at UVA, said, that so often we try to understand autism through a collection of behavioral patterns which might be unusual or seem different.




"But understanding those behaviors can be a bit subjective, depending on who's doing the observing," Van Horn said. "We need greater fidelity in terms of the physiological metrics that we have so that we can better understand where those behaviors coming from. This is the first time this kind of metric has been applied in a clinical population, and it sheds some interesting light on the origins of ASD."

Van Horn said there's been a lot of work done with functional magnetic resonance imaging, looking at blood oxygen related signal changes in autistic individuals, but this research, he said "Goes a little bit deeper."

"It's asking not if there's a particular cognitive functional activation difference; it's asking how the brain actually conducts information around itself through these dynamic networks," Van Horn said. "And I think that we've been successful showing that there's something that's uniquely different about autistic-spectrum-disorder-diagnosed individuals relative to otherwise typically developing control subjects."

Newman and Van Horn, along with co-authors Jason Druzgal and Kevin Pelphrey from the UVA School of Medicine, are affiliated with the National Institute of Health's Autism Center of Excellence (ACE), an initiative that supports large-scale multidisciplinary and multi-institutional studies on ASD with the aim of determining the disorder's causes and potential treatments.

According to Pelphrey, a neuroscientist and expert on brain development and the study's principal investigator, the overarching aim of the ACE project is to lead the way in developing a precision medicine approach to autism.

"This study provides the foundation for a biological target to measure treatment response and allows us to identify avenues for future treatments to be developed," he said.

Van Horn added that study may also have implications for the examination, diagnosis, and treatment of other neurological disorders like Parkinson's and Alzheimer's.

"This is a new tool for measuring the properties of neurons which we are particularly excited about. We are still exploring what we might be able to detect with it," Van Horn said.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240417182844.htm
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Protecting brain cells with cannabinol | ScienceDaily
One in every 10 individuals above the age of 65 develops an age-related neurological disorder like Alzheimer's or Parkinson's, yet treatment options remain sparse for this population. Scientists have begun exploring whether cannabinoids -- compounds derived from the cannabis plant, like well-known THC (tetrahydrocannabinol) and CBD (cannabidiol) -- may offer a solution. A third, lesser-known cannabinoid called CBN (cannabinol) has recently piqued the interest of researchers, who have begun exploring the clinical potential of the milder, less psychoactive substance.


						
In a new study, scientists at the Salk Institute help explain how CBN protects the brain against aging and neurodegeneration, then use their findings to develop potential therapeutics. The researchers created four CBN-inspired compounds that were more neuroprotective than the standard CBN molecule -- one of which was highly effective in treating traumatic brain injury in a Drosophila fruit fly model.

The findings, published in Redox Biologyon March 29, 2024, suggest promise for CBN in treating neurological disorders like traumatic brain injury, Alzheimer's disease, and Parkinson's disease, and also highlight how further studies of CBN's effects on the brain could inspire the development of new therapies for clinical use.

"Not only does CBN have neuroprotective properties, but its derivatives have the potential to become novel therapeutics for various neurological disorders," says Research Professor Pamela Maher, senior author of the study. "We were able to pinpoint the active groups in CBN that are doing that neuroprotection, then improve them to create derivative compounds that have greater neuroprotective ability and drug-like efficacy."

Many neurological disorders involve the death of brain cells called neurons, due to the dysfunction of their power-generating mitochondria. CBN achieves its neuroprotective effect by preventing this mitochondrial dysfunction -- but how exactly CBN does this, and whether scientists can improve CBN's neuroprotective abilities, has remained unclear.

The Salk team previously found that CBN was modulating multiple features of mitochondrial function to protect neurons against a form of cell death called oxytosis/ferroptosis. After uncovering this mechanism of CBN's neuroprotective activity, they began applying both academic and industrial drug discovery methods to further characterize and attempt to improve that activity.

First, they broke CBN into small fragments and observed which of those fragments were the most effective neuroprotectors by chemically analyzing the fragment's properties. Second, they designed and constructed four novel CBN analogs -- chemical look-alikes -- in which those fragments were amplified, then moved them on to drug screening.




"We were looking for CBN analogs that could get into the brain more efficiently, act more quickly, and produce a stronger neuroprotective effect than CBN itself," says Zhibin Liang, first author and postdoctoral researcher in Maher's lab. "The four CBN analogs we landed on had improved medicinal chemical properties, which was exciting and really important to our goal of using them as therapeutics."

To test the chemical medicinal properties of the four CBN analogs, the team applied them to mouse and human nerve cell cultures. When they initiated oxytosis/ferroptosis in three different ways, they found that each of the four analogs 1) were able to protect the cells from dying, and 2) had similar neuroprotective abilities compared to regular CBN.

The successful analogs were then put to the test in a Drosophila fruit fly model of traumatic brain injury. One of the analogs, CP1, was especially effective in treating traumatic brain injury -- producing the highest survival rate after condition onset.

"Our findings help demonstrate the therapeutic potential of CBN, as well as the scientific opportunity we have to replicate and refine its drug-like properties," says Maher. "Could we one day give this CBN analog to football players the day before a big game, or to car accident survivors as they arrive in the hospital? We're excited to see how effective these compounds might be in protecting the brain from further damage."

In the future, the researchers will continue to screen and characterize these CBN analogs and refine their chemical designs. They will also begin looking more closely at age-related neurodegeneration and changes in brain cells, particularly in mitochondria, asking how we can better suit these drug-like compounds to promote cellular health and prevent neuronal dysfunction with age.

Other authors include David Soriano-Castell and Wolfgang Fischer of Salk; and Alec Candib and Kim Finley of the Shiley Bioscience Center at San Diego State University.

The work was supported by the Paul F. Glenn Center for Biology of Aging Research at the Salk Institute, the Bundy Foundation, the Shiley Foundation, the National Institutes of Health (R01AG067331, R21AG064287, R01AG069206, RF1AG061296, R21AG067334, NCI CCSG P30CA01495, NlA P30AG068635, S10OD021815), and the Helmsley Center for Genomic Medicine.
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First evidence of human occupation in lava tube cave in Saudi Arabia | ScienceDaily
Recent strides in interdisciplinary archaeological research in Arabia have unveiled new insights into the evolution and historical development of regional human populations, as well as the dynamic patterns of cultural change, migration, and adaptation to environmental fluctuations.


						
Despite the challenges posed by limited preservation of archaeological assemblages and organic remains in arid environments, these discoveries are reshaping our understanding of the region's rich cultural heritage.

One such breakthrough led by Griffith University's Australian Research Centre for Human Evolution (ARCHE), in collaboration with international partners, comes from the exploration of underground settings, including caves and lava tubes, which have remained largely untapped reservoirs of archaeological abundance in Arabia.

Through meticulous excavation and analysis, researchers have uncovered a wealth of evidence at Umm Jirsan, spanning from the Neolithic to the Chalcolithic/Bronze Age periods (~10,000-3,500 years ago).

"Our findings at Umm Jirsan provide a rare glimpse into the lives of ancient peoples in Arabia, revealing repeated phases of human occupation and shedding light on the pastoralist activities that once thrived in this landscape," said Dr Mathew Stewart, the lead researcher and a Research Fellow at ARCHE.

"This site likely served as a crucial waypoint along pastoral routes, linking key oases and facilitating cultural exchange and trade."

Rock art and faunal records attest to the pastoralist use of the lava tube and surrounding areas, painting a vivid picture of ancient lifeways.




Depictions of cattle, sheep, goat and dogs corroborate the prehistoric livestock practices and herd composition of the region.

Isotopic analysis of animal remains indicates that livestock primarily grazed on wild grasses and shrubs, while humans maintained a diet rich in protein, with a notable increase in the consumption of C3 plants over time, suggesting the emergence of oasis agriculture.

"While underground localities are globally significant in archaeology and Quaternary science, our research represents the first comprehensive study of its kind in Saudi Arabia," added Professor Michael Petraglia, Director of ARCHE.

"These findings underscore the immense potential for interdisciplinary investigations in caves and lava tubes, offering a unique window into Arabia's ancient past."

The research at Umm Jirsan underscores the importance of collaborative, multidisciplinary approaches to archaeological inquiry and highlights the significance of Arabia's archaeological heritage on the global stage.

Researchers involved in this study work in close partnership with the Heritage Commission, Saudi Ministry of Culture, and the Saudi Geological Survey. Additional partners include King Saud University and key institutions in the UK, the USA, and Germany.
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New data identifies trends in accidental opioid overdoses in children | ScienceDaily
The US saw a 22% decline in rates of prescription-opioid overdose related emergency department (ED) visits in children 17 and younger between 2008 and 2019, but an uptick in the early part of the COVID-19 pandemic, according to a new study published this week in the open-access journal PLOS ONE by Henry Xiang of Nationwide Children's Hospital, US, and colleagues. The authors also note that rates of pediatric opioid overdoses remain high in many populations.


						
Opioid overdose has been declared a public health emergency in the United States but much of the focus has been on adults. In the new study, researchers analyzed overdoses in children by using data spanning 2008 to 2020 from the Nationwide Emergency Department Sample, which provides anonymized information on emergency department (ED) visits across the country.

Overall, prescription-opioid overdose ED visits for patients from 0-17 years old decreased by 22% from 2008 to 2019, and then increased by 12% in 2020. That overall increase could be mostly attributed to an increase in overdoses among males, children aged 12 to 17, and those in the West and Midwest. Across all time spans, the highest rates of overdoses were seen in ages 0 to 1 and ages 12 to 17, among females, and in urban teaching hospital EDs.

The authors conclude that efforts to reduce opioid overdoses should include increased focus on young children and adolescents and note that further studies could investigate the impact of the later years of the COVID-19 pandemic on the opioid epidemic.

The authors add: "Overall, prescription opioid overdose ED visits of US children had a decreasing trend during the past decade, suggesting the effectiveness of a variety of interventions and campaigns. However, 0-1 years and 12-17-year-olds still face a significant risk of prescription opioid overdose."
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Paleontologists unearth what may be the largest known marine reptile | ScienceDaily
The fossilised remains of a second gigantic jawbone measuring more than two metres long has been found on a beach in Somerset, UK.


						
Experts have identified the bones as belonging to the jaws of a new species of enormous ichthyosaur, a type of prehistoric marine reptile. Estimates suggest the oceanic titan would have been more than 25 metres long.

Father and daughter, Justin and Ruby Reynolds from Braunton, Devon, found the first pieces of the second jawbone to be found in May 2020, while searching for fossils on the beach at Blue Anchor, Somerset. Ruby, then aged 11, found the first chunk of giant bone before searching together for additional pieces.

Realising they had discovered something significant, they contacted leading ichthyosaur expert, Dr Dean Lomax, a palaeontologist at The University of Manchester. Dr Lomax, who is also a 1851 Research Fellow at the University of Bristol, contacted Paul de la Salle, a seasoned fossil collector who had found the first giant jawbone in May 2016 from further along the coast at Lilstock.

Dr Dean Lomax said: "I was amazed by the find. In 2018, my team (including Paul de la Salle) studied and described Paul's giant jawbone and we had hoped that one day another would come to light. This new specimen is more complete, better preserved, and shows that we now have two of these giant bones -- called a surangular -- that have a unique shape and structure. I became very excited, to say the least."

Justin and Ruby, together with Paul, Dr Lomax, and several family members, visited the site to hunt for more pieces of this rare discovery. Over time, the team found additional pieces of the same jaw which fit together perfectly, like a multimillion-year-old jigsaw.

Justin said: "When Ruby and I found the first two pieces we were very excited as we realised that this was something important and unusual. When I found the back part of the jaw, I was thrilled because that is one of the defining parts of Paul's earlier discovery."

The last piece of bone was recovered in October 2022.




The research team, led by Dr Lomax, revealed that the jaw bones belong to a new species of giant ichthyosaur that would have been about the size of a blue whale. Comparing the two examples of the same bone with the same unique features from the same geologic time zone supports their identifications.

The team have called the new genus and species Ichthyotitan severnensis, meaning "giant fish lizard of the Severn."

The bones are around 202 million years old, dating to the end of the Triassic Period in a time known as the Rhaetian. During this time, the gigantic ichthyosaurs swam the seas while the dinosaurs walked on land. It was the titans' final chapter, however -- as the story told in the rocks above these fossils record a cataclysm known as the Late Triassic global mass extinction event. After this time, giant ichthyosaurs from the family known as Shastasauridae go extinct. Today, these bones represent the very last of their kind.

Ichthyotitan is not the world's first giant ichthyosaur, but de la Salles' and Reynolds' discoveries are unique among those known to science. These two bones appear roughly 13 million years after their latest geologic relatives, including Shonisaurus sikanniensis from British Columbia, Canada, and Himalayasaurus tibetensis from Tibet, China.

Dr Lomax added: "I was highly impressed that Ruby and Justin correctly identified the discovery as another enormous jawbone from an ichthyosaur. They recognised that it matched the one we described in 2018. I asked them whether they would like to join my team to study and describe this fossil, including naming it. They jumped at the chance. For Ruby, especially, she is now a published scientist who not only found but also helped to name a type of gigantic prehistoric reptile. There are probably not many 15-year-olds who can say that! A Mary Anning in the making, perhaps."

Ruby said: "It was so cool to discover part of this gigantic ichthyosaur. I am very proud to have played a part in a scientific discovery like this."

Further examinations of the bones' internal structures have been carried out by master's student, Marcello Perillo, from the University of Bonn, Germany. His work confirmed the ichthyosaur origin of the bones and revealed that the animal was still growing at the time of death.




He said: "We could confirm the unique set of histological characters typical of giant ichthyosaur lower jaws: the anomalous periosteal growth of these bones hints at yet to be understood bone developmental strategies, now lost in the deep time, that likely allowed late Triassic ichthyosaurs to reach the known biological limits of vertebrates in terms of size. So much about these giants is still shrouded by mystery, but one fossil at a time we will be able to unravel their secret."

Concluding the work, Paul de la Salle added: "To think that my discovery in 2016 would spark so much interest in these enormous creatures fills me with joy. When I found the first jawbone, I knew it was something special. To have a second that confirms our findings is incredible. I am overjoyed."

The new research has been published today in the open access journal PLOS ONE.

Ruby, Justin and Paul's discoveries will soon go on display at the Bristol Museum and Art Gallery.

Lomax said: "This research has been ongoing for almost eight years. It is quite remarkable to think that gigantic, blue whale-sized ichthyosaurs were swimming in the oceans around what was the UK during the Triassic Period. These jawbones provide tantalising evidence that perhaps one day a complete skull or skeleton of one of these giants might be found. You never know."
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New class of antimicrobials discovered in soil bacteria | ScienceDaily
Researchers have discovered toxic protein particles, shaped like umbrellas, that soil bacteria known as Streptomyces secrete to squelch competitors, especially others of their own species.


						
The discovery of the umbrella toxin particles and related information about their structures, composition and mode of action were published April 17 in Nature.

The umbrella toxin proteins are the latest example of these bacteria's varied, combative strikes on their microscopic rivals. The crowded, diverse bacteria communities in which they live are a melee of antimicrobial attacks, counterattacks and defenses.

Ironically, many clinically used antibiotics are derived directly from, or are inspired by, molecules that bacteria use against each other in their natural habitat. Streptomyces' chemical weaponry against their competitors is one of the richest sources of such molecules. Among them is the common, broad-spectrum drug streptomycin.

What makes these newly detected antibacterial toxins different is that, unlike the Streptomyces' small-molecule antibiotics, umbrella toxins are large complexes composed of multiple proteins. They are also far more specific in the bacteria they target.

The authors of the Nature paper speculate that these properties of umbrella toxins explain why they escaped discovery for more than 100 years of research on toxins produced by Streptomyces.

Genes encoding umbrella toxins were originally uncovered through a bioinformatics search for new bacterial toxins. In biochemical and genetic experiments led by Qinqin Zhao in Joseph Mougous' microbiology lab at the University of Washington School of Medicine, the scientists learned that these toxins associate with other proteins in a large complex.




Cryo-electron microscopy of these protein complexes was performed by Young Park in the laboratory of David Veesler, professor of biochemistry at the UW School of Medicine and an investigator of the Howard Hughes Medical Institute.

These studies revealed that the toxin complexes Qinqin isolated adopt a striking appearance befitting their discovery in Seattle. They look like umbrellas.

"The shape of these particles is quite peculiar, and it will be interesting in future work to learn how their unusual morphology helps them eliminate target bacteria," noted Mougous, a professor of microbiology at the UW School of Medicine and a Howard Hughes Medical Institute investigator.

The scientists then sought to determine the targets of these toxins by screening their effects on every organism they could conceivably target, from fungi to 140 different bacteria, including some taken from sorghum plants in the lab of study author Devin Coleman at the University of California-Berkeley and the U.S. Department of Agriculture Agricultural Research Service. .

Among these potential adversaries, the toxins specifically targeted their own brethren: other Streptomyces species.

"We think this exquisite specificity may be due to the proteins that make up the spokes of the umbrella, which vary across the particles. These include proteins that might latch onto specific sugars found on the surface of competitor bacteria," commented study author S. Brook Peterson, a senior scientist in the Mougous lab.

By analyzing the thousands of publicly available bacterial genomes, study authors Dapeng Zhang of St. Louis University and his graduate student Youngjun Tan found that many other species of bacteria also have the genes to manufacture umbrella particle toxins. Interestingly, these species all form branching filaments, an unusual mode of growth among bacteria.

In addition to the many questions remaining to be answered about the basic biology of umbrella toxin particles, Mougous and his colleagues are intrigued by their potential clinical applications.

They suspect that the bacteria that cause tuberculosis and diphtheria may be sensitive to umbrella toxins. They note these same bacteria have become resistant to traditional antibiotics. Umbrella toxin particles might be worth exploring, the scientists suggested, for their potential to subdue these serious disease-causing bacteria.
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38 trillion dollars in damages each year: World economy already committed to income reduction of 19 % due to climate change | ScienceDaily

"Strong income reductions are projected for the majority of regions, including North America and Europe, with South Asia and Africa being most strongly affected. These are caused by the impact of climate change on various aspects that are relevant for economic growth such as agricultural yields, labour productivity or infrastructure," says PIK scientist and first author of the study Maximilian Kotz. Overall, global annual damages are estimated to be at 38 trillion dollars, with a likely range of 19-59 trillion dollars in 2050. These damages mainly result from rising temperatures but also from changes in rainfall and temperature variability. Accounting for other weather extremes such as storms or wildfires could further raise them.

Huge economic costs also for the United States and European Union 

"Our analysis shows that climate change will cause massive economic damages within the next 25 years in almost all countries around the world, also in highly-developed ones such as Germany, France and the United States," says PIK scientist Leonie Wenz who led the study. "These near-term damages are a result of our past emissions. We will need more adaptation efforts if we want to avoid at least some of them. And we have to cut down our emissions drastically and immediately -- if not, economic losses will become even bigger in the second half of the century, amounting to up to 60% on global average by 2100. This clearly shows that protecting our climate is much cheaper than not doing so, and that is without even considering non-economic impacts such as loss of life or biodiversity."

To date, global projections of economic damages caused by climate change typically focus on national impacts from average annual temperatures over long-time horizons. By including the latest empirical findings from climate impacts on economic growth in more than 1,600 subnational regions worldwide over the past 40 years and by focusing on the next 26 years, the researchers were able to project sub-national damages from temperature and rainfall changes in great detail across time and space all the while reducing the large uncertainties associated with long-term projections. The scientists combined empirical models with state-of-the-art climate simulations (CMIP-6). Importantly, they also assessed how persistently climate impacts have affected the economy in the past and took this into account as well.

Countries least responsible will suffer most

"Our study highlights the considerable inequity of climate impacts: We find damages almost everywhere, but countries in the tropics will suffer the most because they are already warmer. Further temperature increases will therefore be most harmful there. The countries least responsible for climate change, are predicted to suffer income loss that is 60% greater than the higher-income countries and 40% greater than higher-emission countries. They are also the ones with the least resources to adapt to its impacts. It is on us to decide: structural change towards a renewable energy system is needed for our security and will save us money. Staying on the path we are currently on, will lead to catastrophic consequences. The temperature of the planet can only be stabilized if we stop burning oil, gas and coal," says Anders Levermann, Head of Research Department Complexity Science at the Potsdam Institute and co-author of the study.
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Understanding climate warming impacts on carbon release from the tundra | ScienceDaily
The warming climate shifts the dynamics of tundra environments and makes them release trapped carbon, according to a new study published in Nature. These changes could transform tundras from carbon sinks into a carbon source, exacerbating the effects of climate change.


						
A team of over 70 scientists from different countries used so called open-top chambers (OTCs) to experimentally simulate the effects of warming on 28 tundra sites around the world. OTCs basically serve as mini-greenhouses, blocking wind and trapping heat to create local warming.

The warming experiments led to a 1.4 degrees Celsius increase in air temperature and a 0.4 degrees increase in soil temperature, along with a 1.6 percent drop in soil moisture. These changes boosted ecosystem respiration by 30 percent during the growing season, causing more carbon to be released because of increased metabolic activity in soil and plants. The changes persisted for at least 25 years after the start of the experimental warming -- which earlier studies hadn't revealed.

"We knew from earlier studies that we were likely to find an increase in respiration with warming, but we found a remarkable increase -- nearly four times greater than previously estimated, though it varied with time and location," says Sybryn Maes of Umea University, the study's lead author.

The increase in ecosystem respiration also varied with local soil conditions, such as nitrogen and pH levels. This means that differences in soil conditions and other factors lead to geographic differences in the response -- some regions will see more carbon release than others. Understanding the links between soil conditions and respiration in response to warming is important for creating better climate models.

"Our work represents the first assessment of ecosystem respiration response to experimental warming across such a broad environmental gradient in the tundra, incorporating a comprehensive set of environmental drivers," says Associate Professor Ellen Dorrepaal of Umea University.

The study also offers a broader perspective on Arctic and alpine regions by predicting increases in respiration across the whole tundra area together with more detailed information about variation in the sensitivity of the response.

"We see that some areas, particularly parts of Siberia and Canada, exhibit greater sensitivity to warming," says Professor Matti Kummu of Aalto University. "We anticipate an increase in respiration across the whole Arctic and alpine tundra, but more in situ data, particularly on the local soil conditions, is key to addressing the outstanding uncertainties and refining our predictions."

Understanding how ecosystems shift in response to climate change and how these changes feed back into the climate is vital to get an accurate picture of how our world will change. These findings serve as an important baseline for improved climate models, but the researchers plan to refine them further by analyzing how the experimental sites change over time and expand the experiment's scope to include new sites.
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Workings of working memory detailed | ScienceDaily
Cedars-Sinai investigators have discovered how brain cells responsible for working memory -- the type required to remember a phone number long enough to dial it -- coordinate intentional focus and short-term storage of information.


						
The study detailing their discovery was published in the peer-reviewed journal Nature.

"We have identified for the first time a group of neurons, influenced by two types of brain waves, that coordinate cognitive control and the storage of sensory information in working memory," said Jonathan Daume, PhD, a postdoctoral scholar in the Rutishauser Lab at Cedars-Sinai and first author of the study. "These neurons don't contain or store information, but are crucial to the storage of short-term memories."

Working memory, which requires the brain to store information for only seconds, is fragile and requires continued focus to be maintained, said Ueli Rutishauser, PhD, director of the Center for Neural Science and Medicine at Cedars-Sinai and senior author of the study. It can be affected by different diseases and conditions.

"In disorders such as Alzheimer's disease or attention-deficit hyperactivity disorder, it is often not memory storage, but rather the ability to focus on and retain a memory once it is formed that is the problem," said Rutishauser, who is a professor of Neurosurgery, Neurology and Biomedical Sciences at Cedars-Sinai. "We believe that understanding the control aspect of working memory will be fundamental for developing new treatments for these and other neurological conditions."

To explore how working memory functions, investigators recorded the brain activity of 36 hospitalized patients who had electrodes surgically implanted in their brains as part of a procedure to diagnose epilepsy. The team recorded the activity of individual brain cells and brain waves while the patients performed a task that required use of working memory.

On a computer screen, patients were shown either a single photo or a series of three photos of various people, animals, objects or landscapes. Next, the screen went blank for just under three seconds, requiring patients to remember the photos they just saw. They were then shown another photo and asked to decide whether it was the one (or one of the three) they had seen before.




When patients performing the working memory task were able to respond quickly and accurately, investigators noted the firing of two groups of neurons: "category" neurons that fire in response to one of the categories shown in the photos, such as animals, and "phase-amplitude coupling," or PAC, neurons.

PAC neurons, newly identified in this study, don't hold any content, but use a process called phase-amplitude coupling to ensure the category neurons focus and store the content they have acquired. PAC neurons fire in time with the brain's theta waves, which are associated with focus and control, as well as to gamma waves, which are linked to information processing. This allows them to coordinate their activity with category neurons, which also fire in time to the brain's gamma waves, enhancing patients' ability to recall information stored in working memory.

"Imagine when the patient sees a photo of a dog, their category neurons start firing 'dog, dog, dog' while the PAC neurons are firing 'focus/remember,'" Rutishauser said. "Through phase-amplitude coupling, the two groups of neurons create a harmony superimposing their messages, resulting in 'remember dog.' It is a situation where the whole is greater than the sum of its parts, like hearing the musicians in an orchestra play together. The conductor, much like the PAC neurons, coordinates the various players to act in harmony."

PAC neurons do this work in the hippocampus, a part of the brain that has long been known to be important for long-term memory. This study offers the first confirmation that the hippocampus also plays a role in controlling working memory, Rutishauser said.

This study was conducted as part of a multi-institutional consortium funded by the National Institutes of Health's Brain Research Through Advancing Innovative Neurotechnologies Initiative, or The BRAIN Initiative, and led by Cedars-Sinai. The data in this study is pooled across Cedars-Sinai, the University of Toronto, and the Johns Hopkins School of Medicine, resulting in a statistically powerful study that a single institution could not accumulate on its own given the difficulty of these experiments.

"One of the aims of the BRAIN Initiative is to uncover -- through the use of innovative technologies -- properties of the human brain that have so far been difficult, if not impossible, to study" said Dr. John Ngai, PhD, director of the NIH BRAIN Initiative. "Here, by leveraging unusual opportunities supported by the initiative to illuminate complex processes in humans, the Rutishauser Lab is shedding light on the way certain neurons support how memories are stored in the brain -- a process that is far from understood in devastating brain disorders such as Alzheimer's disease and other dementias."
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Substantial global cost of climate inaction | ScienceDaily
Traditionally, estimates of how climate change will affect global economies have focused on the effects of annual temperature changes. However, the additional impacts of variability and extremes in rainfall and temperature have remained largely unexplored, until now. Using projections from 33 global climate models, an international research team, led by Paul Waidelich at ETH Zurich, conducted a pioneering study, published in the journal, Nature Climate Change, to quantify such impacts on gross domestic product (GDP) across the globe.


						
Revealing the additional damage of global warming

The investigative study revealed a global GDP loss of up to 10 percent if the planet warms by +3oC. Importantly, accounting for variability and extremes increases the costs of climate change around the world. "If we take into account that warmer years also come with changes in rainfall and temperature variability, it turns out that the estimated impact of spiking temperatures is worse than previously thought," explains doctoral researcher and economist Paul Waidelich. "Therefore, omitting variability and extremes risks underestimating the damage of temperature changes."

The cost of climate inaction

Stringent climate action is critical to future economic growth. Limiting global warming to 1.5oC instead of 3oC can reduce global losses from climate change by two thirds. "Our results show that the cost of climate inaction is substantial," stresses ETH Zurich professor, Sonia Seneviratne, a co-author of the study and a Vice Chair of the Intergovernmental Panel on Climate Change's Working Group I. "Some people still say that the world cannot afford rapid decarbonization, but the global economy will also suffer from the impacts of climate change."

Global warming of 3oC also increases the risk of extreme rainfall worldwide, which reduces global GDP, on average, by 0.2 percent -- which, at the current size of the global economy, would equal US$ 200 billion. Much of these costs occur in the US and in China, which, unlike warmer tropical regions, are less used to extreme rainfall. However, among the extreme events considered, heatwaves are the most impactful. The study suggests that nearly half of the global economic damage at 3oC of global warming may be related to extreme heat. Fulden Batibeniz, a postdoctoral researcher at ETH Zurich and the University of Bern explains, "Higher temperatures may seem beneficial for colder countries like Canada, but as we saw in 2021, they also bring much more severe heatwaves, which harm the economy."

Socio-economic and climatic uncertainties

However, projecting the impacts of climate variability and extremes is complex, and substantial uncertainties remain. When answering the question, "How much will climate change cost?" The research team concedes that uncertainties are primarily socio-economic: how long the impacts persist and how well can society adapt. Yet, how rainfall and climate extremes will evolve need to be better understood. Since the study does not include non-economic impacts, droughts, sea-level rise, and climate tipping points, the authors argue that the total cost of climate change is likely considerably higher.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240417131103.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



'Tube map' around planets and moons made possible by knot theory | ScienceDaily
Just as sat-nav did away with the need to argue over the best route home, scientists from the University of Surrey have developed a new method to find the optimal routes for future space missions without the need to waste fuel.


						
The new method uses mathematics to reveal all possible routes from one orbit to another without guesswork or using enormous computer power.

Danny Owen, who developed the technique at the Surrey Space Centre, said:

"Previously, when the likes of NASA wanted to plot a route, their calculations relied on either brute force or guesswork.

"Our new technique neatly reveals all possible routes a spacecraft could take from A to B, as long as both orbits share a common energy level.

"This makes the task of planning missions much simpler. We think of it as a tube map for space."

In recent decades, space missions have increasingly relied on the ability to change the course of a satellite's path through space without using fuel.




One way of doing this is to find 'heteroclinic connections' -- the paths that allow spacecraft to transfer from one orbit to another without using fuel.

The mathematics for finding these paths is complex -- usually calculated by using vast computing power to churn through one option after another or by making an 'intelligent guess' and then investigating it further.

This new technique uses an area of maths called knot theory to quickly generate rough trajectories -- which can then be refined. By doing so, space agencies can gain a full list of all possible routes from a designated orbit. They can then choose the one that best suits their mission -- much as you might choose a route by studying the tube map.

The technique was tested successfully on various planetary systems -- including the Moon, and the Galilean moons of Jupiter. Both of these are the focus of current and future missions.

Dr Nicola Baresi, Lecturer in Orbital Mechanics at the University of Surrey, said:

"Spurred on by NASA's Artemis programme, the new Moon race is inspiring mission designers around the world to research fuel-efficient routes that can better and more efficiently explore the vicinity of the Moon.

"Not only does our technique make that cumbersome task more straightforward, but it can also be applied to other planetary systems, such as the icy moons of Saturn and Jupiter."
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Spintronics: A new path to room temperature swirling spin textures | ScienceDaily
In some materials, spins form complex magnetic structures within the nanometre and micrometre scale in which the magnetization direction twists and curls along specific directions. Examples of such structures are magnetic bubbles, skyrmions, and magnetic vortices. Spintronics aims to make use of such tiny magnetic structures to store data or perform logic operations with very low power consumption, compared to today's dominant microelectronic components. However, the generation and stabilization of most of these magnetic textures is restricted to a few materials and achievable under very specific conditions (temperature, magnetic field...).


						
A new approach

An international collaboration led by HZB physicist Dr Sergio Valencia has now investigated a new approach that can be used to create and stabilize complex spin textures, such as radial vortices, in a variety of compounds. In a radial vortex, the magnetization points towards or away from the center of the structure. This type of magnetic configuration is usually highly unstable. Within this novel approach radial vortices are created with the help of superconducting structures while their stabilization is achieved by the presence of surface defects.

Superconducting YBCO-islands

Samples consist of micrometer size islands made of the high-temperature superconductor YBCO on which a ferromagnetic compound is deposited. On cooling the sample below 92 Kelvin (-181 degC), YBCO enters the superconducting state. In this state, an external magnetic field is applied and immediately removed. This process allows the penetration and pinning of magnetic flux quanta, which in turn creates a magnetic stray field. It is this stray field which produces new magnetic microstructures in the overlying ferromagnetic layer: spins emanate radially from the structure centre, as in a radial vortex.

The role of defects

As the temperature is increased, YBCO transits from the superconducting to a normal state. So the stray field created by YBCO islands disappears, and so should the magnetic radial vortex. However HZB researchers and collaborators have observed that the presence of surface defects prevents this to happen: the radial vortices partially retain the imprinted state, even when approaching room temperature.




"We use the magnetic field generated by the superconducting structures to imprint certain magnetic domains on the ferromagnets placed on them, and the surface defects to stabilize them. The magnetic structures are akin to that of a skyrmion and are interesting for spintronic applications," explains Valencia.

Geometry matters

Smaller imprinted vortices were about 2 micrometres in diameter, about ten times the size of typical skyrmions. The team studied samples with circular and square geometries and found that circular geometries increased the stability of imprinted magnetic radial vortices.

"This is a novel way to create and stabilize such structures and it can be applied in a variety of ferromagnetic materials. These are good new prospects for the further development of superconducting spintronics," says Valencia.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240417131037.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Dog attacks on mountain tapirs highlight a growing threat to endangered wildlife | ScienceDaily
Researchers who captured footage of dog attacks on endangered mountain tapirs in Colombia are calling for action to protect threatened wildlife.


						
Using camera traps, a team from WILD Campo Silvestre, the Tiger Cats Conservation Initiative, and the Fundacion Caipora captured images of two attacks in the Campoalegre Soil Conservation District, Santa Rosa de Cabal in a period of two months.

Domestic dogs (Canis lupus familiaris) were photographed chasing and attacking mountain tapirs (Tapirus pinchaque) in a protected area of the Central Andes. These images were subsequently published in a research paper published by the open-access journal, Neotropical Biology and Conservation.

The study offers insights into the impact of domestic dogs on wildlife, particularly on species of conservation concern such as the mountain tapir. The authors highlight the urgent need for population management and control of domestic dogs inside and around protected areas.

Conservation measures such as neutering and vaccination programs for stray and owned dogs in the vicinity of natural reserves are have been recently applied to protect the threatened clouded tiger cat (Leopardus pardinoides) in the region. The research team call for these measures to be extended to WILD Campo Alegre and surrounding lands.

"Domestic dog incursion into protected areas is a global threat to wildlife that is difficult to mitigate because of the inherent social dilemma of controlling dog populations," says Juan Camilo Cepeda-Duque, lead author of the study.

"Dogs can contribute to the extinction of vertebrate species, can imbalance the trophic dynamics amongst predator guilds and even have the potential to collapse entire ecological communities," he continues.

The mountain tapir is an emblematic herbivore of the Andean cloud forest, globally classified as 'Endangered' according to the IUCN Red List due to habitat loss and poaching. The presence and aggressive behaviour of domestic dogs not only threaten the physical wellbeing of these tapirs but also their reproductive performance, foraging efficiency, and overall population health due to increased stress, potential for disease transmission, and alterations in habitat use.

The research team highlight that their observations are not isolated cases, as locals previously reported the same dogs chasing and attacking mountain tapirs and cattle. Additionally, no detection of juvenile mountain tapirs was obtained in the survey.

A new protected area in the northern extreme of the Campoalegre Soil Conservation District has been established by the NGO WILD Nature Foundation, particularly with the target of protecting the habitat of mountain tapirs and the last remnant populations of the fuerte's parrot (Hapalopsittaca fuertesi) in the region. Currently, the reserve is carrying out an unprecedented restoration program, planting thousands of trees to recover the land once cleared for the establishment of cattle ranching.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240417131031.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Adults with congenital heart disease faced higher risk of abnormal heart rhythms | ScienceDaily
Almost 1 in 5 adults with congenital heart disease living in Israel had or developed an abnormal heart rhythm/arrhythmia during a five-year study, according to new research published today in the Journal of the American Heart Association, an open access, peer-reviewed journal of the American Heart Association.


						
The study of more than 11,000 adults with congenital heart disease between 2007 and 2011 found that those who developed forms of abnormal heart rhythms had an increased risk for hospitalization and twice the risk of early death compared to study participants who did not have an irregular heart rhythm.

"Our findings highlight the need for ongoing, lifelong, clinical follow-up for people with congenital heart disease," said lead study author Nili Schamroth-Pravda, MBBCh, a cardiologist at the Rabin Medical Center in Petah Tikva, Israel. "With the improvement of medical and surgical techniques, the number of patients with congenital heart disease reaching adulthood is increasing, as well as the complications associated with these heart conditions.

"The health care system should be aware of the unfavorable effects of arrhythmias in this increasing population and the consequent increase in both primary care visits and hospitalizations," Schamroth-Pravda said.

The analysis found:
    	Almost 20% of adults with congenital heart disease had irregular heart rhythms at the study's start or developed them over five years.
    	Adults with congenital heart disease who developed a fast heart rate originating in the heart's upper chambers -- atrial tachyarrhythmia -- faced a 65% increased risk of dying earlier compared with those who did not have an irregular heartbeat.
    	Those who developed a fast heart rate caused by rapid contracting of the heart's lower chambers -- ventricular tachyarrhythmia -- faced a twofold increase of dying earlier compared with those who did not have an irregular heartbeat.
    	Patients who experienced abnormal heart rhythms (atrial arrythmia, ventricular arrythmia or atrioventricular block -- a slowed heartbeat) within the previous six months had up to a 33% higher rate of hospitalization compared to those without an abnormal heart rhythm.

Researchers note that surgical scar tissue in the heart, even years after repairing a congenital heart defect, may increase the risk for abnormal heart rhythms later in life. The challenge to clinicians is to achieve early detection and early management of arrhythmias that could pose life-threatening health risks. Learning more about the frequency of these different types of arrhythmias and how they progress among adults with congenital heart disease can help improve treatment for these patients and prevent complications and hospitalizations.

The study is among the first to analyze health care use in association with arrhythmias among adults with congenital heart disease.




"Our study suggests that the development of arrythmias is a critical point in the life of adult patients with congenital heart disease and this has a profound impact on the health care system providing care for these patients," Schamroth-Pravda said.

"Our study is from large, real-world data and gives insights into a population that is under-studied," she said. "Congenital heart disease can be varied with people having simple or complex heart lesions, however, they all carry some risk of an abnormal heart rhythm in later life and should be assessed individually and monitored on a regular basis."

According to the 2024 Heart Disease and Stroke Statistics: A Report of U.S. and Global Data From the American Heart Association, an estimated 13.3 million people globally were living with congenital heart diseases in 2019. Occurrences increased by 28% between 1990 and 2019, driven largely by increases in the number of adolescents, younger adults and middle-aged adults living with congenital heart diseases.

Study background and details:
    	The study included 11,653 adults with a diagnosis of congenital heart disease living in Israel between January 2007 and December 2011 and followed for 5 years. Citizens of Israel have universal health insurance, and this data was taken from the two largest national health services.
    	The average age of participants at the start of the study period was 47 years; 52% were women; 70% were Jewish, about 7% were Arab and 23% were noted as "mixed." "Mixed" referred to the group in which the locality of where the patients lived could not clarify the patient's ethnicity since there are regions in Israel with mixed Jewish/Arab residents.
    	The analysis of the data was conducted in 2023.
    	Most study participants had a single heart defect, and all had at least one documented congenital heart lesion or a specific congenital heart malformation repair procedure.
    	At least 18 distinct types of congenital heart defects -- some are simple and some are complex -- are recognized according to the American Heart Association.
    	Thirty percent of adults in this study had an atrial septal defect; 26% had aortic valve disease; and 14% had a ventricular septal defect.
    	A total of 8.7% of patients were diagnosed with tachyarrhythmia (abnormally fast heart rate), at the start of the study; 1.5% had a conduction disturbance, which is the slowing or abnormal conduction of electrical signals in the heart; and 0.5% had both conditions.
    	Among the subgroup with tachyarrhythmia 60% had abnormally fast heart rates in the upper atrial regions of the heart and 5.7% had abnormally fast heart rates in the lower ventricular regions of the heart.
    	Patients without arrhythmia at baseline were younger, with a median age of 45 years compared to patients with arrhythmia having a median age of 50 years.

One of the limitations of the findings is that it is based solely on patients in Israel. How these findings might translate to adults with congenital heart disease in the United States or elsewhere is unclear.
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A better view with new mid-infrared nanoscopy | ScienceDaily
A team at the University of Tokyo have constructed an improved mid-infrared microscope, enabling them to see the structures inside living bacteria at the nanometer scale. Mid-infrared microscopy is typically limited by its low resolution, especially when compared to other microscopy techniques. This latest development produced images at 120 nanometers, which the researchers say is a thirtyfold improvement on the resolution of typical mid-infrared microscopes. Being able to view samples more clearly at this smaller scale can aid multiple fields of research, including into infectious diseases, and opens the way for developing even more accurate mid-infrared-based imaging in the future.


						
The microscopic realm is where viruses, proteins and molecules dwell. Thanks to modern microscopes, we can venture down to see the inner workings of our very own cells. But even these impressive tools have limitations. For example, super-resolution fluorescent microscopes require specimens to be labeled with fluorescence. This can sometimes be toxic to samples and extended light exposure while viewing can bleach samples, meaning they are no longer useful. Electron microscopes can also provide very impressive details, but samples must be placed in a vacuum, so live samples cannot be studied.

By comparison, mid-infrared microscopy can provide both chemical and structural information about live cells, without needing to color or damage them. However, its use has been limited in biological research because of its comparatively low resolution capability. While super-resolution fluorescent microscopy can narrow down images to tens of nanometers (1 nanometer being one-millionth of a millimeter), mid-infrared microscopy can typically only achieve around 3 microns (1 micron being one-thousandth of a millimeter).

However, in a new breakthrough, researchers at the University of Tokyo have attained a higher resolution of mid-infrared microscopy than ever before. "We achieved a spatial resolution of 120 nanometers, that is, 0.12 microns. This amazing resolution is roughly 30 times better than that of conventional mid-infrared microscopy," explained Professor Takuro Ideguchi from the Institute for Photon Science and Technology at the University of Tokyo.

The team used a "synthetic aperture," a technique combining several images taken from different illuminated angles to create a clearer overall picture. Typically, a sample is sandwiched between two lenses. The lenses, however, inadvertently absorb some of the mid-infrared light. They solved this issue by placing a sample, bacteria (E. coli and Rhodococcus jostii RHA1 were used), on a silicon plate which reflected visible light and transmitted infrared light. This allowed the researchers to use a single lens, enabling them to better illuminate the sample with the mid-infrared light and get a more detailed image.

"We were surprised at how clearly we could observe the intracellular structures of bacteria. The high spatial resolution of our microscope could allow us to study, for example, antimicrobial resistance, which is a worldwide issue," said Ideguchi. "We believe we can continue to improve the technique in various directions. If we use a better lens and a shorter wavelength of visible light, the spatial resolution could even be below 100 nanometers. With superior clarity, we would like to study various cell samples to tackle fundamental and applied biomedical problems."
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Interspecies competition led to even more forms of ancient human -- defying evolutionary trends in vertebrates | ScienceDaily
Competition between species played a major role in the rise and fall of hominins -- and produced a "bizarre" evolutionary pattern for the Homo lineage -- according to a new University of Cambridge study that revises the start and end dates for many of our early ancestors.


						
Conventionally, climate is held responsible for the emergence and extinction of hominin species. In most vertebrates, however, interspecies competition is known to play an important role.

Now, research shows for the first time that competition was fundamental to "speciation" -- the rate at which new species emerge -- across five million years of hominin evolution.

The study, published today in Nature Ecology & Evolution, also suggests that the species formation pattern of our own lineage was unlike almost anything else.

"We have been ignoring the way competition between species has shaped our own evolutionary tree," said lead author Dr Laura van Holstein, a University of Cambridge biological anthropologist from Clare College. "The effect of climate on hominin species is only part of the story."

In other vertebrates, species form to fill ecological "niches" says van Holstein. Take Darwin's finches: some evolved large beaks for nut-cracking, while others evolved small beaks for feeding on certain insects. When each resource niche gets filled, competition kicks in, so no new finches emerge and extinctions take over.

Van Holstein used Bayesian modelling and phylogenetic analyses to show that, like other vertebrates, most hominin species formed when competition for resources or space were low.




"The pattern we see across many early hominins is similar to all other mammals. Speciation rates increase and then flatline, at which point extinction rates start to increase. This suggests that interspecies competition was a major evolutionary factor."

However, when van Holstein analysed our own group, Homo, the findings were "bizarre."

For the Homo lineage that led to modern humans, evolutionary patterns suggest that competition between species actually resulted in the appearance of even more new species -- a complete reversal of the trend seen in almost all other vertebrates.

"The more species of Homo there were, the higher the rate of speciation. So when those niches got filled, something drove even more species to emerge. This is almost unparalleled in evolutionary science."

The closest comparison she could find was in beetle species that live on islands, where contained ecosystems can produce unusual evolutionary trends.

"The patterns of evolution we see across species of Homo that led directly to modern humans is closer to those of island-dwelling beetles than other primates, or even any other mammal."

Recent decades have seen the discovery of several new hominin species, from Australopithecus sediba to Homo floresiensis. Van Holstein created a new database of "occurrences" in the hominin fossil record: each time an example of a species was found and dated, around 385 in total.




Fossils can be an unreliable measure of species' lifetimes. "The earliest fossil we find will not be the earliest members of a species," said van Holstein.

"How well an organism fossilises depends on geology, and on climatic conditions: whether it is hot or dry or damp. With research efforts concentrated in certain parts of the world, and we might well have missed younger or older fossils of a species as a result."

Van Holstein used data modelling to address this problem, and factor in likely numbers of each species at the beginning and end of their existence, as well as environmental factors on fossilisation, to generate new start and end dates for most known hominin species (17 in total).

She found that some species thought to have evolved through "anagenesis" -- when one slowly turns into another, but lineage doesn't split -- may have actually "budded": when a new species branches off from an existing one.*

This meant that several more hominin species than previously assumed were co-existing, and so possibly competing.

While early species of hominins, such as Paranthropus, probably evolved physiologically to expand their niche -- adapting teeth to exploit new types of food, for example -- the driver of the very different pattern in our own genus Homo may well have been technology.

"Adoption of stone tools or fire, or intensive hunting techniques, are extremely flexible behaviours. A species that can harness them can quickly carve out new niches, and doesn't have to survive vast tracts of time while evolving new body plans," said van Holstein

She argues that an ability to use technology to generalise, and rapidly go beyond ecological niches that force other species to compete for habitat and resources, may be behind the exponential increase in the number of Homo species detected by the latest study.

But it also led to Homo sapiens -- the ultimate generalisers. And competition with an extremely flexible generalist in almost every ecological niche may be what contributed to the extinction of all other Homo species.

Added van Holstein: "These results show that, although it has been conventionally ignored, competition played an important role in human evolution overall. Perhaps most interestingly, in our own genus it played a role unlike that across any other vertebrate lineage known so far."

Notes: *For example, the hominin species Australopithecus afarensis was believed to have speciated via anagenesis from Australopithecus anamensis. However, the new data modelling suggests they overlapped by around half a million years.
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AI speeds up drug design for Parkinson's by ten-fold | ScienceDaily
Researchers have used artificial intelligence techniques to massively accelerate the search for Parkinson's disease treatments.


						
The researchers, from the University of Cambridge, designed and used an AI-based strategy to identify compounds that block the clumping, or aggregation, of alpha-synuclein, the protein that characterises Parkinson's.

The team used machine learning techniques to quickly screen a chemical library containing millions of entries, and identified five highly potent compounds for further investigation.

Parkinson's affects more than six million people worldwide, with that number projected to triple by 2040. No disease-modifying treatments for the condition are currently available. The process of screening large chemical libraries for drug candidates -- which needs to happen well before potential treatments can be tested on patients -- is enormously time-consuming and expensive, and often unsuccessful.

Using machine learning, the researchers were able to speed up the initial screening process by ten-fold, and reduce the cost by a thousand-fold, which could mean that potential treatments for Parkinson's reach patients much faster. The results are reported in the journal Nature Chemical Biology.

Parkinson's is the fastest-growing neurological condition worldwide. In the UK, one in 37 people alive today will be diagnosed with Parkinson's in their lifetime. In addition to motor symptoms, Parkinson's can also affect the gastrointestinal system, nervous system, sleeping patterns, mood and cognition, and can contribute to a reduced quality of life and significant disability.

Proteins are responsible for important cell processes, but when people have Parkinson's, these proteins go rogue and cause the death of nerve cells. When proteins misfold, they can form abnormal clusters called Lewy bodies, which build up within brain cells stopping them from functioning properly.




"One route to search for potential treatments for Parkinson's requires the identification of small molecules that can inhibit the aggregation of alpha-synuclein, which is a protein closely associated with the disease," said Professor Michele Vendruscolo from the Yusuf Hamied Department of Chemistry, who led the research. "But this is an extremely time-consuming process -- just identifying a lead candidate for further testing can take months or even years."

While there are currently clinical trials for Parkinson's currently underway, no disease-modifying drug has been approved, reflecting the inability to directly target the molecular species that cause the disease.

This has been a major obstacle in Parkinson's research, because of the lack of methods to identify the correct molecular targets and engage with them. This technological gap has severely hampered the development of effective treatments.

The Cambridge team developed a machine learning method in which chemical libraries containing millions of compounds are screened to identify small molecules that bind to the amyloid aggregates and block their proliferation.

A small number of top-ranking compounds were then tested experimentally to select the most potent inhibitors of aggregation. The information gained from these experimental assays was fed back into the machine learning model in an iterative manner, so that after few iterations, highly potent compounds were identified.

"Instead of screening experimentally, we screen computationally," said Vendruscolo, who is co-Director of the Centre for Misfolding Diseases. "By using the knowledge we gained from the initial screening with our machine learning model, we were able to train the model to identify the specific regions on these small molecules responsible for binding, then we can re-screen and find more potent molecules."

Using this method, the Cambridge team developed compounds to target pockets on the surfaces of the aggregates, which are responsible for the exponential proliferation of the aggregates themselves. These compounds are hundreds of times more potent, and far cheaper to develop, than previously reported ones.

"Machine learning is having a real impact on the drug discovery process -- it's speeding up the whole process of identifying the most promising candidates," said Vendruscolo. "For us this means we can start work on multiple drug discovery programmes -- instead of just one. So much is possible due to the massive reduction in both time and cost -- it's an exciting time."

The research was conducted in the Chemistry of Health Laboratory in Cambridge, which was established with the support of the UK Research Partnership Investment Fund (UKRPIF) to promote the translation of academic research into clinical programmes.
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E-tongue can detect white wine spoilage before humans can | ScienceDaily
While the electronic tongue bears little physical resemblance to its namesake, the strand-like sensory probes of the "e-tongue" still outperformed human senses when detecting contaminated wine in a recent study.


						
In an experiment at Washington State University, the e-tongue identified signs of microorganisms in white wine within a week after contamination -- four weeks before a human panel noticed the change in aroma. This was also before those microbes could be grown from the wine in a petri-dish. Winemakers traditionally rely on these two methods, sniffing the wine and petri-dish testing, to identify potential wine "faults" or spoilage.

The findings, detailed in the Journal of Food Science, indicate that e-tongue testing could augment those methods and allow winemakers to catch and mitigate problems sooner, said Carolyn Ross, WSU food science professor and the study's corresponding author.

"If you ran a sample using the electronic tongue, we could learn after one week if there's contamination or a wine fault problem, versus waiting up to four weeks running just sensory testing," said Ross, who is also the director of WSU's Sensory Science Center. "It's really helpful with understanding wine quality."

When immersed in a liquid, the e-tongue's sensors can "taste" it by analyzing for the presence of certain compounds. At WSU, Ross' team developed and programmed the instrument for various purposes including taking a type of "fingerprint" of wine, collecting a variety of information that may be of interest to winemakers.

"It gives good information about the holistic quality of the wines," Ross said, though she noted that this type of analysis is best used to complement, not replace, other methods of judging wine quality.

In this study, the researchers purposely added four microbes to different bottles of Reisling. These microbes are known to contaminate white wine, causing spoilage and unpleasant odors, including nail polish remover, geranium and "mousy" odors. They trained a group of 13 volunteers to recognize a range of wine attributes by their aromas, both positive and negative, including these odors.

The trained panel then assessed the aroma of uncontaminated wine as a control and samples of the contaminated wine that had been stored for seven days to 42 days. The e-tongue was set to the same task and identified the contamination of all types after the first seven days of storage. The human sensory panel only started to detect contamination in some of the samples after 35 days of storage, a full 28 days after the e-tongue.

Ross and her colleagues have also tested out the e-tongue with red wine in an earlier study, and the team is continuing to develop the instrument housed at the WSU Sensory Science Center, building up a library to help inform its "tasting" abilities. Ross is currently looking for winery clients interested in the e-tongue capabilities to help assess the quality of their products.

This study received support from the Washington Wine and Grape Research fund and the U.S. Department of Agriculture. Additional co-authors on the study include first author Rachel Potter and Claire Warren of WSU and Jungmin Lee of the U.S.D.A. Agricultural Research Service.
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Unique field study shows how climate change affects fire-impacted forests | ScienceDaily
During the unusually dry year of 2018, Sweden was hit by numerous forest fires. A research team led from Lund University in Sweden has investigated how climate change affects recently burnt boreal forests and their ability to absorb carbon dioxide.


						
The boreal forests form a single biome that spans the entire Northern Hemisphere. These forests play a key role in the global climate system by absorbing carbon dioxide from the atmosphere. Increasing forest fires, in the wake of climate change, threaten to undermine this ecosystem service.

In the aftermath of the summer 2018 forest fires in Sweden, a team of researchers began the most extensive field campaign ever performed in boreal forests to study how the fires affected 50 forests spread across the country.

"We found that climate change may reduce the ability of burnt forests to absorb carbon after a fire. Many of the old trees remain, but some of their important functions appear to be weakened," explains Johan Eckdahl, a physical geographer at Lund University.

The study shows that regrowth after a fire is influenced by the climate-sensitive partnership between plants and soil microbes. As the climate changes, the carbon storing function of this interaction is weakened because of a mismatch between the adaptive capacities of plants and microbes. Namely, the current northward migration of fast-growing, warmth-adapted plant species might not pace increasing rates of microbial decomposition under escalating growing season temperatures.

"During global warming, plant species migration is a necessary process to maintain biodiversity and ecosystem services. If it does not keep pace with climate change, the ability of Sweden's boreal forests to function as effective carbon sinks will be compromised," says Johan Eckdahl.

The boreal region, also known as the taiga, serves as an immense global carbon reservoir. Research shows that the boreal region may experience greatly reduced carbon storage capacity in the coming century due to climate change and increased wildfire activity, reducing its traditional role as an absorber of greenhouse gases. A better understanding of the response of boreal forests to external influences is essential in predicting their resilience to climate change and the increased frequency of forest fires.

"Biodiversity is not only important in tropical rainforests, it is also important in the taiga! Our study highlights the often overlooked relationship between biodiversity and carbon storage in northern ecosystems. The results emphasise the need for continued research and environmental monitoring in the vast boreal region," concludes Johan Eckdahl.
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Paradox of extreme cold events in a warming world | ScienceDaily
According to Copernicus Climate Change Service, February 2024 was the warmest February ever recorded globally. However, North America, Asia, and parts of Europe experienced record-breaking cold temperatures. In some places, such as China's Mohe and Russia's Yakutsk, temperatures dipped to the life-threatening lowest levels. Alarmingly, this juxtaposition of increasing temperatures amidst extreme coldness pushes the future of our planet's climate into uncertainty.


						
This paradoxical situation is captured by the Warm Arctic-Cold Continent (WACC) phenomenon, where warm Arctic temperatures lead to sea-ice decline and cold blasts across specific mid-latitude regions. The Arctic's rapid warming indicates global climate change. However, as global warming and the Arctic's temperature keep increasing, it is unclear how WACC events will unfold in the coming decades.

To bridge this gap, a research group, led by Professor Jin-Ho Yoon and including Ph.D. student Yungi Hong, both from the School of Earth Sciences and Environmental Engineering at Gwangju Institute of Science and Technology, Korea, has recently investigated the dynamics and evolution of extreme winter weather events -- technically known as WACC. Using simulations of climate datasets, mainly obtained from the Community Earth System Model Large Ensemble Project, they forecasted the trajectory of WACC events in East Asia and North America, spanning from 1920 to 2100. The study's findings were published in the journalnpj Climate and Atmospheric Scienceon March 11, 2024.

Explaining their study, Prof. Yoon emphasizes, "The WACC pattern has significantly influenced winter climates, but what we see currently is merely the start of a drastic shift." The research team found that despite global warming, WACC events have continued to intensify until the 2020s. Prof. Yoon points out, "These events will sharply decline post-2030s. Yet, this decline does not mean reduced extreme weather events in the future. Instead, winters will get warmer as global warming intensifies. Although cold snaps will occur less frequently, they may have more severe consequences when they do happen."

This declining trend will likely continue until the WACC phenomenon almost disappears by the late 21st century, bringing new extreme weather events.

These findings reshape our understanding of the WACC events and highlight the need to update climate models for accurate predictions, enhancing preparation and response strategies. The findings also resonate with the hardships faced by communities worldwide, especially those in regions historically affected by the WACC.

With the drastic shift in the WACC trajectory lurking closer, immediate action is thus needed to refine global climate strategies and reassess how societies will prepare and adapt. In this regard, Mr. Hong says, "Understanding the impact of the drastic shift in WACC events and devising adaptation and mitigation strategies determinesthe future of our winter climate, and it's a stark reminder of the complexity of climate systems and the unexpected outcomes of climate change."

Overall, this study is a compelling call for communities, policymakers, and scientists to act. It is needed, now more than ever, to collaborate and adapt as we navigate the path to resilience against climate change!
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Study finds iron-rich enamel protects, but doesn't color, rodents' orange-brown incisors | ScienceDaily
Chattering squirrels, charming coypus, and tail-slapping beavers -- along with some other rodents -- have orange-brown front teeth. Researchers have published high-resolution images of rodent incisors in ACS Nano, providing an atomic-level view of the teeth's ingenious enamel and its coating. They discovered tiny pockets of iron-rich materials in the enamel that form a protective shield for the teeth but, importantly, don't contribute to the orange-brown hue -- new insights that could improve human dentistry.


						
Human and animal teeth are coated in a complex crystalline substance called enamel. And while enamel is the hardest tissue in our bodies, it's even harder in rodents. Their ever-growing incisors have an additional outer layer of acid-resistant, iron-rich enamel. Previously, researchers suggested that this iron-rich material was also responsible for the striking orange to brown color of many rodents' incisors. However, the microscopic structure of the iron-rich enamel hadn't been fully characterized. To learn more about the composition of rodent tooth enamel, Vesna Srot and colleagues captured high-resolution images of incisor specimens from several species.

The researchers collected incisors from rodents that live in different environments: beavers, coypus, squirrels, marmots, rats, voles and mice. To investigate the structure, elemental composition and color transmission of the enamel, thin slices were taken from different sections of the teeth and prepared for imaging with optical microscopy, 3D focused ion beam tomography and scanning transmission electron microscopy. The micro- and nano-scale resolution images revealed:
    	Initially, cells that synthesize enamel components produce 6- to 8-nanometer-wide particles of iron-storage proteins called ferritins, which are the source material for iron ions in matured enamel.
    	As enamel matures and solidifies before the teeth erupt from the gums, iron-containing ferrihydrite-like material moves into the outer layer of enamel, occupying empty spaces between calcium-containing hydroxyapatite crystals.
    	The microstructure of the iron-rich enamel contains elongated nanometer-sized pockets filled with small amounts of the ferrihydrite-like material, which contribute acid resistance even though the filled pockets account for less than 2% of the volume of iron-rich enamel.
    	While these results suggest that different types of rodents develop the iron-rich outer enamel layer in a similar way, the depth of the layer vary by species, with mice having the thinnest and coypus having the thickest layers.
    	Finally, the intense orange-brown color of rodent incisors doesn't come from the filled pockets in the enamel, as was previously thought, but from a thin surface layer composed of aromatic amino acids and inorganic minerals.

The researchers suggest that adding small amounts of ferrihydrite-like or other colorless biocompatible iron minerals to dental care products could provide exceptional protection for human tooth enamel. In addition, incorporating small amounts of iron hydroxides into synthetic enamel could produce longer-lasting restorations for human teeth.

The authors acknowledge funding from the European Union's Horizon 2020 research and innovation programme.
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Copper beads in pig feed reshape swine gut microbiome | ScienceDaily
Copper is a natural antimicrobial material that, when added to pig feed, may promote the growth and health of the animals. Since pigs can tolerate high levels of the metal, researchers at Texas Tech University in Amarillo recently investigated whether copper might be used to promote their gut health and reduce the shedding of microbes to the environment.


						
This week in Microbiology Spectrum, the researchers report that small beads containing copper, when added to pig feed, effectively deliver the metal to the animal gut.

"The copper gets released in the animal system very slowly," says microbiologist Alexandra Calle, Ph.D, the paper's senior author. Instead of just being consumed and absorbed in the stomach, it remains for a longer period in the animal's GI tract.

In the lab, Calle and her colleagues found that exposing Salmonella to the copper bead solution resulted in dramatic reductions in the population of the bacterial pathogen. Based on those results, they hoped that their animal experiments would show that the copper beads could reduce microbial pathogens in the gut, as well.

They divided a group of 48 6-month-old pigs -- half female, half male -- into 2 groups. During the second week of a 3-week study, the first group received normal feed, and the other received feed with added copper beads. Researchers collected feces from the pigs throughout the experiment, using atomic spectroscopy to measure copper levels and 16s RNA sequencing to identify microbial species.

Calle and her colleagues selected 2 families of bacteria to study as indicators of how the copper changed the gut microbiome. One was Enterobacteriaceae,a large collection of microbes that includes Salmonella, Shigella, Escherichia coli and others, including many that can be pathogenic. The other family included lactic acid bacteria, which have been linked to health or nutritional benefits.

Animals in the experimental group had about 20 times as much copper in their feces as animals in the control group, and after they stopped receiving copper their levels of the metal returned to baseline. Those measurements confirmed that the beads had effectively delivered the metal.




Analyses of the microbial populations showed that the copper additive led to higher levels of Enterobacteriaceaeand lower levels of lactic acid bacteria in the control group -- which wasn't the change the researchers had hoped to see.

"Even though our desired target was to reduce levels of Enterobacteriaceae,the opposite happened," Calle said. She suspects that after the copper diminished levels of the lactic acid bacteria, the Enterobacteriaceaehad an easier time colonizing the gut.

Despite those findings, though, they're not discouraged. "This was our first test of this project," Calle said. The ultimate goal of the research, she said, is to design what researchers call a "pre-harvest intervention," which would enhance the gut health in the animals before they're slaughtered and processed for food.

The next step toward that goal, she said, is to use the beads to target specific, pathogenic microbes and optimize the gut health benefits.
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Tracking a protein's fleeting shape changes | ScienceDaily
Researchers at Weill Cornell Medicine have developed a powerful, new technique to generate "movies" of changing protein structures and speeds of up to 50 frames per second.


						
Senior author, Dr. Simon Scheuring, the Distinguished Professor of Anesthesiology Research at Weill Cornell Medicine and colleagues developed the new approach to gain a better understanding of how biological molecules change structurally over time. Although investigators in this field routinely image static proteins and other molecules finely enough to resolve the positions of individual atoms, the resulting structural pictures or models are snapshots. Recording the dynamics of molecular structures -- making movies -- has been a much harder challenge. The lead author of the study is Yining Jiang, a doctoral candidate in the Weill Cornell Graduate School of Biomedical Sciences.

In their study, published April 17 in Nature Structural & Molecular Biology, the researchers used a relatively new measurement technique called high-speed atomic-force microscopy (HS-AFM), which employs an extremely sensitive probe to scan across molecules' surfaces, essentially feeling their structures. As a key innovation, the scientists found a method to isolate their target molecule, a single protein, thus avoiding effects from protein-to-protein interactions and enabling faster and more precise scanning.

The researchers applied their new single-molecule HS-AFM approach to a protein called GltPh, a "transporter" that sits in the cell membrane, directing neurotransmitter molecules into the cell. Such transporters are among the favorite targets of structural biologists due to their complex and puzzling dynamics, and their importance in health and disease.

The researchers obtained dynamic structural data on GltPh with an unprecedented combination of high spatial and time resolution -- and stability, so that they could record tiny fluctuations in GltPh's structure continuously for minutes. An unsolved phenomenon in such proteins was termed 'wanderlust' kinetics, meaning that molecules were reported to functionally change between high and low activity modes, for no obvious reason. The work revealed a previously unseen structural state of GltPh, in which the transporter is locked and functionally asleep, uncovering the basis of 'wanderlust' kinetics.

The researchers emphasized that their new approach, which they are continually trying to optimize, is generalizable for studying other proteins, including membrane-embedded proteins. Overall, they said, this work opens up new possibilities to track the precise structure of a protein moment-by-moment during its cycles of activity and rest.

This research was supported by the National Institute of Health (NIH), National Center for Complementary and Integrative Health, grant DP1AT010874, and the National Institute of Neurological Disorders and Stroke, R01NS110790.
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Research explores how a father's diet could shape the health of his offspring | ScienceDaily

The research provides a step towards understanding how the effect of diet can transmit from one generation to the next via a father's sperm. It could ultimately inform dietary guidelines for fathers-to-be, with the goal of lowering the risk of metabolic disease and mood disorders in the next generation.

Parents like to believe they can shape the interests and behaviour of their children, with mixed success. But a new study from an international team of researchers confirms this is the case for mice, with father's shaping their offspring's health through their own diet.

Scientists have already discovered that a mouse father's diet can have an impact not only on his own reproductive health but on that of his offspring. Over- or under-feeding male mice can affect their offspring's metabolism and behaviour, as well as their risk of cancer. What is less understood is whether there are diverse types of health impacts on the health of offspring, depending on the type and composition of the diet of male mice before conception.

This was the starting point for the research by scientists in the international GECKO consortium, with lead investigators in Copenhagen, Sydney, and Chicago.

At the University of Sydney's Charles Perkins Centre in Australia researchers fed male mice one of ten diets differing in the proportions of protein, fats, and carbohydrates, then allowed them to mate with females reared on standard diet. The behaviour and physiology of the resulting pups were then studied.

Dietary composition as important as number of calories

The scientists discovered that male mice fed low protein and high carbohydrate diets were more likely to have male offspring with higher levels of anxiety, as measured by time spent in the safety zones of their maze. They also found that male mice that were fed high fat diets were more likely to have daughters with higher levels of body fat and markers of metabolic disease.




"Our study shows that the type of diet eaten before conception can program specific characteristics of the next generation," says co-senior author and leader of the GECKO consortium Professor Romain Barres, from the University of Copenhagen and Universite Cote d'Azur, Nice.

"It is extraordinary that by titrating mixtures of protein, fat and carbs in the father's diet we could influence specific features of his sons and daughters health and behaviour. There is some important biology at play here," said Professor Stephen Simpson, co-senior author and Academic Director of the Charles Perkins Centre at the University of Sydney.

The team also observed that males on a low protein diet also ate more food overall. However, thanks to the study design, they could determine that both the amount of calories, and the macronutrient composition of the males' diets, influenced the health of their offspring.

"Our study shows that it's not just eating too much or too little, but the composition of the diet that can have an impact on future children," says Professor Romain Barres.

The work was conducted in mice and has opened the way for the team to study the molecular mechanisms involved. The mouse work is part of a broader series of studies within the GECKO consortium, involving humans and other mammals at partner institutions.

"We think our study is a step towards establishing dietary guidelines for fathers to be, with the ultimate goal of lowering the risk of metabolic disease and mood disorders in the next generation," says Professor Romain Barres.
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Novel robotic training program reduces physician errors placing central lines | ScienceDaily
More than five million central lines are placed in patients who need prolonged drug delivery, such as those undergoing cancer treatments, in the United States every year, yet the common procedure can lead to a bevy of complications in almost a million of those cases. To help decrease the rate of infections, blood clots and other complications associated with placing a central line catheter, Penn State researchers developed an online curriculum coupled with a hands-on simulation training to provide trainee physicians with more practice.


						
Deployed in 2022 at the Penn State College of Medicine, the researchers recently assessed how the training impacted the prevalence of central line complications by comparing error rates from 2022-23, when the training had been fully implemented, to two prior years, 2016-17 and 2017-18, from before implementing the training. They found that all complication types -- mechanical issues, infections and blood clots -- were significantly lower after the training was launched.

They published their results in the Journal of Surgical Education. The researchers hold patents on the technology used in this work. In addition to working to improve the central line placement training, the team is also applying the framework to other common procedures with high complication rates, such as colonoscopies and laparoscopic surgeries.

"Our approach is focused on reducing preventable errors -- this paper is the first significant clinical evidence that we are moving the needle on the gap in clinical education and clinical practice," said Scarlett Miller, professor of industrial engineering and of mechanical engineering at Penn State and principal investigator on the project. "If we ensure physicians going through residency training are proficient in a skill, like placing central lines, we can minimize the risk on human life."

Traditional training for placing a central line and other routine surgical procedures starts with a resident watching a more senior doctor complete the process. Then, the resident is expected to do the procedure themselves, and, finally, they teach someone else to do the procedure.

"The problem with that approach is that there are very few checks in the process, and the resident only improves by working with patients -- who are at risk of complications," Miller said. "The simulation approach allows someone to try the procedure hundreds, thousands of times without putting anyone at risk."

The new approach -- the result of interdisciplinary work between engineers and clinicians, Miller said -- uses online- and simulation-based training to perform standardized ultrasound-guided internal jugular central venous catheterization (US-IJCVC), which is a central line placed into the internal jugular vein via the neck.




Residents first complete online training, which includes pre- and post-tests to evaluate knowledge gained. They then take that knowledge and apply in a skills lab, where they practice placing the central line on a novel dynamic haptic robotic trainer that can simulate various conditions and reactions. Residents can use ultrasound to image the line placement, like they would on a real person, on the robotic trainer, which offers automated feedback.

"We started with 25 surgical residents at the Penn State Health Milton S. Hershey Medical Center, then expanded to all of the residents at Hershey and partnered with Cedars-Sinai Medical Center in Los Angeles to bring the training to their residents," Miller said. "In total, we have trained about 700 physicians to date, and we train about 200 a year with our current funding."

It seems practice may get physicians closer to perfect, without the risk to human life, according to Miller. In this study, Miller and her team compared error rates from 2022, the first year the simulation training was fully deployed, to error rates from 2016 and 2017, when the training was not yet established. They did not use data from 2018-21, as the training was partially implemented but undergoing startup adjustments and challenges related to COVID that could not be controlled for a direct comparison. The researchers found that the range of reported error rates for mechanical complications -- such as puncturing an artery or misplacing the catheter -- increased from 10.4% in 2016 to 12.4% in 2017 but dropped to 7.3% in 2022. The same trend continued for error rates related to infections, with the 6.6% rate in 2016 increasing to 7.6% in 2017 and dropping to 4.1% in 2022. For blood clots, the error rates decreased from 12.3% in 2016 to 11.4% in 2017 to 8.1% in 2022.

"We're very motivated by the results to improve the system and hopefully expand it to other hospitals," Miller said. "We're reducing the error rates in a significant way, but we want more. We want zero errors."

Miller is also affiliated with the School of Engineering Design in the Penn State College of Engineering, the College of Information Sciences and Technology and the Department of Surgery in the Penn State College of Medicine. Paper co-authors include Jessica M. Gonzalez-Vargas, postdoctoral scholar in industrial engineering at Penn State; Elizabeth Sinz, associate medical director of the West Virginia University Critical Care and Trauma Institute; and Jason Moore, professor of mechanical engineering at Penn State.

The U.S. National Science Foundation and the National Institutes of Health's National Heart, Lung, and Blood Institute supported this work.
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Two-dimensional nanomaterial sets record for expert-defying, counter-intuitive expansion | ScienceDaily
It is a common hack to stretch a balloon out to make it easier to inflate. When the balloon stretches, the width crosswise shrinks to the size of a string. Noah Stocek, a PhD student collaborating with Western University physicist Giovanni Fanchini, has developed a new nanomaterial that demonstrates the opposite of this phenomenon.


						
Working at Interface Science Western, home of the Tandetron Accelerator Facility, Stocek and Fanchini formulated two-dimensional nanosheets of tungsten semi-carbide (or W2C, a chemical compound containing equal parts of tungsten and carbon atoms) which when stretched in one direction, expand perpendicular to the applied force. This structural design is known as auxetics.

The trick is that the structure of the nanosheet itself isn't flat. The atoms in the sheet are made of repeating units consisting of two tungsten atoms to every carbon atom, which are arranged metaphorically like the dimpled surface of an egg carton. As tension is applied across the elastic nanosheet in one direction, it expands out in the other dimension as the dimples flatten.

Prior to this innovation, there has been only one reported material that could expand by 10 per cent per unit length in this counter-intuitive way. The Western-engineered tungsten semi-carbide nanosheet can expand to 40 percent, a new world record.

"We were specifically looking to create a two-dimensional nanomaterial from tungsten semi-carbide," said Stocek. "In 2018, theorists predicted that it might exhibit this behaviour to an excellent level, but nobody had been able to develop it, despite extensive attempts by research groups all over the world."

It wasn't possible to construct the new tungsten semi-carbide nanomaterial using chemical means, so Stocek and Fanchini relied on plasma physics to form the single atom layers. Made of charged particles of atoms, plasma is the fourth state of matter (with solid, liquid and gas). Plasma can be observed in the natural world in the northern lights, or Aurora Borealis, and the Sun's corona during the recent solar eclipse. It is also used in neon lighting, fluorescent tubes and flat-screen TVs.

Typically, the instrumentation used to make two-dimensional nanomaterials are special furnaces where gases are heated at a high enough temperature to chemically react and form the desired substance. This approach simply did not work because any chemical reaction, the most common process, would lead to a product different from the desired nanomaterial.




"That's where most researchers who tried to get this material before us got stuck, so we had to pivot," said Fanchini.

Instead of heating a gas made of tungsten and carbon atoms in furnaces, which would produce neutral particles as you would get for solids, liquids or gases, Stocek and Fanchini designed a new customized instrumentation that produces a plasma, which is made up of electrically charged particles.

Stretch goals

There are countless possible applications for these W2C nanosheets, beginning with a new type of strain gauge. These commercially available gauges are a standard way to measure expansion and stretch in everything from airplane wings to household plumbing.

"Imagine if you want to know if a pipe in your house is deforming and risks bursting at some point. You can stick a sensor on the pipe made from this two-dimensional nanomaterial, and then use a computer to monitor the current passing through it. If the current rises, it means the pipe is expanding and risks bursting," said Stocek.

The new nanomaterial, in fact, becomes more electrically conductive and that opens the door for endless possibilities to use in things like sensors, or any device that detects events or changes in the environment and sends the information to other electronics. Another application is embedding the material right in stretchable electronics, like wearable technology, so that they have more conductivity.

"Normally, strain gauges would rely on the fact that when you stretch a material, it gets thinner and you change the conductivity of a material to carry a current," said Fanchini. "With this new nanomaterial, this would no longer be the case."
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Making crops colorful for easier weeding | ScienceDaily
To make weeding easier, scientists suggest bioengineering crops to be colorful or to have differently shaped leaves so that they can be more easily distinguished from their wild and weedy counterparts. This could involve altering the crops' genomes so that they express pigments that are already produced by many plants, for example, anthocyanins, which make blueberries blue, or carotenoids, which make carrots orange. Then, they say, weeding robots could be trained to remove only the weeds using machine learning. The authors outline their proposed strategy on April 17 in the journal Trends in Plant Science.


						
"To improve the recognition of weeds, we propose using gene editing techniques to introduce traits into de novo domesticated crops that will allow for visual recognition of the crops by weeding robots that have been trained by machine learning," write the researchers, led by plant and environmental scientist Michael Palmgren of the University of Copenhagen. "This sustainable approach to eliminating wild analogues in the field combines the potential of genome editing with the power of artificial intelligence and, in principle, could also be used for already established crops."

Humans domesticated crops over the course of thousands of years via meticulous selection and breeding. Thanks to genetics, we now know many of the genes responsible for the desirable traits that our ancestors selected for, which means that new or "de novo" crops could be domesticated much more rapidly by using bioengineering techniques such as gene editing to alter or introduce these traits into wild plants. Since many wild plants are more tolerant to environmental stressors than existing crop species, this could also help create more climate change-resilient crops.

"The ultimate objective is to cultivate a novel range of crops that are environmentally sustainable, high-yielding, and conducive to eco-friendly agricultural practices," the researchers write.

However, de novo domesticated crops are likely to closely resemble their wild counterparts, which would make weeding challenging. One option would be to introduce herbicide resistance genes into the de novo crop and then use herbicides to kill the weeds. Instead, the researchers suggest pairing genetic engineering with AI technologies to create visually distinctive de novo crops plants that robot weeders can easily differentiate from weeds.

"Distinguishing these new crops from their less productive and closely related wild plants could present tremendous challenges for weed control," the researchers write. "Utilizing gene editing to enhance their visual recognition by weeding robots could effectively address this issue."

Rather than introducing non-plant genes (transgenesis) into the de novo crops, the researchers propose altering the plants' genomes so that they express pigments that are already produced by many plants -- for example, anthocyanins, which are responsible for red, purple, and blue plant in plants including berries and purple cabbage, and carotenoids, which are responsible for yellow, orange, and red hues of various plant parts including carrots, peppers, and leaves, where they are important for photosynthesis.




"Manipulating these pivotal genes would significantly enhance the accuracy of discriminating between newly domesticated crops and their wild counterparts," the researchers write.

As well as enabling visual discrimination, these pigments could have additional benefits for plant and human health. Anthocyanin accumulation in plants is associated with greater resistance to herbivory, fungal diseases, bacterial infections, heavy metal toxicity, and other environmental stresses, while carotenoids are a source of provitamin A in the human diet.

"Due to these beneficial traits, anthocyanin-rich plants offer not only a straightforward way to distinguish domesticated crops from weeds but also hold promise for practical applications in agriculture," the researchers write.

An alternative (or supplementary) option would be to alter the leaf structure of de novo crops to make them more or less complicated than their wild counterparts -- for example by inducing mutations in the genes that add or remove leaf lobes. And to facilitate seed sorting post-harvest, de novo crops could be created to have a different seed color or shape.

More research is needed to examine whether these changes would impact the crops' vitality, for example, to test whether these pigments interfere with photosynthesis or plant resilience. Additional studies are also needed to improve remote sensing techniques and to investigate the best methods for training weeding robots to recognize the de novo crops' new traits.
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Storks fly with a little help from their friends | ScienceDaily
With long legs and large wings, the white stork is a prominent star of the pageant that is animal migration. Flying from Europe towards Africa in autumn, and then back again in spring, birds can be seen taking to the sky in conspicuous flocks that herald the changing of the seasons. Now, a study from the Max Planck Institute of Animal Behavior in Konstanz, Germany, has an explanation for how this collective phenomenon forms: the storks are choosing to fly together. With data on lifetime migrations of 158 storks, the study provides the first evidence of the social preference of storks during migration. In a paper, the researchers show that storks chose routes that were heavily trafficked by other storks. Yet, young storks tuned their routes to social hot-spots more than adults did.


						
"It's exciting to see the first clues that storks are actually choosing to fly with others," says Hester Bronnvik, a doctoral student at the Max Planck Institute of Animal Behavior and first author on the study. "But as they gain migration experience, they also gain the independence to ignore social influences."

The results have unlocked the first answers to an old question about the world's most iconic migrant. "We can all see that storks fly in flocks, but this observation alone never told us whether or not storks are choosing the routes they take in order to migrate with others," says Bronnvik. "It could be that storks are selecting their routes based on other criteria -- like good winds or a particular destination -- that happen to put them in the same place."

To disentangle the underlying social preference of migrating storks, scientists had to find a way of asking them: why did you choose to fly where you did?

Studying route selection

The team tapped a 10-year data set that provided the precise GPS locations of 158 storks from southern Germany every hour over their lifetime. "We could see the complete migrations that these storks took every year for their entire lives, from a three-month-old juvenile on its first migration to a highly experienced nine-year old taking one of its last flights," says Bronnvik.

Next, the researchers pieced together a picture of the social landscape that these 158 storks would have encountered during their migrations. To do this, they drew data from 400 storks to generate estimates of where flocks were located in the landscape. "This doesn't tell us definitively whether storks flew with others," Bronnvik explains. "Rather, it gives us a probability, telling us whether a stork's route would likely put it in the path of other storks." They then used a statistical model that compared the routes that storks did fly with locations that they did not fly but that were available to them. "The model basically asked them why they chose the route that they did," says Bronnvik.




Experienced storks have less access to other storks

The analysis answered that all storks, no matter the age, selected routes with high densities of other storks. However, the strength of this selection decreased as birds aged and gained migration experience. In other words, birds were willing to choose routes with fewer storks if it provided them with good flying conditions.

The authors explain that this lifetime shift in strategy could be because juveniles rely on information gained from peers to help them survive as they have not yet learned enough from past flights."Storks need to find invisible thermals to support their flight, or pockets of food during stop overs," says senior author Andrea Flack, who leads the Collective Migration group at the Max Planck Institute of Animal Behavior. "Following others could help you find these essential resources faster." But as birds gather experience, they can wean themselves off this social information, gaining independence from the flock. "This could help them time their migrations to meet their own reproductive goals," says Flack.

The innovation of the study is that the decision-making of a long-haul migrant has been gleaned at such a vast scale. Says Flack: "Ultimately, we want to know how the decisions of migrating storks are affected by those around them. Our study provides the first clue of just how important the collective is to those decisions."
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Researchers uncover human DNA repair by nuclear metamorphosis | ScienceDaily
Researchers at the University of Toronto have discovered a DNA repair mechanism that advances understanding of how human cells stay healthy, and which could lead to new treatments for cancer and premature aging.


						
The study, published in the journal Nature Structural and Molecular Biology, also sheds light on the mechanism of action of some existing chemotherapy drugs.

"We think this research solves the mystery of how DNA double-strand breaks and the nuclear envelope connect for repair in human cells," said Professor Karim Mekhail, co-principal investigator on the study and a professor of laboratory medicine and pathobiology at U of T's Temerty Faculty of Medicine.

"It also makes many previously published discoveries in other organisms applicable in the context of human DNA repair, which should help science move even faster."

DNA double-strand breaks arise when cells are exposed to radiation and chemicals, and through internal processes such as DNA replication. They are one of the most serious types of DNA damage because they can stall cell growth or put it in overdrive, promoting aging and cancer.

The new discovery, made in human cells and in collaboration with Professor Razqallah Hakem, a researcher at University Health Network and professor at Temerty Medicine, extends prior research on DNA damage in yeast by Mekhail and other scientists.

In 2015, Mekhail and collaborators showed how motor proteins deep inside the nucleus of yeast cells transport double-strand breaks to 'DNA hospital-like' protein complexes embedded in the nuclear envelope at the edge of the nucleus.




Other studies uncovered related mechanisms during DNA repair in flies and other organisms. However, scientists exploring similar mechanisms in human and other mammalian cells reported little to no DNA mobility for most breaks.

"We knew that nuclear envelope proteins were important for DNA repair across most of these organisms, so we wondered how to explain the limited mobility of damaged DNA in mammalian cells," Mekhail says.

The answer is both surprising and elegant.

When DNA inside the nucleus of a human cell is damaged, a specific network of microtubule filaments forms in the cytoplasm around the nucleus and pushes on the nuclear envelope. This prompts the formation of tiny tubes, or tubules, which reach into the nucleus and catch most double-strand breaks.

"It's like fingers pushing on a balloon," says Mekhail. "When you squeeze a balloon, your fingers form tunnels in its structure, which forces some parts of the balloon's exterior inside itself."

Further research by the study authors detailed several aspects of this process. Enzymes called DNA damage response kinases and tubulin acetyltransferase are the master regulators of the process, and promote the formation of the tubules.




Enzymes deposit a chemical mark on a specific part of the microtubule filaments, which causes them to recruit tiny motor proteins and push on the nuclear envelope. Consequently, the repair-promoting protein complexes push the envelope deep into the nucleus, creating bridges to the DNA breaks.

"This ensures that the nucleus undergoes a form of reversible metamorphosis, allowing the envelope to temporarily infiltrate DNA throughout the nucleus, capturing and reconnecting broken DNA," says Mekhail.

The findings have significant implications for some cancer treatments.

Normal cells use the nuclear envelope tubules to repair DNA, but cancer cells appear to need them more. To explore the mechanism's potential impact, the team analyzed data representing over 8,500 patients with various cancers. The need was visible in several cancers, including triple-negative breast cancer, which is highly aggressive.

"There is a huge effort to identify new therapeutic avenues for cancer patients, and this discovery is a big step forward," says Hakem, a senior scientist at UHN's Princess Margaret Cancer Centre and a professor in U of T's department of medical biophysics and department of laboratory medicine and pathobiology.

"Until now, scientists were unclear as to the relative impact of the nuclear envelope in the repair of damaged DNA in human cells. Our collaboration revealed that targeting factors that modulate the nuclear envelope for damaged DNA repair effectively restrains breast cancer development," Hakem says.

In the aggressive triple negative breast cancer, there are elevated levels of the tubules, likely because they have more DNA damage than normal cells. When the researchers knocked out the genes needed to control the tubules, cancer cells were less able to form tumours.

One medication used to treat triple negative breast cancer is a class of drugs called PARP inhibitors. PARP is an enzyme that binds to and helps repair damaged DNA. PARP inhibitors block the enzyme from performing repair, preventing the ends of a DNA double-strand break in cancer cells from reconnecting to one another.

The cancer cells end up joining two broken ends that are not part of the same pair. As more mismatched pairs are created, the resulting DNA structures become impossible for cells to copy and divide.

"Our study shows that the drug's ability to trigger these mismatches relies on the tubules. When fewer tubules are present, cancer cells are more resistant to PARP inhibitors," says Hakem.

Partnerships among researchers in distinct fields was essential for the findings in cancer cells. The study underscores the importance of cross-disciplinary collaboration, Mekhail says.

"The brain power behind every project is crucial. Every team member counts. Also, every right collaborator added to the research project is akin to earning another doctorate in a new specialty; it's powerful," he says.

Mekhail notes the discovery is also relevant to premature aging conditions like progeria. The rare genetic condition causes rapid aging within the first two decades of life, commonly leading to early death.

Progeria is linked to a gene coding for lamin A. Mutations in this gene reduce the rigidity of the nuclear envelope. The team found that expression of mutant lamin A is sufficient to induce the tubules, which DNA damaging agents further boosted. The team thinks that even weak pressure on the nuclear envelope spurs the creation of tubules in premature aging cells.

The findings suggest that in progeria, DNA repair may be compromised by the presence of too many or poorly regulated tubules. The study results also have implications for many other clinical conditions, Mekhail says.

"It's exciting to think about where these findings will lead us next," says Mekhail. "We have excellent colleagues and incredible trainees here at Temerty Medicine and in our partner hospitals. We're already working toward following this discovery and using our work to create novel therapeutics."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240417120408.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Coral reef microbes point to new way to assess ecosystem health | ScienceDaily
A new study shows that ocean acidification is changing the mix of microbes in coral reef systems, which can be used to assess ecosystem health.


						
The study, published today in Microbiome, looked at coral reefs specifically, but the researchers say it could be widely applicable as a method for measuring how ecosystems are responding to human activities.

Understanding how ecosystems are changing in response to human activity allows predictions of their future, and how to conserve them. Although microbes are crucial for ecosystems -- supporting critical functions such as nutrition and immune system modulation -- changes in microbial communities are rarely measured when assessing ecosystem health.

The team, led by Imperial College London researchers, tested whether measuring changes across the whole community of larger (macro) organisms and microbes together could provide a novel measurement of stress on coral reefs. In these ecosystems, microbes are particularly important and live not only on the macro-organisms, but also in the surrounding sediment and water.

Coral and carbon dioxide

Some reefs grow near natural carbon dioxide (CO2) vents on the ocean floor, which can be used to understand the response of reefs to future oceanic CO2 conditions, and resultant acidification, caused by human activities. The researchers visited such CO2 vents in Papua New Guinea and used Autonomous Reef Monitoring Structures (ARMS) to collect samples of organisms and sediments from areas of varying CO2.

They used genetic sequencing and mass spectrometry to determine the microbes and metabolites (small molecules produced by organisms that have various ecological functions) present in each sample.




They found that as the amount of CO2 in the ocean increased, the microbes and metabolites found in the community of reef macro-organisms became more similar to those in the sediment, referred to as a decline in 'holobiont community distinctness'.

The findings suggest that the way microbial communities hosted by macro-organisms change could be used as early indicator of ecosystem stress. They also highlight the importance of taking an 'ecosystem approach' to understanding the impact of human stressors.

Ecosystem stress

The new result is only for one ecosystem under one source of stress (acidification), so the team are now testing this approach across more than 80 reef sites around the world that are subject to varying human pressures.

First author Jake Williams, from the Department of Life Sciences at Imperial and ZSL's Institute of Zoology, said: "Intensifying human activity and the climate crisis are increasing stress on ecosystems across the globe. But we lack general and robust ways of monitoring this stress and how ecosystems are responding.

"Our findings suggest the possibility of developing such general and robust metrics based on the relationships between microbes and chemicals inside and outside organisms. Ideally, these metrics shouldn't depend on what type of ecosystem you are looking at, but be applicable in every system from coral reefs to rainforests."

Lead researcher Dr Emma Ransome, from the Department of Life Sciences at Imperial, added: "A holistic approach is needed to accurately evaluate and predict impacts on coral reefs. Microbes are a vastly important and overlooked component of all of our ecosystems and a crucial tool for understanding environmental outcomes and achieving an environmentally sustainable future."
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Researchers discover urine-based test to detect head and neck cancer | ScienceDaily
Researchers from the University of Michigan Health Rogel Cancer Center have created a urine-based test that detects pieces of DNA fragments released by head and neck tumors. The test could potentially facilitate early detection of this cancer type, which currently does not have a reliable screening method.


						
Human papillomavirus (HPV) is widely recognized for causing cervical cancer, but is increasingly found to cause cancers in the mouth, throat and other head and neck regions.

Early detection is critical because detecting a cancer at an earlier stage can lead to better outcomes for patients.

Using whole genome sequencing, the Rogel group showed that cell-free DNA fragments released by tumor cells, which are passed on from the bloodstream into urine through the kidneys, are predominantly ultra-short, with fewer than 50 base pairs. Given their small size, these fragments are likely to be missed using conventional urine or blood-based liquid biopsy tests in detecting circulating tumor DNA (ctDNA).

The research was led by Muneesh Tewari, M.D., Ph.D., professor of hematology and oncology, J. Chad Brenner, Ph.D., associate professor of otolaryngology-head and neck surgery, and Paul L. Swiecicki, M.D., associate medical director for the Oncology Clinical Trials Support Unit at Rogel. Initial results are published in JCI Insight.

"In this study we provide evidence to support the hypothesis that conventional assays do not detect ultrashort fragments found in urine, since they are designed to target longer DNA fragments. Our team used an unconventional approach to develop a urine test for HPV-positive head and neck cancer ctDNA detection," said study co-first author and research specialist Chandan Bhambhani, Ph.D.

Still in the discovery phase, this mail-in test has already been distributed for research purposes to patients within a hundred-plus miles from Ann Arbor, allowing scientists to gather significant data on the efficacy of the at-home kit. Participants collect a urine sample and have it shipped back to the U-M laboratory, where the testing can be done to detect the presence or absence of head and neck cancer.




"One of the most remarkable outcomes of this study is that the test that has been developed has detected cancer recurrences far earlier than would typically happen based on clinical imaging. As such, these promising results have given us the confidence to broaden the scope of the study, seeking to expanding distribution even further," said Brenner, co-senior author of the study.

While initial studies have focused on head and neck cancer, the paper also describes a new method that could be applied to expand the test to detect other cancers as well. For example, the authors show that the test can detect ctDNA in the urine of patients with breast cancer and acute myeloid leukemia. This suggests new opportunities to also study the application of urine-based testing for these additional cancers.

"Many people are not aware that urine carries information about many different cancer types, although it is made in the kidneys. Our findings about the difference in ctDNA fragment sizes and the test we developed for HPV-positive head and neck cancer detection provide crucial information on how urine-based diagnostic assays can be developed for different cancers," Bhambhani said. "Further, these types of tests are likely to have a much higher compliance in patients requiring follow-up testing post treatment, due to the convenience of self-collection of samples, when compared to blood-based assays."

Funding: NIH grants R33 CA229023, R21 CA225493; NIH/National Cancer Institute grants U01 CA183848, R01 CA184153, and P30CA046592; American Cancer Society RSG-18-062-01-TBG; American Cancer Society Mission Boost grant MBGI-22-056-01-MBG; and the A. Alfred Taubman Medical Research Institute.

Authors: Chandan Bhambhani, Qing Kang, Daniel H. Hovelson, Erin Sandford, Mary Olesnavich, Sarah M. Dermody, Jenny Wolfgang, Kirsten L. Tuck, Collin Brummel, Apurva D. Bhangale, Kuang He, Marc G. Gutierrez, Ryan H. Lindstrom, Chia-Jen Liu, Melissa Tuck, Malathi Kandarpa, Michelle Mierzwa, Keith Casper, Mark E. Prince, John C. Krauss, Moshe Talpaz, N. Lynn Henry, Maria D. Giraldez, Nithya Ramnath, Scott A. Tomlins, Paul L. Swiecicki, J. Chad Brenner, and Muneesh Tewari
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Reproductive success improves after a single generation in the wild for descendants of some hatchery-origin Chinook salmon | ScienceDaily
Researchers who created "family trees" for nearly 10,000 fish found that first-generation, wild-born descendants of hatchery-origin Chinook salmon in an Oregon river show improved fitness.


						
The finding, based on data collected over 13 years, is encouraging for Chinook salmon recovery efforts, said Kathleen O'Malley, an associate professor at Oregon State University and the study's senior author. In this study, fitness is measured by the number of adult offspring a fish produces, with higher fitness leading to more offspring.

"Previous studies have shown that hatchery-origin Chinook salmon have lower reproductive success relative to their natural-origin counterparts when they spawn in the wild, but this study looks beyond that," said O'Malley, who directs the State Fisheries Genomics Lab.

"While our work doesn't contradict the earlier findings, we found that the first-generation descendants of these hatchery-origin Chinook salmon produced more offspring than hatchery-origin salmon spawning alongside them in the river, meaning that reproductive success may improve in the wild as quickly as it declines in the hatchery."

The results were just published in the journal Evolutionary Applications. The paper's lead author is David Dayan, who was a faculty research assistant in O'Malley's lab and now works for the U.S. Fish and Wildlife Service.

Spring Chinook salmon in the Upper Willamette River are listed as threatened under the federal Endangered Species Act. The McKenzie River, a tributary to the Upper Willamette River, has historically supported one of the largest populations of spring Chinook salmon, and today supports a large portion of the natural-origin spring Chinook salmon in the Upper Willamette Basin.

Cougar Dam on the South Fork McKenzie River blocks about 40 kilometers of historical spawning habitat within the McKenzie sub-basin. At the base of the dam, an adult fish collection facility, constructed in 2010, allowed fisheries managers to collect and reintroduce returning adult Chinook salmon above the dam.




Researchers collected tiny fin samples from salmon arriving at the collection facility over the years and used them to determine parent and offspring relationships and quantify their numbers.

"Essentially, we created family trees for each fish, similar to how you would trace your own ancestry using a DNA service," O'Malley said. "We were able to create a pedigree for nearly 10,000 fish in this system."

They found that first-generation, wild-born descendants of two hatchery-origin fish produced significantly more adult offspring than hatchery-origin salmon that spawned alongside them in the river. These first-generation descendants produced similar numbers of offspring to natural-origin fish.

"Attempts to recover or reintroduce a population using wild salmon are often limited by the lack of a healthy nearby donor population," O'Malley said.

The findings offer hope that naturally spawning Chinook salmon populations can be established from hatchery-origin salmon and that reestablished populations may experience generational increases in fitness as they spawn naturally in the wild.

The researchers' study design did not allow them to determine what led to the increase in fitness between the first generation, wild-born salmon and the hatchery-origin salmon.




"We don't know if it's genetic, if it's the environment or if the two interact," O'Malley said.

Concerns remain over the risk hatchery-origin salmon pose to the genetic integrity and productivity of natural populations. Continued interbreeding between hatchery-origin and natural-origin salmon could contribute to a decline in overall fitness for the natural-origin fish, unless the level of interbreeding is carefully managed, she said.

The study's authors also cautioned that their conclusions may not apply to other river systems that have reduced natural production or historical transfers of non-local origin salmon stock; the conclusions also may not apply to other species, such as steelhead. In addition, practices specific to the McKenzie River hatchery may have maintained adaptive genetic diversity and the capacity for increased fitness among the wild-born descendants of hatchery-origin salmon.

Nonetheless, the study's findings offer encouraging news for the use of hatchery salmon in support of conservation and recovery efforts, O'Malley said.

O'Malley, Dayan and coauthor Cristin Fitzpatrick are all affiliated with OSU's Coastal Oregon Marine Experiment Station, which is part of the College of Agricultural Sciences and based at Hatfield Marine Science Center in Newport.

Additional coauthors include Nicholas Sard of the State University of New York -- Oswego; Marc Johnson, formerly of the Oregon Department of Fish and Wildlife and now with the National Marine Fisheries Service; and Ryan Couture of the Oregon Department of Fish and Wildlife.
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Researchers shine light on rapid changes in Arctic and boreal ecosystems | ScienceDaily
Arctic and boreal latitudes are warming faster than any other region on Earth. In three new studies, Earth system scientists at the University of California, Irvine report how the ecosystems in these regions are changing.


						
In a study published in Global Change Biology, a team led by Earth system science Ph.D. candidate Jinhyuk Kim from the lab of James Randerson, professor of Earth system science, reveals how wildfires are increasing rates of photosynthesis in Canada and Alaska.

They find that increasing wildfires are wiping out black spruce forests that grow relatively slowly and contribute to the organic layer of the underlying soils. In many areas, deciduous shrubs and trees, like willow and aspen, are moving in after a fire. These plants have a much higher metabolism, meaning they can establish themselves faster than spruce.

In 2023, Canada saw its most devastating wildfire season, with over 46 million acres burned. The authors' work suggests that these fires may accelerate changes in northern forests that are already underway due to climate change.

"We're seeing higher levels of photosynthesis that persist for decades after fire," said Kim. "Instead of the evergreen conifer forest coming back right away, in some regions, we see a long-term replacement of these forests with faster-growing species."

The more photosynthesis there is, the more plants can remove carbon dioxide from the atmosphere. One assumption is that this might create a sink for carbon dioxide and help temper global warming.

"But because you've combusted the carbon stored in the plants and their organic soils, even the increase in photosynthesis we observe doesn't necessarily translate into more carbon storage in the long run," Kim said. "The increasing trends in wildfire have significant implications for forest species composition and ecosystem function but likely negatively affect the land carbon sink. This is why it's important to study how the changing landscape from wildfire and warming influences different aspects of land carbon cycling."

To measure the changing rate of photosynthesis in the boreal plants, Kim and his team used data from Orbiting Carbon Observatory 2 satellites that track the fluorescence of plants to use as a proxy for photosynthesis.




"It's a more recent measurement that we've been able to observe globally," said Kim, who explained that using fluorescence measurements is a novel approach to measuring photosynthesis. "We also have this long land cover time series from Landsat, and we can look at how fires are changing the land plant cover and then tie it to changes in the solar-induced fluorescence signal. We find that wildfires are changing the land cover, which, in turn, can enhance the seasonality of carbon fluxes at large spatial scales."

Kim added that it's a sign of unstable ecosystems in which the types of plants in the region are rapidly changing.

In another study from a team led by Earth system science Ph.D. candidate Allison Welch, researchers describe what kind of plants are expanding into the Arctic and alpine tundra.

"With increasing temperatures and wildfire activity, we're seeing increased growth of bigger, deciduous shrubs," Welch said, whose team studied five different alpine tundra sites for the research, which appears in Arctic, Antarctic, and Alpine Research.

"We found increased shrub growth of a specific species called alder," said Welch, who works in the lab of Claudia Czimczik, professor of Earth system science. "And just increased vegetation productivity in general at these sites."

Welch's team also reported a decrease in the thickness of the organic layer -- the uppermost layer of soil characterized by high organic carbon content -- at their tundra sites. Shallower organic layers, Welch explained, means there is less insulation for the underlying Arctic permafrost. Permafrost carries vast reserves of frozen organic matter, which, if thawed, may decompose and release planet-warming gases like carbon dioxide into the atmosphere. "If you have a healthy organic layer, you're likely going to promote permafrost stability," said Welch."

In the third study, published in Geophysical Research Letters, a team led by Ph.D. candidate Hui Wang, who works in the Department of Earth System Science with Prof. Alex Guenther, obtained field measurements and then ran computer simulations to describe how, as Arctic ecosystems experience a warming climate, emissions of the molecule isoprene are escalating at rates that are far higher than anticipated.




"This change will indirectly change the climate," said Wang. That's because isoprene affects the formation of ozone, aerosols and levels of methane in the air. Aerosols affect the formation of clouds, which can, in turn, influence the local climate. And plants, Wang explained, release more isoprene when the weather is warmer.

The changes reported in the studies point toward Arctic-boreal ecosystems that are rapidly changing in response to wildfires and warming.

"These three studies are examples of how the Arctic is changing more rapidly than previously expected," said Czimczik, a co-author on Welch's paper. "Increasing wildfire activity, via its effect on vegetation composition, has the potential to accelerate permafrost thaw beyond the rates we expected from changing climate."

"We can see the environment is unstable, and that there are complex interactions from not only the changing plant communities but the responses of those plants to the rapidly changing climate. These have consequences for the environment and the overall Earth system, so it's something important that we need to understand better," Kim said.
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'Nanostitches' enable lighter and tougher composite materials | ScienceDaily
To save on fuel and reduce aircraft emissions, engineers are looking to build lighter, stronger airplanes out of advanced composites. These engineered materials are made from high-performance fibers that are embedded in polymer sheets. The sheets can be stacked and pressed into one multilayered material and made into extremely lightweight and durable structures.


						
But composite materials have one main vulnerability: the space between layers, which is typically filled with polymer "glue" to bond the layers together. In the event of an impact or strike, cracks can easily spread between layers and weaken the material, even though there may be no visible damage to the layers themselves. Over time, as these hidden cracks spread between layers, the composite could suddenly crumble without warning.

Now, MIT engineers have shown they can prevent cracks from spreading between composite's layers, using an approach they developed called "nanostitching," in which they deposit chemically grown microscopic forests of carbon nanotubes between composite layers. The tiny, densely packed fibers grip and hold the layers together, like ultrastrong Velcro, preventing the layers from peeling or shearing apart.

In experiments with an advanced composite known as thin-ply carbon fiber laminate, the team demonstrated that layers bonded with nanostitching improved the material's resistance to cracks by up to 60 percent, compared with composites with conventional polymers. The researchers say the results help to address the main vulnerability in advanced composites.

"Just like phyllo dough flakes apart, composite layers can peel apart because this interlaminar region is the Achilles' heel of composites," says Brian Wardle, professor of aeronautics and astronautics at MIT. "We're showing that nanostitching makes this normally weak region so strong and tough that a crack will not grow there. So, we could expect the next generation of aircraft to have composites held together with this nano-Velcro, to make aircraft safer and have greater longevity."

Wardle and his colleagues have published their results today in the journal ACS Applied Materials and Interfaces. The study's first author is former MIT visiting graduate student and postdoc Carolina Furtado, along with Reed Kopp, Xinchen Ni, Carlos Sarrado, Estelle Kalfon-Cohen, and Pedro Camanho.

Forest growth

At MIT, Wardle is director of the necstlab (pronounced "next lab"), where he and his group first developed the concept for nanostitching. The approach involves "growing" a forest of vertically aligned carbon nanotubes -- hollow fibers of carbon, each so small that tens of billions of the nanotubes can stand in an area smaller than a fingernail. To grow the nanotubes, the team used a process of chemical vapor deposition to react various catalysts in an oven, causing carbon to settle onto a surface as tiny, hair-like supports. The supports are eventually removed, leaving behind a densely packed forest of microscopic, vertical rolls of carbon.




The lab has previously shown that the nanotube forests can be grown and adhered to layers of composite material, and that this fiber-reinforced compound improves the material's overall strength. The researchers had also seen some signs that the fibers can improve a composite's resistance to cracks between layers.

In their new study, the engineers took a more in-depth look at the between-layer region in composites to test and quantify how nanostitching would improve the region's resistance to cracks. In particular, the study focused on an advanced composite material known as thin-ply carbon fiber laminates.

"This is an emerging composite technology, where each layer, or ply, is about 50 microns thin, compared to standard composite plies that are 150 microns, which is about the diameter of a human hair. There's evidence to suggest they are better than standard-thickness composites. And we wanted to see whether there might be synergy between our nanostitching and this thin-ply technology, since it could lead to more resilient aircraft, high-value aerospace structures, and space and military vehicles," Wardle says.

Velcro grip

The study's experiments were led by Carolina Furtado, who joined the effort as part of the MIT-Portugal program in 2016, continued the project as a postdoc, and is now a professor at the University of Porto in Portugal, where her research focuses on modeling cracks and damage in advanced composites.

In her tests, Furtado used the group's techniques of chemical vapor deposition to grow densely packed forests of vertically aligned carbon nanotubes. She also fabricated samples of thin-ply carbon fiber laminates. The resulting advanced composite was about 3 millimeters thick and comprised 60 layers, each made from stiff, horizontal fibers embedded in a polymer sheet.




She transferred and adhered the nanotube forest in between the two middle layers of the composite, then cooked the material in an autoclave to cure. To test crack resistance, the researchers placed a crack on the edge of the composite, right at the start of the region between the two middle layers.

"In fracture testing, we always start with a crack because we want to test whether and how and how far the crack will spread," Furtado explains.

The researchers then placed samples of the nanotube-reinforced composite in an experimental setup to test their resilience to "delamination," or the potential for layers to separate.

"There's lots of ways you can get precursors to delamination, such as from impacts, like tool drop, bird strike, runway kickup in aircraft, and there could be almost no visible damage, but internally it has a delamination," Wardle says. "Just like a human, if you've got a hairline fracture in a bone, it's not good. Just because you can't see it doesn't mean it's not impacting you. And damage in composites is hard to inspect."

To examine nanostitching's potential to prevent delamination, the team placed their samples in a setup to test three delamination modes, in which a crack could spread through the between-layer region and peel the layers apart or cause them to slide against each other, or do a combination of both. All three of these modes are the most common ways in which conventional composites can internally flake and crumble.

The tests, in which the researchers precisely measured the force required to peel or shear the composite's layers, revealed that the nanostitched held fast, and the initial crack that the researchers made was unable to spread further between the layers. The nanostitched samples were up to 62 percent tougher and more resistant to cracks, compared with the same advanced composite material that was held together with conventional polymers.

"This is a new composite technology, turbocharged by our nanotubes," Wardle says.

The researchers envision that any vehicle or structure that incorporates conventional composites could be made lighter, tougher, and more resilient with nanostitching.

"You could have selective reinforcement of problematic areas, to reinforce holes or bolted joints, or places where delamination might happen," Furtado says. "This opens a big window of opportunity."
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Trash to treasure -- researchers turn metal waste into catalyst for hydrogen | ScienceDaily
Scientists have found a way to transform metal waste into a highly efficient catalyst to make hydrogen from water, a discovery that could make hydrogen production more sustainable.


						
A team of researchers from the University of Nottingham's School of Chemistry and Faculty of Engineering have found that the surface of swarf, a byproduct of the metal machining industry, is textured with tiny steps and grooves on a nanoscale level. These textures can anchor atoms of platinum or cobalt, leading to an efficient electrocatalyst that can split water into hydrogen and oxygen. The research has been published in the Journal of Material Chemistry A of the Royal Society of Chemistry.

Hydrogen is a clean fuel that can be used to generate heat or power vehicles, and the only byproduct of its combustion is water vapor. However, most hydrogen production methods rely on fossil fuel feedstock. Electrolysis of water is one of the most promising green pathways for hydrogen production, as it only requires water and electricity.

The industry is facing a challenge with water electrolysis, as this process requires rare and expensive elements like platinum to catalyse the water splitting. With the limited global supply and increasing prices of precious metals, there is an urgent need for alternative electrocatalyst materials to produce hydrogen from water.

Dr Jesum Alves Fernandes, School of Chemistry, University of Nottingham, who led the research team, said: "Industries in the UK alone generate millions of tons of metal waste annually. By using a scanning electron microscope, we were able to inspect the seemingly smooth surfaces of the stainless steel, titanium, or nickel alloy swarf. To our astonishment, we discovered that the surfaces had grooves and ridges that were only tens of nanometres wide. We realized that this nanotextured surface could present a unique opportunity for the fabrication of electrocatalysts."

The researchers used magnetron sputtering to create a platinum atom "rain" on the swarf's surface. These platinum atoms then come together into nanoparticles that fit snugly into the nanoscale grooves.

Dr Madasamy Thangamuthu, a Postdoctoral Researcher at the University of Nottingham who was responsible for the analysis of the structure and electrocatalytic activity of the new materials, says: "It is remarkable that we are able to produce hydrogen from water using only a tenth of the amount of platinum loading compared to state-of-the-art commercial catalysts. By spreading just 28 micrograms of the precious metal over 1 cm2 of the swarf, we were able to create a laboratory-scale electrolyser that operates with 100% efficiency and produces 0.5 litres of hydrogen gas per minute just from a single piece of swarf."

The group is partnering with AqSorption Ltd, a Nottingham-based company specialising in electrolyser design and fabrication to scale up their technology. Professor Andrei Khlobystov, School of Chemistry, University of Nottingham, said: "The electrocatalysts made from swarf have the potential to greatly impact the economy. Our unique technology developed at Nottingham, which involves atom-by-atom growth of platinum particles on nanotextured surfaces, has solved two major challenges. Firstly, it enables the production of green hydrogen using the least amount of precious metal possible, and secondly, it upcycles metal waste from the aerospace industry, all in a single process."

The Zero Carbon Cluster has been set in the East Midlands to accelerate the development and deployment of innovation in green industries and advanced manufacturing.

Professor Tom Rodden, PVC for Research & Knowledge Exchange at the University of Nottingham says: "Developing hydrogen propulsion systems can be a significant step towards addressing some of the world's most pressing zero-carbon challenges, especially for the transport and manufacturing industries. However, this strategy's success depends on producing green hydrogen sustainably, such as through water splitting via electrolysis, and this, in turn, requires advancements in materials design."
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Nanoparticle delivery of FZD4 to lung endothelial cells inhibits lung cancer progression and metastases | ScienceDaily
A recent breakthrough study from the lab of Tanya Kalin, MD, PhD, professor of Child Health and Internal Medicine at the University of Arizona College of Medicine -- Phoenix, has shown potential to improve therapeutic outcomes for patients suffering from lung cancers.


						
"We have identified the novel protein FOXF1 that stabilizes blood vessels inside the lung tumors, decreases intertumoral hypoxia and prevents lung cancer metastases," explained Dr. Kalin, the senior author on this study.

Lung cancer remains the leading cause of cancer-related mortality worldwide, according to the American Lung Association. In 2021 alone, the disease accounted for 22% of all cancer deaths. With less than a 20% five-year survival rate for patients with advanced non-small cell lung cancers, a promising treatment approach like this is desperately needed.

In pursuit of more therapeutic approaches, the Dr. Kalin's lab developed a nanoparticle delivery system to successfully deliver FZD4 to pulmonary endothelium, which decreased lung tumor growth and metastasis in pre-clinical models of lung cancer. Thus, increasing levels of FOXF1 or FZD4 -- either genetically or via gene therapy -- shows promise to improve therapeutic outcomes in lung cancer patients.

The studies from Dr. Kalin's group support the use of FOXF1 -- or FZD4-activating -- therapies to enhance the delivery of chemotherapeutic agents or immune checkpoint inhibitors during lung cancer treatment.

"Since targeting the FOXF1/FZD4 signaling using gene therapy had efficiently decreased lung cancer progression and normalized tumor blood vessels, our next step will be to develop pharmacological approach to activate this signaling pathway and to move this therapy into clinical trials," Dr. Kalin said.

Dr. Kalin, who also serves as vice chair of translational research for Phoenix Children's Center for Cancer and Blood Disorders, published the findings in EMBO Molecular Medicine.The manuscriptdemonstrated that FOXF1 is expressed in normal lung endothelial cells, but it is decreased in the tumor-associated vasculature of lung cancers. Using the Cancer Genome Atlas datasets, they showed that lung cancer patients with higher FOXF1 mRNA expression had increased survival compared to those with lower FOXF1 levels.

Dr. Kalin and her team then actively removed the FOXF1 gene from endothelial cells, using gene-editing technology. The effects of this were staggering. Removal of FOXF1 in their models promoted lung tumor growth and metastasis; caused functional and structural abnormalities in tumor vasculature; and led to a lack of frizzled-4 (FZD4) -- a gene that participates in the Wnt/b-catenin signaling pathway, enacting a series of steps that affect the way cells and tissues develop.

Next, they increased FOXF1 gene expression in endothelial cells using a transgenic model of lung cancer. By increasing FOXF1 levels, they effectively inhibited lung tumor growth and metastasis, and stabilized tumor-associated blood vessels. They have also shown that FOXF1 directly activated FZD4, one of the Wnt/b-catenin signaling receptors.
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CO2 worsens wildfires by helping plants grow | ScienceDaily
By fueling the growth of plants that become kindling, carbon dioxide is driving an increase in the severity and frequency of wildfires, according to a UC Riverside study.


						
The worldwide surge in wildfires over the past decade is often attributed to the hotter, drier conditions of climate change. However, the study found that the effect of increasing levels of carbon dioxide (CO2) on plants may be a bigger factor.

"It's not because it's hotter that things are burning, it's because there's more fuel, in the form of plants," said UCR doctoral student in Earth and planetary sciences and study author James Gomez.

This conclusion, and a description of the eight model experiments that produced it, have been published in Communications Earth & Environment.

To convert light into food in a process called photosynthesis, plants require CO2. Burning fossil fuels for heat, electricity, and transportation is adding increasing levels of CO2 into the atmosphere. Plants use the extra CO2 to make carbohydrates that help them grow, leading to an increase in biomass that burns.

Certainly, heat waves and drought occur more frequently in today's climate than they did 50 years ago. These are conditions that cause plants to wither and die. As they dry out and die, they burn more easily. The models accounted for these effects on plants, as well as for different types of plants, and for the increase in atmospheric CO2.

"Warming and drying are still important fire factors. These are the conditions that make the extra plant mass more flammable," said UCR professor of Earth sciences Robert Allen.




The models analyzed by the research team all assumed an idealized 1% per year increase in atmospheric CO2 concentrations since 1850. The idealized increase is meant to isolate the effects of the greenhouse gas on wildfire activity.

"These experiments are mainly looking at the contribution of CO2 to changes in wildfire activity," Gomez said. "That's the only thing that's changing in these models. Other drivers of climate change and wildfire activity do not change through time," Gomez said. "This includes, for example, changes in other greenhouse gases like methane, as well as changes in land use."

Seasons are still important factors in promoting wildfires, and fires still occur more often during "fire seasons." Dry, windy conditions help spread the flames faster, increasing the size of the burned area. "However, our study shows the increase in fires during hotter seasons is driven by fuel load rather than an increase in the number of what some consider 'fire weather' days," Gomez said.

This means megafires can often happen outside of what is considered fire season. As an example, the biggest wildfire on record in Texas, with more than a million acres burned, occurred this past February.

The researchers hope that their results inspire others to conduct additional studies of the factors driving the increase in wildfires. In addition, they hope that policymakers recognize the urgent need to decrease the amount of CO2 that people release into the atmosphere.

"We do need to implement better fire control and have more prescribed burns to use up plant fuel. We need to get rid of the old stuff," Gomez said. "But the best way to decrease wildfires is to mitigate our carbon dioxide emissions. We need more emission control now."
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Huge database gives insight into salmon patterns at sea | ScienceDaily
A massive new analysis of high seas salmon surveys is enhancing the understanding of salmon ecology, adding details about where various species congregate in the North Pacific Ocean and their different temperature tolerances.


						
The project, led by researchers at the University of Alaska Fairbanks, integrates numerous international salmon studies from the North Pacific dating back to the 1950s. Although many individual reports were published by nations and agencies that funded those efforts, they were never fully compiled into an overarching database or analyzed comprehensively at this scale. This new research effort builds upon the extensive and valuable past body of work on the marine component of the salmon life cycle.

Together the data represent a trove of more than 44,000 high seas survey gear hauls across the North Pacific, netting over 14 million salmon. That ocean-based data also provides a contrast from the bulk of salmon research, which tends to focus on river habitat.

"This is a portion of the salmon life cycle that arguably gets overlooked, at least in terms of the grand investment in salmon research," said Curry Cunningham, an assistant professor at UAF's College of Fisheries and Ocean Sciences. "As someone who always wondered where all these fish went when they left Bristol Bay, seeing that pattern come to life was so satisfying."

Although methods and data varied among the studies, they consistently noted the water temperature and location where salmon were caught. That data allowed the research team to create maps with unprecedented detail showing the areas that various salmon species occupy while at sea.

For example, the maps highlight a hotspot for Chinooks gathering in the Bering Sea. They chart a path that maturing sockeye tend to take from the North Pacific and Gulf of Alaska toward the Alaska Peninsula, traveling through passes into the Bering Sea outside Bristol Bay throughout the spring and summer.

"It's not as if all these salmon are going to some party in the middle of the Pacific," said lead author Joe Langan, who worked on the project as a postdoctoral fellow at UAF. "This gives us a broad look at where they go."

The study also produced more evidence that cold-water tolerance varies significantly among salmon species. Sockeye and chum salmon were commonly found in temperatures down to just a few degrees above freezing, while coho and steelhead were absent from the coldest areas. Chinook and pink salmon lived in the middle of those ranges.




Those tendencies are likely to influence which species will be most capable of shifting to colder waters as their traditional ranges are warmed by climate change, Cunningham said.

The heart of the dataset is from the 1950s to the 1990s, and the research required digging up forgotten reports from varying sources. Skip McKinnell, a retired Department of Fisheries and Oceans Canada researcher and expert in high seas salmon research, participated in some of the earlier surveys. He helped dredge up, compile and standardize many of those older reports.

"It was more of a search and rescue mission rather than convincing anyone to provide their data," Langan said.

The project was funded by the National Oceanic and Atmospheric Administration's Office of Law Enforcement, which hopes to use information about where salmon are concentrated at sea to help curb illegal fishing. The centralized database will be housed by the North Pacific Anadromous Fish Commission and made publicly available.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240416214619.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Following cellular lineage | ScienceDaily
A group of researchers at University of California San Diego School of Medicine led an investigation that offers new insight into the development of the human forebrain.


						
The study, led by Changuk Chung, Ph.D., and Xiaoxu Yang, Ph.D., both from the laboratory of Joseph G. Gleeson, M.D., at the School of Medicine Department of Neurosciences and the Rady Children's Institute for Genomic Medicine, provide a greater understanding of how the human brain develops at the cellular level.

The study also presents evidence for the existence of the source of inhibitory neurons (dInNs) in the human brain that differ from origins in other species like mice, a common lab animal used in brain studies. The group outlined their findings in a paper recently published in the journal Nature.

The forebrain, or cerebral cortex, is the largest part of the brain, important for a wide range of function, ranging from cognitive thought, vision, attention and memory. Neurons are cells that serve as the individual circuits of the brain. Inhibitory neurons usually function as a kind of neural "off" switch, as opposed to the "on" switch of excitatory neurons.

"Humans have a very large and wrinkled cortex that likely supports higher cognitive functions compared with other species, such as rodents," Gleeson explained.

He said that the inhibitory neurons in mice have an origin from deep within the developing brain. The current study puts that model to test by assessing cellular lineage. They found existence of dInNs, which are absent in mice. He said finding evidence for this specific type of neuron in humans opens the door to greater understanding how the human brain is special.

"We expect dInNs to support new, more accurate, models of human brains," Gleeson said. "This updated brain model may help explain the origins of certain conditions like epilepsy, schizophrenia or autism."

The group was especially interested in following the lineage trail of mosaic variants of brain cells. "If two cells share the same mother cell, we say they have the same lineage," Chung said.




"If two individual cells have a same mosaic variant, they were born from a common mother cell that passed it to all of its daughters," Yang explained. "So, mosaic variants in cells function like family names in people."

The researchers directly accessed brains from two neurotypical donors who died from natural causes. They used mosaic variants to trace where these cells came from, to identify sister cells born in the same brain region, and to determine how far each "family name" spread across the brain.

They revealed that some inhibitory and excitatory neurons essentially have the same family name, which Chung said means the two types of neurons share lineage. The two types likely branched in a late moment of embryonic cerebral development, he added, noting that such a cellular relationship is not present in other species.

"We hope our paper helps other researchers generate better models of neurological disease, and which types of brain diseases can result from impaired development," Gleeson concluded.

In addition to Changuk Chung, Xiaoxu Yang and Joseph G. Gleeson, co-authors at University of California San Diego are: Robert F. Hevner, Sanford Consortium for Regenerative Medicine, School of Medicine Department of Pathology; Keng Ioi Vong, School of Medicine Department of Neurosciences, and Rady Children's Institute for Genomic Medicine; Yang Liu, School of Medicine Department of Neurosciences and Rady Institute; Arzoo Patel, School of Medicine Department of Neurosciences, and Rady Institute; Rahul Nedunuri, School of Medicine Department of Neurosciences, and Rady Institute; Scott T. Barton, School of Medicine Division of Medical Education; Geoffroy Noel, School of Medicine Division of Anatomy; Chelsea Barrows, School of Medicine Department of Neurosciences, and Rady Institute; Valentina Stanley, School of Medicine Department of Neurosciences, and Rady Institute; Swapnil Mittal, School of Medicine Department of Neurosciences, and Rady Institute; Johannes C.M. Schlachetzki, School of Medicine Department of Neurosciences, and Department of Cellular and Molecular Medicine.

Other co-authors are: Stephen F. Kingsmore, Rady Children's Institute for Genomic Medicine; Katie Kennedy, BioSkryb Genomics Inc.; Martin W. Breuss, Department of Pediatrics, Section of Clinical Genetics and Metabolism, University of Colorado Aurora.

This work was supported by National Institute of Mental Health (NIMH) grants U01MH108898, R01MH124890 and R21MH134401; a Larry L. Hillblom Foundation Grant; a Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD) grant K99HD111686; a 2021 NARSAD Young Investigator Grant from the Brain & Behavior Research Foundation; and the Rady Children's Institute for Genomic Medicine.
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Gender stereotypes in schools impact on girls and boys with mental health difficulties, study finds | ScienceDaily
Gender stereotypes mean that girls can be celebrated for their emotional openness and maturity in school, while boys are seen as likely to mask their emotional distress through silence or disruptive behaviours.


						
Children and teachers who took part in the study said they feared the mental health needs of boys might be missed at school, which makes them an 'at risk' group.

Researchers have warned of the negative impacts on girls where the manifestation of emotional distress such as crying or self-harm could become "feminised and diminished," so taken less seriously.

They have called for increased awareness of the role of gender in mental health services offered in schools and resultant inequalities.

The study was carried out by Lauren Stentiford, George Koutsouris, Tricia Nash and Alexandra Allan from the School of Education at the University of Exeter. They interviewed pupils at two secondary schools in England to ask them: 'Do you think that girls and boys experience mental health in the same way?'

One school was a mixed grammar school in a predominantly white, middle-class rural area and another was a mixed comprehensive school in a predominantly white, working-class urban area. The research took place in autumn 2022.

Researchers spoke to 34 students aged between 12 and 17. Seventeen students identified as female, 12 as male, and 5 as gender diverse. They also interviewed 18 members of staff, including a headteacher, school counsellor, SENCO, and classroom teacher.




The majority -- 43 out of 52 -- felt girls and boys experienced mental health in different ways because of stereotypes that girls are open about their emotions, but boys will hide them.

One pupil, Willow, said: "Girls are more inclined I feel to talk to each other about [mental health] because we're not told to repress our emotions." Another, Kayla, said: "Boys just don't, they barely tell anyone anything that they don't want to talk about because they feel like they'll be looked at and be told the phrase 'man up' or 'boys don't cry."

The phrase 'man up' was referenced multiple times by different staff members and students in both schools.

Participants spoke of persistent and troublesome expectations that boys should not show their emotions.

Dr Stentiford said: "There was a perception that girls are at an advantage over boys in receiving mental health support.

"Students and staff members tended to position girls as above boys in the hierarchy for mental health support because of their perceived emotional openness. Girls were seen as being more emotionally mature than boys and would actively look for help when they needed it.




"There was also evidence of participants understanding emotional distress as manifesting itself differently in girls and boys in school, with girls more likely to cry or withdraw, and boys more likely to engage in off-task or disruptive behaviours such as 'messing around' in class.

"The implications were that girls are seen as more likely to be identified quickly as in need of mental health support, whereas boys could be 'missed' because their disruptive behaviours are misinterpreted. Both girls and boys therefore remain 'trapped' in unhelpful gender stereotypes around mental health.

"The research suggests there is a new and emerging form of gender inequality, set against the context of a perceived growing mental health 'crisis' amongst young people.

"There are dangers around devaluing girls' wellbeing if 'emotional' girls are seen as unfairly advantaged and taking up time and support for mental health difficulties at the expense of boys, who are seen as particularly 'at risk' and a hidden problem."
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Real-time detection of infectious disease viruses by searching for molecular fingerprinting | ScienceDaily
A research team consisting of Professor Kyoung-Duck Park and Taeyoung Moon and Huitae Joo, PhD candidates, from the Department of Physics at Pohang University of Science and Technology (POSTECH) has engineered "broadband nanogap gold spectroscopic sensor" using a flexible material capable of bending to create a controlled gap. With the developed technology, it is possible to rapidly test various types of materials, including infectious disease viruses, using only a single nano-spectroscopic sensor to find molecular fingerprints.


						
The emergence of pandemic epidemics like COVID-19 has emphasized the necessity for rapid and precise analytical methods to prepare for potential future virus outbreaks. Raman spectroscopy, using gold nanostructures, offers information about the internal structure and chemical properties of materials by analyzing the distinct vibrations of molecules known as "molecular fingerprints," using light with remarkable sensitivity. Therefore, it could play a crucial role in determining the positivity of a virus.

However, conventional high-sensitivity Raman spectroscopy sensors detect only one type of virus with a single device, thus posing limitations in terms of productivity, detection speed, and cost when considering clinical applications.

The research team successfully fabricated a one-dimensional structure at the millimeter scale, featuring gold nanogaps accommodating only a single molecule with a tight fit. This advancement enables large-area, high-sensitivity Raman spectroscopic sensing. Furthermore, they effectively integrated flexible materials onto the substrate of the gold nanogap spectroscopic sensor. Finally, the team developed a source technology for a broadband active nano-spectral sensor, allowing tailored detection of specific substances using a single device, by widening the nanogap to the size of a virus and freely adjusting its width to suit the size and type of materials, including viruses.

Furthermore, they improved the sensitivity and controllability of the sensor by combining adaptive optics technology used in fields such as space optics, such as the James Webb Telescope. Additionally, they established a conceptual model for extending the fabricated one-dimensional structure into a two-dimensional spectroscopic sensor, theoretically confirming the ability to amplify Raman spectroscopic signals by up to several billion times. In other words, it becomes possible to confirm the positivity of viruses in real-time within seconds, a process that previously took days for verification.

The achievements of the research team, currently pending patent approval, are expected to be utilized for the rapid response through high-sensitivity real-time testing in the event of unexpected infectious diseases such as COVID-19, to prevent indiscriminate spread. Taeyoung Moon, lead author of the paper, emphasized the significance of their achievement by stating, "This not only advances basic scientific research in identifying unique properties of materials from molecules to viruses but also facilitates practical applications, enabling rapid detection of a broad spectrum of emerging viruses using a single, tailored sensor."

The collaborative research was jointly conducted with Professor Dai-Sik Kim's team from UNIST's Department of Physics and a team led by Professor Yung Doug Suh from UNIST's Department of Chemistry who is Deputy Director of Center for Multidimensional Carbon Materials at the Institute for Basic Science (IBS). Additionally, Yeonjeong Koo, Mingu Kang, and Hyeongwoo Lee from POSTECH's Department of Physics carried out measurements. The research findings have recently been published in the international journal Nano Letters.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240416214609.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New treatment method using plasma irradiation promotes faster bone healing | ScienceDaily
"Break a leg!" is a welcome blessing of good luck, but who wants to hear that they have actually broken a bone? What's worse, fractures that are displaced or complex require surgery and possibly lengthy recovery times while the patient remains partly or wholly immobilized.


						
Aiming to shorten recovery times, an Osaka Metropolitan University-led research group is focusing on plasma irradiation as a treatment method to speed up bone healing.

The Department of Orthopedic Surgery's Kosuke Saito, a graduate student in the Graduate School of Medicine, Associate Professor Hiromitsu Toyoda, and Professor Hiroaki Nakamura, and Graduate School of Engineering Professor Jun-Seok Oh were among the researchers who used laboratory rats for their experiment.

The researchers broke the legs of the rats in two ways. One group of 24 rats had normal fractures that are generally easy to heal. The other group of 20 rats had fractures known as non-union ones where healing is usually prolonged or does not happen. Some were then irradiated with non-thermal atmospheric-pressure plasma, which didn't offer the normal fracture group any significant advantages but boosted the healing and recovery time of the rats with non-union fractures. The strength of the healed areas of the irradiated non-union rats was also about 3.5 times stronger than that of the nonirradiated ones.

Furthermore, in vitro study of pre-osteoblastic cells irradiated with the plasma for 5 to 15 seconds showed that the activity of a protein that is an indicator of osteoblast differentiation increased, indicating that maturation of these bone-forming cells was progressing.

"Collaboration between the medical and engineering fields creates new medical technologies that have never before existed," Professor Toyoda declared. "In the future, combining this treatment method with current fracture treatments is expected to contribute to more reliable bone fusion and shorter recovery times."

Their findings are set for publication inPLOS ONEon April 16, 2024.
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Older males out-compete young males outside breeding pairs, bird study shows | ScienceDaily
Young male blue tits are less successful in fathering offspring outside their breeding pair, not because of a lack of experience, but because they are outcompeted by older males, Bart Kempenaers and colleagues from the Max Planck Institute for Biological Intelligence in Germany report in a study publishing April 16 in the open-access journal PLOS Biology.


						
Many birds form breeding pairs but will also mate and produce offspring outside of that pairing -- known as "extra-pair" paternity. Inexperienced males in their first year of breeding are less likely to father extra-pair offspring than adult males, but it is unclear whether their poor performance is because of competition with older males, or because of a lack of skills or experience.

Between 2007 and 2021, researchers studied the breeding behavior of a wild population of blue tits (Cyanistes caeruleus) living in nest boxes in a German forest, using radio-frequency identification technology, behavioral observations, and DNA testing. Then, in 2022, the team relocated almost all the adult males from the population. They compared the extra-pair breeding success of young males in this altered population with data from the previous 15 years. In the absence of competition from adult males, 33% of young males fathered at least one extra-pair offspring, compared to just 13% on average in years when adult males were present. Their extra-pair breeding success matched that of adult males in normal conditions.

These results suggest that young males' failure to father extra-pair offspring is due to competition with adult males, rather than a lack of experience or maturity. Adult males may outcompete young males for a variety of reasons. They might fare better in fights over females, they might invest more energy in extra-pair mating, females may find them more attractive, or a combination of these factors might be at play, the authors say.

The authors add, "Our study indicates that the generally observed low extra-pair siring success of first-year males is due to competition with older males. This age effect is thus mediated by the social environment, at least in the blue tit."
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Fires pose growing worldwide threat to wildland-urban interface | ScienceDaily
Fires that blaze through the wildland-urban interface (WUI) are becoming more common around the globe, a trend that is likely to continue for at least the next two decades, new research finds.


						
The research team, led by scientists at the U.S. National Science Foundation National Center for Atmospheric Research (NSF NCAR), used satellite observations and machine learning techniques to produce a unique database of WUI areas and fires worldwide, dating back about two decades.

The overall number of all fires worldwide has declined, as has the total area burned.

However, the scientists found that the fraction of global fires that occur in WUI areas increased by about 23% from 2005 to 2020. Even more significantly, the global area burned by WUI fires during the same time increased by about 35% as a fraction of all burned areas.

The research found that WUI areas are expanding worldwide, especially in rapidly urbanizing regions in Africa. As newly constructed developments move into areas of wild vegetation, the risk of fires increases. The paper did not focus on the role of climate change, although the authors said the database can help scientists better fingerprint the role of climate change in fires.

WUI areas are generally defined as the location where urban land use and wildland vegetation come into contact or intermingle. Fires in such areas are especially dangerous, both because they imperil large numbers of people and structures and because, by burning manufactured materials instead of vegetation, they emit far more toxins than forest and grassland fires.

"Wildland-urban interface fires are a major concern for many people in the United States and globally, and through this study we now know they have increased in recent years and will likely continue doing so in the future," said NSF NCAR scientist Wenfu Tang, the lead author of the new paper. "This is important as a first step to looking at emissions from these fires and their impacts on human health."

Funding for the research came from NOAA. The study was published in Environmental Research Letters.




Constructing a global database

WUI fires have caused catastrophic destruction in recent years, sometimes burning down thousands of buildings and killing 100 or more people. Especially destructive fires include the 2009 Black Saturday bushfires in Australia, which left 173 dead, and the 2017 Pedrosa Grande Fire in Portugal, which killed 66 people. Last year's Lahaina Fire in Hawaii was the deadliest in the United States in more than a century, killing 100 people and destroying more than 2,200 structures.

To understand more about trends in WUI fires, Tang and her colleagues turned to a global high-resolution map of WUI fires in 2020, which had been created by Franz Schug of the University of Wisconsin-Madison. They also analyzed data about Earth's surface from NASA's Moderate Resolution Imaging Spectroradiometer (MODIS) satellite instrument.

By applying machine learning techniques to the map and satellite data, they quantified the relationship of fires with such variables as land cover and population density. They then used those quantitative relationships to generate a global database of WUI areas and WUI fires, going back 20 years at a resolution of 9 kilometers (5.6 miles).

The researchers successfully confirmed the accuracy of the database by comparing it with independent WUI datasets previously developed for a few years within the same time period, including for the continental United States and globally.

In analyzing the new database, the researchers found that WUI areas have grown in all populated continents by 24% from 2001 to 2020, with the largest increase occurring in Africa.




Largely as a result, fires in WUI areas have also become more common. Since 2005, they have increased from 3.5% to 4.3% of all fires. In North America, the WUI fraction of all fire counts is even higher (up to 9%), with WUI fires in 2015-2020 becoming particularly large and more destructive.

"This is the first map of its kind that enables us to look at how WUI fires have been evolving globally over the past two decades," said NSF NCAR scientist Cenlin He, a co-author of the study. "It shows that WUI fires have increased on every populated continent."

Even as WUI blazes loom as a greater threat, the scientists noted that fires overall have been on the decline. Since 2005, the total number of fires worldwide decreased by 10%, and the amount of burned areas decreased by 22%, according to satellite observations analyzed in their research.

Tang and her colleagues then turned to the future. They integrated the WUI database with the NSF NCAR-based Community Earth System Model, which simulates global climate and fires, to determine the likely trends in WUI fires through 2030 and 2040.

If WUI areas continue to expand and greenhouse gases continue to be emitted at a high rate, they found that the WUI fraction of burned areas worldwide will likely increase by about 2.6-3.2% by 2040. However, the picture can change somewhat depending on changes in WUI areas and greenhouse gas emissions under different future scenarios, according to their analysis.

"This study is an important step in quantifying WUI fires and how they are changing worldwide," Tang said. "As WUI areas rapidly expand and WUI fires become more frequent, it is critical to understand the interactions between WUI fires and human activities as well as the impacts of the fires on air quality, human health, and the environment."
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New tagging method provides bioadhesive interface for marine sensors on diverse, soft, and fragile species | ScienceDaily
Tagging marine animals with sensors to track and study their movements can provide researchers with important environmental and behavioral information, including energy usage, habitat changes, and migration patterns. But existing techniques to attach sensors currently largely rely on invasive physical anchors, suction cups, and rigid glues. While these techniques can be effective for marine animals with hard exoskeletons and large animals such as sharks, the traditional tag attachment methods are not ideal for more fragile species, such as squid and jellyfish.


						
Now, a newly developed soft hydrogel-based Bioadhesive Interface for Marine Sensors, referred to as BIMS, holds promise as an effective, rapid, versatile, and non-invasive method to tag and track all sorts of marine species, including soft and fragile species that have long been difficult to access, according to a new journal article by scientists with the Woods Hole Oceanographic Institution (WHOI), Massachusetts Institute of Technology (MIT), and partner organizations. The BIMS tagging can help researchers better understand animal behavior while also capturing oceanographic data critical for helping to better understand some impacts of climate change, and for resource management.

According to the article, "Bioadhesive Interface for Marine Sensors on Diverse Soft Fragile Species," published in Nature Communications, this technology will increase the monitoring of oceanographic conditions, species habitat use, and the overall behavior of animals that are important ecologically and are key protein source for people worldwide. The way that this technique can scale up for various applications -- such as applying sensors to previously unmonitored animals to track their condition and movements- "is the vision of this paper," said journal article co-lead-author Seth Cones, a Ph.D. candidate in the MIT/WHOI Joint Program in Oceanography/Applied Ocean Science & Engineering.

The BIMS effectiveness derives from it containing a thin layer of a dried-hydrogel adhesive specifically engineered to form strong physical and chemical bonds with animal tissues and rapidly absorb the seawater from the surface of a marine species. The sensors then can adhere, as a soft yet strong hydrogel that conforms to the organism's body shape, in less than 20 seconds. Other methods of tagging can take up to 8.5 minutes which can stress an animal, disturb natural behaviors, and affect data quality.

The researchers tested the BIMS applicability to species with distinct tissues, including squid, skate, flounder, and lobster. In these ethically-approved tests -- mostly conducted at a large saltwater pool at WHOI's Environmental Systems Laboratory, in addition to field testing in the Azores Islands, Portugal -- BIMS was found to stay affixed to fragile aquatic animals for up to three days, which allows for long-term animal behavior monitoring.

The researchers tested a number of factors , including the interfacial toughness of the adhesive , adhesion stability, and its shear and tensile strength. They also assessed potential animal behavior disruption and found that the animals made a rapid return to baseline individual and group level behaviors.

"The BIMS allows us to sensor the animals and the oceans, so we can better predict the impact of climate change and other concerns affecting marine environments," said journal article co-author, Aran Mooney, an associate scientist in biology at WHOI.

Camilo Duque London, a graduate student in MIT's Department of Mechanical Engineering, added that another BIMS benefit is providing medicine to sick or injured animals, potentially including endangered species. The use of multiple sensors on one animal could also measure body kinematics and provide insights for designing bio-inspired marine robots. Future visions can integrate more sophisticated acoustic or optical sensors. He also emphasized the importance of the research collaboration between engineering and the marine sciences. "This paper presents a new approach and a new tool, crafted through interdisciplinary collaboration, that could be used by marine biologists who study fragile species."

Funding for this research was provided by the National Institutes of Health, the National Science Foundation, Naval Sea Systems Command, and the Bureau of Ocean Energy Management.
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Cooler transformers could help electric grid | ScienceDaily
Most people do not give the U.S. electric grid a second thought -- we flip a switch and the lights come on. Behind the scenes are thousands of power plants and utilities linked by millions of miles of transmission lines. And to make raw electricity useful, grid transformers convert high voltage to lower voltage that millions of households can plug into.


						
Transformers are aging and approaching an average of being 30 to 40 years old. Plus, they face more stress than ever before brought on by factors such as renewable energy and by extreme weather events such as hurricanes, heat waves, and winter storms. Case in point -- the 2021 event in Texas that left millions powerless.

That is when University of Texas at Austin (UT Austin) researchers decided to look inside grid transformers to see if they could make them better. Grid transformers are filled with copper windings, other metallic components, and cellulose-based electrical insulation like kraft paper. The cellulose insulation is a great electrical insulator essential in the process of 'stepping down' voltage, but it also traps heat, which can lead to overheating.

"We've researched a new class of nanomaterials where we take conventional cellulose-based paper and dope it with high thermal conductivity nanometer and micrometer-sized particles," said Vaibhav Bahadur, an associate professor in the Cockrell School of Engineering, UT Austin. Bahadur is the corresponding author of a study that modeled the impact of high thermal conductivity paper on the performance and life of grid transformers published March 2024 in Cell Press journal Heliyon. This is the first study that predicts the extent to which tuning the thermal conductivity of paper can enhance transformer life.

Simulations on the Stampede2 supercomputer of the Texas Advanced Computing Center (TACC) helped Bahadur and his collaborators engineer solutions to overheat of grid transformers -- a critical component of the electric grid.

Collaborators at the University of Maryland and the USDA Forest Products Laboratory fabricated the high thermal conductivity paper using nanoparticles of boron nitride. Bahadur's lab built a 3D model of the transformer to mimic an actual grid transformer taken apart and studied by study co-author Robert Hebner, also in the Cockrell School of Engineering.

"The experimental part of the study was critical in testing whether to invest in improving the transformer installation," Hebner said. "We had a transformer donated to The Center for Electromechanics, which was powered by UT Austin's one megawatt micro grid. We could connect it and run the temperatures up and down, and we could measure how the transformer behaved. The model and the measurements meshed very well," Hebner said.




"Our results indicate that if the thermal conductivity is increased by a few times using the engineered paper, the hotspot temperature inside a transformer can be reduced by between 5 to 10 degC," he added. "In most conditions that should be enough to double or triple the life of the transformer."

The Bahadur Research Group was awarded allocations on TACC's Stampede2 supercomputer, a National Science Foundation-funded computational workhorse for UT Austin researchers and thousands of other researchers in the U.S. open science community.

"This model was simulated using TACC resources to predict the thermal performance," Bahadur said. "We modeled the thermal conductivity as a varying parameter, and we figured out the extent of improvement needed in thermal conductivity to see a meaningful temperature reduction."

The main computational challenge was the shear immensity of modeling the details inside an actual transformer.

"To accurately estimate temperatures, we used a fine-sized mesh based on finite element methods and modeled the conduction through the diffusion heat transfer equation -- the computational costs are high in doing so," Bahadur said. "The main reason we used Stampede2 was to get simulations done in a matter of minutes/hours and not wait for days to get our results."

Next, the researchers will test a small-scale transformer prototype and add the thermal conducting paper to study how it behaves in an operating environment with fluctuating loads.

This research has the possibility to find applications in the real world, where new transformers could be made with improved nano and micro particle enhanced thermal insulating paper. Old transformers could be retrofitted with the new paper during routine refurbishment.

"We started not as a transformer project, but as a semiconductor project. This research aims to take a lot of the electronic devices that we have and make them operate better by operating cooler and more efficiently," Hebner added.
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No gamma rays seen coming from nearby supernova | ScienceDaily
A nearby supernova in 2023 offered astrophysicists an excellent opportunity to test ideas about how these types of explosions boost particles, called cosmic rays, to near light-speed. But surprisingly, NASA's Fermi Gamma-ray Space Telescope detected none of the high-energy gamma-ray light those particles should produce.


						
On May 18, 2023, a supernova erupted in the nearby Pinwheel galaxy (Messier 101), located about 22 million light-years away in the constellation Ursa Major. The event, named SN 2023ixf, is the most luminous nearby supernova discovered since Fermi launched in 2008.

"Astrophysicists previously estimated that supernovae convert about 10% of their total energy into cosmic ray acceleration," said Guillem Marti-Devesa, a researcher at the University of Trieste in Italy. "But we have never observed this process directly. With the new observations of SN 2023ixf, our calculations result in an energy conversion as low as 1% within a few days after the explosion. This doesn't rule out supernovae as cosmic ray factories, but it does mean we have more to learn about their production."

The paper, led by Marti-Devesa while at the University of Innsbruck in Austria, will appear in a future edition of Astronomy and Astrophysics.

Trillions of trillions of cosmic rays collide with Earth's atmosphere every day. Roughly 90% of them are hydrogen nuclei -- or protons -- and the remainder are electrons or the nuclei of heavier elements.

Scientists have been investigating cosmic ray origins since the early 1900s, but the particles can't be traced back to their sources. Because they're electrically charged, cosmic rays change course as they travel to Earth thanks to magnetic fields they encounter.

"Gamma rays, however, travel directly to us," said Elizabeth Hays, the Fermi project scientist at NASA's Goddard Space Flight Center in Greenbelt, Maryland. "Cosmic rays produce gamma rays when they interact with matter in their environment. Fermi is the most sensitive gamma-ray telescope in orbit, so when it doesn't detect an expected signal, scientists must explain the absence. Solving that mystery will build a more accurate picture of cosmic ray origins."

Astrophysicists have long suspected supernovae of being top cosmic ray contributors.




These explosions occur when a star at least eight times the Sun's mass runs out of fuel. The core collapses and then rebounds, propelling a shock wave outward through the star. The shock wave accelerates particles, creating cosmic rays. When cosmic rays collide with other matter and light surrounding the star, they generate gamma rays.

Supernovae greatly impact a galaxy's interstellar environment. Their blast waves and expanding cloud of debris may persist for more than 50,000 years. In 2013, Fermi measurements showed that supernova remnants in our own Milky Way galaxy were accelerating cosmic rays, which generated gamma-ray light when they struck interstellar matter. But astronomers say the remnants aren't producing enough high-energy particles to match scientists' measurements on Earth.

One theory proposes that supernovae may accelerate the most energetic cosmic rays in our galaxy in the first few days and weeks after the initial explosion.

But supernovae are rare, occurring only a few times a century in a galaxy like the Milky Way. Out to distances of around 32 million light-years, a supernova occurs, on average, just once a year.

After a month of observations, starting when visible light telescopes first saw SN 2023ixf, Fermi had not detected gamma rays.

"Unfortunately, seeing no gamma rays doesn't mean there are no cosmic rays," said co-author Matthieu Renaud, an astrophysicist at the Montpellier Universe and Particles Laboratory, part of the National Center for Scientific Research in France. "We have to go through all the underlying hypotheses regarding acceleration mechanisms and environmental conditions in order to convert the absence of gamma rays into an upper limit for cosmic ray production."

The researchers propose a few scenarios that may have affected Fermi's ability to see gamma rays from the event, like the way the explosion distributed debris and the density of material surrounding the star.

Fermi's observations provide the first opportunity to study conditions right after the supernova explosion. Additional observations of SN 2023ixf at other wavelengths, new simulations and models based on this event, and future studies of other young supernovae will help astronomers home in on the mysterious sources of the universe's cosmic rays.
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Neutrons rule the roost for cage-free lithium ions | ScienceDaily
An international team of scientists found a way to improve battery design that could produce safer, more powerful lithium batteries.


						
The team used quasi-elastic neutron scattering at Oak Ridge National Laboratory to set the first benchmark, one-nanosecond, or one billionth of a second, for a mixture of lithium salt and an organic polymer electrolyte.

"It all comes down to the study of materials," said Eugene Mamontov, ORNL Chemical Spectroscopy group leader. "And polymer electrolytes won't catch fire the way liquid electrolytes do in lithium batteries."

The team used the neutron technique to validate computer simulations, ending a long-standing debate about how long it takes lithium ions to break free from tiny cages created by polymer electrolytes. The rate at which ions in any battery break free from such environments, or solvation cages in polymer electrolytes, helps determine how energy flows through the battery. Polymer electrolytes could enable more energy-dense electrodes, like lithium metal, resulting in more powerful lithium batteries.

The findings also open doors for rapidly screening new battery materials at ORNL. "Neutrons are highly sensitive to hydrogen, which is present in virtually all electrolytes. This allowed us to see how it moved in the system and understand polymer electrolyte dynamics at an unprecedented level of detail. We couldn't have pinned down the time and length any other way," said Naresh Osti, ORNL neutron scattering scientist.

"Naresh and Eugene's interpretation of neutron data from the experiment at ORNL opened our eyes to understanding the extent to which lithium ions are caged in polymer electrolytes. Our findings suggest this general approach will apply to liquid electrolytes," said Nitash Balsara, Charles W. Tobias Professor of Electrochemistry at the University of California, Berkeley.  
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Common HIV treatments may aid Alzheimer's disease patients | ScienceDaily
Alzheimer's disease (AD) currently afflicts nearly seven million people in the U.S. With this number expected to grow to nearly 13 million by 2050, the lack of meaningful therapies represents a major unmet medical need. Scientists at Sanford Burnham Prebys have now identified promising real-world links between common HIV drugs and a reduced incidence of AD. The study, led by Jerold Chun, M.D., Ph.D., was published in Pharmaceuticals.


						
Chun's new research builds on his lab's landmark publication in Nature in 2018 that described how somatic gene recombination in neurons can produce thousands of new gene variants within Alzheimer's disease brains. Importantly, it also revealed for the first time how the Alzheimer's-linked gene, APP, is recombined by using the same type of enzyme found in HIV.

The enzyme, called reverse transcriptase (RT), copies RNA molecules and changes them into complementary DNA duplicates that can then be inserted back into DNA, producing permanent sequence changes within the cell's DNA blueprint.

HIV and many other viruses rely on RT to hijack a host's cells to establish a chronic infection, so drugs that block the RT enzyme's activity have become a common part of treatment cocktails for keeping HIV at bay.

The brain appears to have its own RTs that are different from those in viruses, and the research team wondered if inhibiting brain RTs with HIV drugs actually helps AD patients.

To assess the link between real-world RT inhibitor exposure and AD in humans, the team analyzed anonymized medical records with prescription claims from more than 225,000 control and HIV-positive patients, and found that RT inhibitor exposure was associated with a statistically significant reduced incidence and prevalence of AD.

"Thus, we looked at HIV-positive individuals taking RT inhibitors and other combined antiretroviral therapies as they aged, and asked the question: How many of them got Alzheimer's disease?" says Chun. "And the answer is that there were many fewer than might have been expected compared to the general population."

Of the more than 225,000 individuals with claims data in the study, just shy of 80,000 were HIV-positive individuals over the age of 60. More than 46,000 had taken RT inhibitors during a nearly three-year observation period from 2016 to 2019. The data was obtained through a collaboration with health information technology and clinical research firm IQVIA, led by Tiffany Chow, M.D.




In living persons with HIV, there were 2.46 Alzheimer's disease diagnoses per 1,000 persons among HIV-positive individuals taking these inhibitors, versus 6.15 for the general population. This control group was represented by more than 150,000 HIV-negative patients over the age of 60 with medical insurance claims related to treatment for the common cold.

"You cannot feasibly run a prospective clinical trial with this number of patients," Chun adds. "This approach is a way to look at how a drug can act on a large patient population."

Chun underscores that the drugs patients took in this retrospective study were designed to counter RT activity in HIV and likely only had a limited effect on many different possible forms of the enzyme active in the brain.

"What we're looking at now is very crude," says Chun. "The clear next step for our lab is to identify which versions of RTs are at work in the AD brain so that more targeted treatments can be discovered, while prospective clinical trials of currently available RT inhibitors on persons with early AD should be pursued."

Jerold Chun, M.D. Ph.D., is a professor in the Center for Genetic Disorders and Aging Research at Sanford Burnham Prebys.

Additional authors on the study include Tiffany W. Chow, Mark Raupp, Matthew W. Reynolds, Siying Li and Gwendolyn E. Kaeser.

The work was supported by the National Institute on Aging -- NIH (R01AG071465, R01AG065541 and R56AG073965), the Shaffer Family Foundation and the Bruce Ford & Anne Smith Bundy Foundation.
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Plastic pollution can kill variety of ocean embryos | ScienceDaily
High levels of plastic pollution can kill the embryos of a wide range of ocean animals, new research shows.


						
Scientists tested the effects of new PVC pellets (pre-production "nurdles" used to make many plastic products) on the development of seven species, spanning all major groups (superphyla) of ocean animals.

Exposure to high concentrations of PVC pellets prevented healthy development in all seven species.

The main process affected was morphogenesis -- an organism developing its shape -- and shapeless embryos cannot survive.

The study, by an international team led by the Stazione Zoologica Anton Dohrn (Italy) and the University of Exeter (UK), highlights the "potentially catastrophic effects" of rising levels of plastic in the ocean.

"When exposed to high levels of new PVC pellets, the species we examined went wrong in different ways," said first author Dr Eva Jimenez-Guri.

"Some failed to make a shell or a notocord, some failed to form proper bilateral (left-right) features, some just stopped developing after a few rounds of cell division.




"They all failed to make a viable embryo."

The study also included three species that reproduce asexually by regeneration (splitting) and found these were also affected by high concentrations of new PVC pellets.

"The level of pollution we examined would only be seen in circumstances such as a spill of PVC pellets," Dr Jimenez-Guri said.

"We know these happen. For example, millions of pellets were spilled from a cargo ship off Portugal in January.

"Rivers and beaches near petrochemical plants have also been found to contain very high levels of pre-production pellets."

The European Union is currently debating legislation aimed to reduce releases of pre-production plastic pellets.




The study also examined the toxic effects of plastic samples recovered from beaches.

While the effects were not as widespread as those of new PVC pellets, high concentrations were found to affect the development of molluscs, sea urchins, sea stars and sea squirts.

Coasts and rivers are known hotspots for plastic pollution and -- as the species in the study all live in coastal areas -- severe pollution could have a major impact.

"If you have extreme pollution at a time when these species are reproducing, then you don't have the next generation of those species," Dr Jimenez-Guri said.

Explaining how plastics cause developmental abnormalities, Dr Jimenez-Guri said plastics contain a complex variety of potentially harmful components including zinc in this case -- which are slowly released once plastic is in the water.

She added: "If we reach these extreme levels of plastic pollution at our coasts -- which happens in isolated cases but is thankfully uncommon at present -- many species may become unable to reproduce, with massive impacts for marine life, the wider environment and people.

"We need urgent action to reduce the amount of plastic entering the ocean."

The research was funded by a Marie Sk?odowska-Curie Action Fellowship awarded to Dr Jimenez-Guri.
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        First evidence of human occupation in lava tube cave in Saudi Arabia
        New research has highlighted an area in Arabia that once acted as a key point for cultural exchanges and trades amongst ancient people -- and it all took place in vast caves and lava tubes that have remained largely untapped reservoirs of archaeological abundance in Arabia. Through meticulous excavation and analysis, the international team uncovered a wealth of evidence at Umm Jirsan, spanning from the Neolithic to the Chalcolithic/Bronze Age periods (~10,000-3,500 years ago).

      

      
        Paleontologists unearth what may be the largest known marine reptile
        The fossilized remains of a second gigantic jawbone measuring more than two meters long has been found on a beach in Somerset, UK.

      

      
        38 trillion dollars in damages each year: World economy already committed to income reduction of 19 % due to climate change
        Even if CO2 emissions were to be drastically cut down starting today, the world economy is already committed to an income reduction of 19% until 2050 due to climate change, a new study finds. These damages are six times larger than the mitigation costs needed to limit global warming to two degrees. Based on empirical data from more than 1,600 regions worldwide over the past 40 years, scientists assessed future impacts of changing climatic conditions on economic growth and their persistence.

      

      
        Understanding climate warming impacts on carbon release from the tundra
        The warming climate shifts the dynamics of tundra environments and makes them release trapped carbon, according to a new study published in Nature. These changes could transform tundras from carbon sinks into a carbon source, exacerbating the effects of climate change.

      

      
        Workings of working memory detailed
        Investigators have discovered how brain cells responsible for working memory -- the type required to remember a phone number long enough to dial it -- coordinate intentional focus and short-term storage of information.

      

      
        Substantial global cost of climate inaction
        Pioneering study reveals that limiting global warming to 1.5 degrees Celsius could reduce the global economic costs of climate change by two thirds. If warming continues to 3 degrees Celsius, global GDP will decrease by up to 10 percent -- with the worst impacts in less developed countries.

      

      
        'Tube map' around planets and moons made possible by knot theory
        Scientists have developed a new method using knot theory to find the optimal routes for future space missions without the need to waste fuel.

      

      
        Interspecies competition led to even more forms of ancient human -- defying evolutionary trends in vertebrates
        Competition between species played a major role in the rise and fall of hominins -- and produced a 'bizarre' evolutionary pattern for the Homo lineage -- according to a new study that revises the start and end dates for many of our early ancestors.

      

      
        Paradox of extreme cold events in a warming world
        The Warm Arctic-Cold Continent (WACC) phenomenon is the puzzling combination of Arctic warming and extreme coldness in specific mid-latitude regions. However, the progression of WACC events remains unclear amidst global warming. Scientists have now predicted a sharp decline in the WACC phenomenon post-2030s, affecting extreme weather events. These findings offer critical insights for communities, scientists, and policymakers to refine climate models and strategies and battle climate change.

      

      
        Plastic pollution can kill variety of ocean embryos
        High levels of plastic pollution can kill the embryos of a wide range of ocean animals, new research shows.

      

      
        Most massive stellar black hole in our galaxy found
        Astronomers have identified the most massive stellar black hole yet discovered in the Milky Way galaxy. This black hole was spotted in data from the European Space Agency's Gaia mission because it imposes an odd 'wobbling' motion on the companion star orbiting it. Astronomers have verified the mass of the black hole, putting it at an impressive 33 times that of the Sun.

      

      
        A single atom layer of gold: Researchers create goldene
        For the first time, scientists have managed to create sheets of gold only a single atom layer thick. The material has been termed goldene. According to researchers, this has given the gold new properties that can make it suitable for use in applications such as carbon dioxide conversion, hydrogen production, and production of value-added chemicals.

      

      
        Can animals count?
        Researchers have made a groundbreaking discovery regarding number sense in animals by confirming the existence of discrete number sense in rats, offering a crucial animal model for investigating the neural basis of numerical ability and disability in humans.

      

      
        Hidden threat: Global underground infrastructure vulnerable to sea-level rise
        As sea levels rise, coastal groundwater is lifted closer to the ground surface while also becoming saltier and more corrosive. A recent study compiled research from experts worldwide showing that in cities where there are complex networks of buried and partially buried infrastructure, interaction with this shallower and saltier groundwater exacerbates corrosion and failure of critical systems such as sewer lines, roadways, and building foundations.

      

      
        How Pluto got its heart
        The mystery of how Pluto got a giant heart-shaped feature on its surface has finally been solved by an international team of astrophysicists. The team is the first to successfully reproduce the unusual shape with numerical simulations, attributing it to a giant and slow oblique-angle impact.

      

      
        Microplastics make their way from the gut to other organs
        Researchers have found that microplastics -- are having a significant impact on our digestive pathways, making their way from the gut and into the tissues of the kidney, liver and brain.

      

      
        Epilepsy drug prevents brain tumors in mice with NF1
        Researchers have discovered that an FDA-approved epilepsy drug can prevent or slow the growth of NF1-linked optic gliomas in mice, laying the groundwork for a clinical trial.

      

      
        Physical activity reduces stress-related brain activity to lower cardiovascular disease risk
        Over a ten-year period, biobank participants who met recommended levels of physical activity had a 23% lower risk of cardiovascular disease, and the protective effects were even more pronounced in individuals with depression.

      

      
        Evolution's recipe book: How 'copy paste' errors cooked up the animal kingdom
        A series of whole genome and gene duplication events that go back hundreds of millions of years have laid the foundations for tissue-specific gene expression, according to a new study. The 'copy-paste' errors allowed animals to keep one copy of their genome or genes for fundamental functions, while the second copy could be used as raw material for evolutionary innovation. Events like these, at varying degrees of scale, occurred constantly throughout the bilaterian evolutionary tree and enabled tr...

      

      
        Switch to green wastewater infrastructure could reduce emissions and provide huge savings according to new research
        Researchers have shown that a transition to green wastewater-treatment approaches in the U.S. that leverages the potential of carbon-financing could save a staggering $15.6 billion and just under 30 million tons of CO2-equivalent emissions over 40 years.

      

      
        Tropical forests can't recover naturally without fruit-eating birds
        Natural forest regeneration is hailed as a cost-effective way to restore biodiversity and sequester carbon. However, the fragmentation of tropical forests has restricted the movement of large birds limiting their capacity to disperse seeds and restore healthy forests.

      

      
        Newly sequenced genome reveals coffee's prehistoric origin story -- and its future under climate change
        A new study charts the family history of Arabica, the world's most popular coffee species, through Earth's heating and cooling periods over the last millennia.

      

      
        The joy of sports: How watching sports can boost well-being
        Sports, beyond entertainment, foster community and belonging, benefiting both individuals and society. Despite its recognized positive effects, limited evidence exists on the link between watching sports and well-being. To address this gap, a team of researchers conducted a multi-method research and found that sports viewing activates brain reward circuits, leading to improved well-being. Popular sports like baseball notably impact well-being. Their research offers insights for public health poli...

      

      
        Even the simplest marine organisms tend to be individualistic
        Sport junkie or couch potato? Always on time or often late? The animal kingdom, too, is home to a range of personalities, each with its own lifestyle. Biologists report on a surprising discovery: even simple marine polychaete worms shape their day-to-day lives on the basis of highly individual rhythms. This diversity is of interest not just for the future of species and populations in a changing environment, but also for medicine.

      

      
        Pyrite, also known as fool's gold, may contain valuable lithium, a key element for green energy
        The technology revolution and development of new renewable energy resources is driving demand for lithium to new heights, but it is not a common mineral. Scientists say they have found lithium in an unexpected place; fool's gold, or pyrite, deposits.

      

      
        Bonobos are more aggressive than previously thought, study shows
        Chimpanzees and bonobos are often thought to reflect two different sides of human nature -- the conflict-ready chimpanzee versus the peaceful bonobo -- but a new study shows that, within their own communities, male bonobos are more frequently aggressive than male chimpanzees. For both species, more aggressive males had more mating opportunities.

      

      
        Brightest gamma-ray burst of all time came from the collapse of a massive star
        In 2022, astronomers discovered the brightest gamma-ray burst (GRB) of all time. Now, astronomers confirm that a 'normal' supernova, the telltale sign of a stellar collapse, accompanied the GRB. The team also looked for signatures of heavy elements like gold and platinum in the supernova. They found no evidence of such elements, deepening the mystery of their origins.

      

      
        Stellar winds of three sun-like stars detected for the first time
        An international research team has for the first time directly detected stellar winds from three Sun-like stars by recording the X-ray emission from their astrospheres, and placed constraints on the mass loss rate of the stars via their stellar winds.

      

      
        Iconic savanna mammals face genetic problems due to fences and roads
        Wildebeest migrations have become a rarer sight in Africa as humans continue to interrupt their historic migratory routes with roads, fences, cities, livestock and farmland. This has led to genetic decay in those herds that are no longer able to roam freely, according to new research.

      

      
        Beautiful nebula, violent history: Clash of stars solves stellar mystery
        When astronomers looked at a stellar pair at the heart of a stunning cloud of gas and dust, they were in for a surprise. Star pairs are typically very similar, like twins, but in HD 148937, one star appears younger and, unlike the other, is magnetic. New data suggest there were originally three stars in the system, until two of them clashed and merged. This violent event created the surrounding cloud and forever altered the system's fate.
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First evidence of human occupation in lava tube cave in Saudi Arabia | ScienceDaily
Recent strides in interdisciplinary archaeological research in Arabia have unveiled new insights into the evolution and historical development of regional human populations, as well as the dynamic patterns of cultural change, migration, and adaptation to environmental fluctuations.


						
Despite the challenges posed by limited preservation of archaeological assemblages and organic remains in arid environments, these discoveries are reshaping our understanding of the region's rich cultural heritage.

One such breakthrough led by Griffith University's Australian Research Centre for Human Evolution (ARCHE), in collaboration with international partners, comes from the exploration of underground settings, including caves and lava tubes, which have remained largely untapped reservoirs of archaeological abundance in Arabia.

Through meticulous excavation and analysis, researchers have uncovered a wealth of evidence at Umm Jirsan, spanning from the Neolithic to the Chalcolithic/Bronze Age periods (~10,000-3,500 years ago).

"Our findings at Umm Jirsan provide a rare glimpse into the lives of ancient peoples in Arabia, revealing repeated phases of human occupation and shedding light on the pastoralist activities that once thrived in this landscape," said Dr Mathew Stewart, the lead researcher and a Research Fellow at ARCHE.

"This site likely served as a crucial waypoint along pastoral routes, linking key oases and facilitating cultural exchange and trade."

Rock art and faunal records attest to the pastoralist use of the lava tube and surrounding areas, painting a vivid picture of ancient lifeways.




Depictions of cattle, sheep, goat and dogs corroborate the prehistoric livestock practices and herd composition of the region.

Isotopic analysis of animal remains indicates that livestock primarily grazed on wild grasses and shrubs, while humans maintained a diet rich in protein, with a notable increase in the consumption of C3 plants over time, suggesting the emergence of oasis agriculture.

"While underground localities are globally significant in archaeology and Quaternary science, our research represents the first comprehensive study of its kind in Saudi Arabia," added Professor Michael Petraglia, Director of ARCHE.

"These findings underscore the immense potential for interdisciplinary investigations in caves and lava tubes, offering a unique window into Arabia's ancient past."

The research at Umm Jirsan underscores the importance of collaborative, multidisciplinary approaches to archaeological inquiry and highlights the significance of Arabia's archaeological heritage on the global stage.

Researchers involved in this study work in close partnership with the Heritage Commission, Saudi Ministry of Culture, and the Saudi Geological Survey. Additional partners include King Saud University and key institutions in the UK, the USA, and Germany.
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Paleontologists unearth what may be the largest known marine reptile | ScienceDaily
The fossilised remains of a second gigantic jawbone measuring more than two metres long has been found on a beach in Somerset, UK.


						
Experts have identified the bones as belonging to the jaws of a new species of enormous ichthyosaur, a type of prehistoric marine reptile. Estimates suggest the oceanic titan would have been more than 25 metres long.

Father and daughter, Justin and Ruby Reynolds from Braunton, Devon, found the first pieces of the second jawbone to be found in May 2020, while searching for fossils on the beach at Blue Anchor, Somerset. Ruby, then aged 11, found the first chunk of giant bone before searching together for additional pieces.

Realising they had discovered something significant, they contacted leading ichthyosaur expert, Dr Dean Lomax, a palaeontologist at The University of Manchester. Dr Lomax, who is also a 1851 Research Fellow at the University of Bristol, contacted Paul de la Salle, a seasoned fossil collector who had found the first giant jawbone in May 2016 from further along the coast at Lilstock.

Dr Dean Lomax said: "I was amazed by the find. In 2018, my team (including Paul de la Salle) studied and described Paul's giant jawbone and we had hoped that one day another would come to light. This new specimen is more complete, better preserved, and shows that we now have two of these giant bones -- called a surangular -- that have a unique shape and structure. I became very excited, to say the least."

Justin and Ruby, together with Paul, Dr Lomax, and several family members, visited the site to hunt for more pieces of this rare discovery. Over time, the team found additional pieces of the same jaw which fit together perfectly, like a multimillion-year-old jigsaw.

Justin said: "When Ruby and I found the first two pieces we were very excited as we realised that this was something important and unusual. When I found the back part of the jaw, I was thrilled because that is one of the defining parts of Paul's earlier discovery."

The last piece of bone was recovered in October 2022.




The research team, led by Dr Lomax, revealed that the jaw bones belong to a new species of giant ichthyosaur that would have been about the size of a blue whale. Comparing the two examples of the same bone with the same unique features from the same geologic time zone supports their identifications.

The team have called the new genus and species Ichthyotitan severnensis, meaning "giant fish lizard of the Severn."

The bones are around 202 million years old, dating to the end of the Triassic Period in a time known as the Rhaetian. During this time, the gigantic ichthyosaurs swam the seas while the dinosaurs walked on land. It was the titans' final chapter, however -- as the story told in the rocks above these fossils record a cataclysm known as the Late Triassic global mass extinction event. After this time, giant ichthyosaurs from the family known as Shastasauridae go extinct. Today, these bones represent the very last of their kind.

Ichthyotitan is not the world's first giant ichthyosaur, but de la Salles' and Reynolds' discoveries are unique among those known to science. These two bones appear roughly 13 million years after their latest geologic relatives, including Shonisaurus sikanniensis from British Columbia, Canada, and Himalayasaurus tibetensis from Tibet, China.

Dr Lomax added: "I was highly impressed that Ruby and Justin correctly identified the discovery as another enormous jawbone from an ichthyosaur. They recognised that it matched the one we described in 2018. I asked them whether they would like to join my team to study and describe this fossil, including naming it. They jumped at the chance. For Ruby, especially, she is now a published scientist who not only found but also helped to name a type of gigantic prehistoric reptile. There are probably not many 15-year-olds who can say that! A Mary Anning in the making, perhaps."

Ruby said: "It was so cool to discover part of this gigantic ichthyosaur. I am very proud to have played a part in a scientific discovery like this."

Further examinations of the bones' internal structures have been carried out by master's student, Marcello Perillo, from the University of Bonn, Germany. His work confirmed the ichthyosaur origin of the bones and revealed that the animal was still growing at the time of death.




He said: "We could confirm the unique set of histological characters typical of giant ichthyosaur lower jaws: the anomalous periosteal growth of these bones hints at yet to be understood bone developmental strategies, now lost in the deep time, that likely allowed late Triassic ichthyosaurs to reach the known biological limits of vertebrates in terms of size. So much about these giants is still shrouded by mystery, but one fossil at a time we will be able to unravel their secret."

Concluding the work, Paul de la Salle added: "To think that my discovery in 2016 would spark so much interest in these enormous creatures fills me with joy. When I found the first jawbone, I knew it was something special. To have a second that confirms our findings is incredible. I am overjoyed."

The new research has been published today in the open access journal PLOS ONE.

Ruby, Justin and Paul's discoveries will soon go on display at the Bristol Museum and Art Gallery.

Lomax said: "This research has been ongoing for almost eight years. It is quite remarkable to think that gigantic, blue whale-sized ichthyosaurs were swimming in the oceans around what was the UK during the Triassic Period. These jawbones provide tantalising evidence that perhaps one day a complete skull or skeleton of one of these giants might be found. You never know."
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38 trillion dollars in damages each year: World economy already committed to income reduction of 19 % due to climate change | ScienceDaily

"Strong income reductions are projected for the majority of regions, including North America and Europe, with South Asia and Africa being most strongly affected. These are caused by the impact of climate change on various aspects that are relevant for economic growth such as agricultural yields, labour productivity or infrastructure," says PIK scientist and first author of the study Maximilian Kotz. Overall, global annual damages are estimated to be at 38 trillion dollars, with a likely range of 19-59 trillion dollars in 2050. These damages mainly result from rising temperatures but also from changes in rainfall and temperature variability. Accounting for other weather extremes such as storms or wildfires could further raise them.

Huge economic costs also for the United States and European Union 

"Our analysis shows that climate change will cause massive economic damages within the next 25 years in almost all countries around the world, also in highly-developed ones such as Germany, France and the United States," says PIK scientist Leonie Wenz who led the study. "These near-term damages are a result of our past emissions. We will need more adaptation efforts if we want to avoid at least some of them. And we have to cut down our emissions drastically and immediately -- if not, economic losses will become even bigger in the second half of the century, amounting to up to 60% on global average by 2100. This clearly shows that protecting our climate is much cheaper than not doing so, and that is without even considering non-economic impacts such as loss of life or biodiversity."

To date, global projections of economic damages caused by climate change typically focus on national impacts from average annual temperatures over long-time horizons. By including the latest empirical findings from climate impacts on economic growth in more than 1,600 subnational regions worldwide over the past 40 years and by focusing on the next 26 years, the researchers were able to project sub-national damages from temperature and rainfall changes in great detail across time and space all the while reducing the large uncertainties associated with long-term projections. The scientists combined empirical models with state-of-the-art climate simulations (CMIP-6). Importantly, they also assessed how persistently climate impacts have affected the economy in the past and took this into account as well.

Countries least responsible will suffer most

"Our study highlights the considerable inequity of climate impacts: We find damages almost everywhere, but countries in the tropics will suffer the most because they are already warmer. Further temperature increases will therefore be most harmful there. The countries least responsible for climate change, are predicted to suffer income loss that is 60% greater than the higher-income countries and 40% greater than higher-emission countries. They are also the ones with the least resources to adapt to its impacts. It is on us to decide: structural change towards a renewable energy system is needed for our security and will save us money. Staying on the path we are currently on, will lead to catastrophic consequences. The temperature of the planet can only be stabilized if we stop burning oil, gas and coal," says Anders Levermann, Head of Research Department Complexity Science at the Potsdam Institute and co-author of the study.
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Understanding climate warming impacts on carbon release from the tundra | ScienceDaily
The warming climate shifts the dynamics of tundra environments and makes them release trapped carbon, according to a new study published in Nature. These changes could transform tundras from carbon sinks into a carbon source, exacerbating the effects of climate change.


						
A team of over 70 scientists from different countries used so called open-top chambers (OTCs) to experimentally simulate the effects of warming on 28 tundra sites around the world. OTCs basically serve as mini-greenhouses, blocking wind and trapping heat to create local warming.

The warming experiments led to a 1.4 degrees Celsius increase in air temperature and a 0.4 degrees increase in soil temperature, along with a 1.6 percent drop in soil moisture. These changes boosted ecosystem respiration by 30 percent during the growing season, causing more carbon to be released because of increased metabolic activity in soil and plants. The changes persisted for at least 25 years after the start of the experimental warming -- which earlier studies hadn't revealed.

"We knew from earlier studies that we were likely to find an increase in respiration with warming, but we found a remarkable increase -- nearly four times greater than previously estimated, though it varied with time and location," says Sybryn Maes of Umea University, the study's lead author.

The increase in ecosystem respiration also varied with local soil conditions, such as nitrogen and pH levels. This means that differences in soil conditions and other factors lead to geographic differences in the response -- some regions will see more carbon release than others. Understanding the links between soil conditions and respiration in response to warming is important for creating better climate models.

"Our work represents the first assessment of ecosystem respiration response to experimental warming across such a broad environmental gradient in the tundra, incorporating a comprehensive set of environmental drivers," says Associate Professor Ellen Dorrepaal of Umea University.

The study also offers a broader perspective on Arctic and alpine regions by predicting increases in respiration across the whole tundra area together with more detailed information about variation in the sensitivity of the response.

"We see that some areas, particularly parts of Siberia and Canada, exhibit greater sensitivity to warming," says Professor Matti Kummu of Aalto University. "We anticipate an increase in respiration across the whole Arctic and alpine tundra, but more in situ data, particularly on the local soil conditions, is key to addressing the outstanding uncertainties and refining our predictions."

Understanding how ecosystems shift in response to climate change and how these changes feed back into the climate is vital to get an accurate picture of how our world will change. These findings serve as an important baseline for improved climate models, but the researchers plan to refine them further by analyzing how the experimental sites change over time and expand the experiment's scope to include new sites.
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Workings of working memory detailed | ScienceDaily
Cedars-Sinai investigators have discovered how brain cells responsible for working memory -- the type required to remember a phone number long enough to dial it -- coordinate intentional focus and short-term storage of information.


						
The study detailing their discovery was published in the peer-reviewed journal Nature.

"We have identified for the first time a group of neurons, influenced by two types of brain waves, that coordinate cognitive control and the storage of sensory information in working memory," said Jonathan Daume, PhD, a postdoctoral scholar in the Rutishauser Lab at Cedars-Sinai and first author of the study. "These neurons don't contain or store information, but are crucial to the storage of short-term memories."

Working memory, which requires the brain to store information for only seconds, is fragile and requires continued focus to be maintained, said Ueli Rutishauser, PhD, director of the Center for Neural Science and Medicine at Cedars-Sinai and senior author of the study. It can be affected by different diseases and conditions.

"In disorders such as Alzheimer's disease or attention-deficit hyperactivity disorder, it is often not memory storage, but rather the ability to focus on and retain a memory once it is formed that is the problem," said Rutishauser, who is a professor of Neurosurgery, Neurology and Biomedical Sciences at Cedars-Sinai. "We believe that understanding the control aspect of working memory will be fundamental for developing new treatments for these and other neurological conditions."

To explore how working memory functions, investigators recorded the brain activity of 36 hospitalized patients who had electrodes surgically implanted in their brains as part of a procedure to diagnose epilepsy. The team recorded the activity of individual brain cells and brain waves while the patients performed a task that required use of working memory.

On a computer screen, patients were shown either a single photo or a series of three photos of various people, animals, objects or landscapes. Next, the screen went blank for just under three seconds, requiring patients to remember the photos they just saw. They were then shown another photo and asked to decide whether it was the one (or one of the three) they had seen before.




When patients performing the working memory task were able to respond quickly and accurately, investigators noted the firing of two groups of neurons: "category" neurons that fire in response to one of the categories shown in the photos, such as animals, and "phase-amplitude coupling," or PAC, neurons.

PAC neurons, newly identified in this study, don't hold any content, but use a process called phase-amplitude coupling to ensure the category neurons focus and store the content they have acquired. PAC neurons fire in time with the brain's theta waves, which are associated with focus and control, as well as to gamma waves, which are linked to information processing. This allows them to coordinate their activity with category neurons, which also fire in time to the brain's gamma waves, enhancing patients' ability to recall information stored in working memory.

"Imagine when the patient sees a photo of a dog, their category neurons start firing 'dog, dog, dog' while the PAC neurons are firing 'focus/remember,'" Rutishauser said. "Through phase-amplitude coupling, the two groups of neurons create a harmony superimposing their messages, resulting in 'remember dog.' It is a situation where the whole is greater than the sum of its parts, like hearing the musicians in an orchestra play together. The conductor, much like the PAC neurons, coordinates the various players to act in harmony."

PAC neurons do this work in the hippocampus, a part of the brain that has long been known to be important for long-term memory. This study offers the first confirmation that the hippocampus also plays a role in controlling working memory, Rutishauser said.

This study was conducted as part of a multi-institutional consortium funded by the National Institutes of Health's Brain Research Through Advancing Innovative Neurotechnologies Initiative, or The BRAIN Initiative, and led by Cedars-Sinai. The data in this study is pooled across Cedars-Sinai, the University of Toronto, and the Johns Hopkins School of Medicine, resulting in a statistically powerful study that a single institution could not accumulate on its own given the difficulty of these experiments.

"One of the aims of the BRAIN Initiative is to uncover -- through the use of innovative technologies -- properties of the human brain that have so far been difficult, if not impossible, to study" said Dr. John Ngai, PhD, director of the NIH BRAIN Initiative. "Here, by leveraging unusual opportunities supported by the initiative to illuminate complex processes in humans, the Rutishauser Lab is shedding light on the way certain neurons support how memories are stored in the brain -- a process that is far from understood in devastating brain disorders such as Alzheimer's disease and other dementias."
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Substantial global cost of climate inaction | ScienceDaily
Traditionally, estimates of how climate change will affect global economies have focused on the effects of annual temperature changes. However, the additional impacts of variability and extremes in rainfall and temperature have remained largely unexplored, until now. Using projections from 33 global climate models, an international research team, led by Paul Waidelich at ETH Zurich, conducted a pioneering study, published in the journal, Nature Climate Change, to quantify such impacts on gross domestic product (GDP) across the globe.


						
Revealing the additional damage of global warming

The investigative study revealed a global GDP loss of up to 10 percent if the planet warms by +3oC. Importantly, accounting for variability and extremes increases the costs of climate change around the world. "If we take into account that warmer years also come with changes in rainfall and temperature variability, it turns out that the estimated impact of spiking temperatures is worse than previously thought," explains doctoral researcher and economist Paul Waidelich. "Therefore, omitting variability and extremes risks underestimating the damage of temperature changes."

The cost of climate inaction

Stringent climate action is critical to future economic growth. Limiting global warming to 1.5oC instead of 3oC can reduce global losses from climate change by two thirds. "Our results show that the cost of climate inaction is substantial," stresses ETH Zurich professor, Sonia Seneviratne, a co-author of the study and a Vice Chair of the Intergovernmental Panel on Climate Change's Working Group I. "Some people still say that the world cannot afford rapid decarbonization, but the global economy will also suffer from the impacts of climate change."

Global warming of 3oC also increases the risk of extreme rainfall worldwide, which reduces global GDP, on average, by 0.2 percent -- which, at the current size of the global economy, would equal US$ 200 billion. Much of these costs occur in the US and in China, which, unlike warmer tropical regions, are less used to extreme rainfall. However, among the extreme events considered, heatwaves are the most impactful. The study suggests that nearly half of the global economic damage at 3oC of global warming may be related to extreme heat. Fulden Batibeniz, a postdoctoral researcher at ETH Zurich and the University of Bern explains, "Higher temperatures may seem beneficial for colder countries like Canada, but as we saw in 2021, they also bring much more severe heatwaves, which harm the economy."

Socio-economic and climatic uncertainties

However, projecting the impacts of climate variability and extremes is complex, and substantial uncertainties remain. When answering the question, "How much will climate change cost?" The research team concedes that uncertainties are primarily socio-economic: how long the impacts persist and how well can society adapt. Yet, how rainfall and climate extremes will evolve need to be better understood. Since the study does not include non-economic impacts, droughts, sea-level rise, and climate tipping points, the authors argue that the total cost of climate change is likely considerably higher.
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'Tube map' around planets and moons made possible by knot theory | ScienceDaily
Just as sat-nav did away with the need to argue over the best route home, scientists from the University of Surrey have developed a new method to find the optimal routes for future space missions without the need to waste fuel.


						
The new method uses mathematics to reveal all possible routes from one orbit to another without guesswork or using enormous computer power.

Danny Owen, who developed the technique at the Surrey Space Centre, said:

"Previously, when the likes of NASA wanted to plot a route, their calculations relied on either brute force or guesswork.

"Our new technique neatly reveals all possible routes a spacecraft could take from A to B, as long as both orbits share a common energy level.

"This makes the task of planning missions much simpler. We think of it as a tube map for space."

In recent decades, space missions have increasingly relied on the ability to change the course of a satellite's path through space without using fuel.




One way of doing this is to find 'heteroclinic connections' -- the paths that allow spacecraft to transfer from one orbit to another without using fuel.

The mathematics for finding these paths is complex -- usually calculated by using vast computing power to churn through one option after another or by making an 'intelligent guess' and then investigating it further.

This new technique uses an area of maths called knot theory to quickly generate rough trajectories -- which can then be refined. By doing so, space agencies can gain a full list of all possible routes from a designated orbit. They can then choose the one that best suits their mission -- much as you might choose a route by studying the tube map.

The technique was tested successfully on various planetary systems -- including the Moon, and the Galilean moons of Jupiter. Both of these are the focus of current and future missions.

Dr Nicola Baresi, Lecturer in Orbital Mechanics at the University of Surrey, said:

"Spurred on by NASA's Artemis programme, the new Moon race is inspiring mission designers around the world to research fuel-efficient routes that can better and more efficiently explore the vicinity of the Moon.

"Not only does our technique make that cumbersome task more straightforward, but it can also be applied to other planetary systems, such as the icy moons of Saturn and Jupiter."
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Interspecies competition led to even more forms of ancient human -- defying evolutionary trends in vertebrates | ScienceDaily
Competition between species played a major role in the rise and fall of hominins -- and produced a "bizarre" evolutionary pattern for the Homo lineage -- according to a new University of Cambridge study that revises the start and end dates for many of our early ancestors.


						
Conventionally, climate is held responsible for the emergence and extinction of hominin species. In most vertebrates, however, interspecies competition is known to play an important role.

Now, research shows for the first time that competition was fundamental to "speciation" -- the rate at which new species emerge -- across five million years of hominin evolution.

The study, published today in Nature Ecology & Evolution, also suggests that the species formation pattern of our own lineage was unlike almost anything else.

"We have been ignoring the way competition between species has shaped our own evolutionary tree," said lead author Dr Laura van Holstein, a University of Cambridge biological anthropologist from Clare College. "The effect of climate on hominin species is only part of the story."

In other vertebrates, species form to fill ecological "niches" says van Holstein. Take Darwin's finches: some evolved large beaks for nut-cracking, while others evolved small beaks for feeding on certain insects. When each resource niche gets filled, competition kicks in, so no new finches emerge and extinctions take over.

Van Holstein used Bayesian modelling and phylogenetic analyses to show that, like other vertebrates, most hominin species formed when competition for resources or space were low.




"The pattern we see across many early hominins is similar to all other mammals. Speciation rates increase and then flatline, at which point extinction rates start to increase. This suggests that interspecies competition was a major evolutionary factor."

However, when van Holstein analysed our own group, Homo, the findings were "bizarre."

For the Homo lineage that led to modern humans, evolutionary patterns suggest that competition between species actually resulted in the appearance of even more new species -- a complete reversal of the trend seen in almost all other vertebrates.

"The more species of Homo there were, the higher the rate of speciation. So when those niches got filled, something drove even more species to emerge. This is almost unparalleled in evolutionary science."

The closest comparison she could find was in beetle species that live on islands, where contained ecosystems can produce unusual evolutionary trends.

"The patterns of evolution we see across species of Homo that led directly to modern humans is closer to those of island-dwelling beetles than other primates, or even any other mammal."

Recent decades have seen the discovery of several new hominin species, from Australopithecus sediba to Homo floresiensis. Van Holstein created a new database of "occurrences" in the hominin fossil record: each time an example of a species was found and dated, around 385 in total.




Fossils can be an unreliable measure of species' lifetimes. "The earliest fossil we find will not be the earliest members of a species," said van Holstein.

"How well an organism fossilises depends on geology, and on climatic conditions: whether it is hot or dry or damp. With research efforts concentrated in certain parts of the world, and we might well have missed younger or older fossils of a species as a result."

Van Holstein used data modelling to address this problem, and factor in likely numbers of each species at the beginning and end of their existence, as well as environmental factors on fossilisation, to generate new start and end dates for most known hominin species (17 in total).

She found that some species thought to have evolved through "anagenesis" -- when one slowly turns into another, but lineage doesn't split -- may have actually "budded": when a new species branches off from an existing one.*

This meant that several more hominin species than previously assumed were co-existing, and so possibly competing.

While early species of hominins, such as Paranthropus, probably evolved physiologically to expand their niche -- adapting teeth to exploit new types of food, for example -- the driver of the very different pattern in our own genus Homo may well have been technology.

"Adoption of stone tools or fire, or intensive hunting techniques, are extremely flexible behaviours. A species that can harness them can quickly carve out new niches, and doesn't have to survive vast tracts of time while evolving new body plans," said van Holstein

She argues that an ability to use technology to generalise, and rapidly go beyond ecological niches that force other species to compete for habitat and resources, may be behind the exponential increase in the number of Homo species detected by the latest study.

But it also led to Homo sapiens -- the ultimate generalisers. And competition with an extremely flexible generalist in almost every ecological niche may be what contributed to the extinction of all other Homo species.

Added van Holstein: "These results show that, although it has been conventionally ignored, competition played an important role in human evolution overall. Perhaps most interestingly, in our own genus it played a role unlike that across any other vertebrate lineage known so far."

Notes: *For example, the hominin species Australopithecus afarensis was believed to have speciated via anagenesis from Australopithecus anamensis. However, the new data modelling suggests they overlapped by around half a million years.
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Paradox of extreme cold events in a warming world | ScienceDaily
According to Copernicus Climate Change Service, February 2024 was the warmest February ever recorded globally. However, North America, Asia, and parts of Europe experienced record-breaking cold temperatures. In some places, such as China's Mohe and Russia's Yakutsk, temperatures dipped to the life-threatening lowest levels. Alarmingly, this juxtaposition of increasing temperatures amidst extreme coldness pushes the future of our planet's climate into uncertainty.


						
This paradoxical situation is captured by the Warm Arctic-Cold Continent (WACC) phenomenon, where warm Arctic temperatures lead to sea-ice decline and cold blasts across specific mid-latitude regions. The Arctic's rapid warming indicates global climate change. However, as global warming and the Arctic's temperature keep increasing, it is unclear how WACC events will unfold in the coming decades.

To bridge this gap, a research group, led by Professor Jin-Ho Yoon and including Ph.D. student Yungi Hong, both from the School of Earth Sciences and Environmental Engineering at Gwangju Institute of Science and Technology, Korea, has recently investigated the dynamics and evolution of extreme winter weather events -- technically known as WACC. Using simulations of climate datasets, mainly obtained from the Community Earth System Model Large Ensemble Project, they forecasted the trajectory of WACC events in East Asia and North America, spanning from 1920 to 2100. The study's findings were published in the journalnpj Climate and Atmospheric Scienceon March 11, 2024.

Explaining their study, Prof. Yoon emphasizes, "The WACC pattern has significantly influenced winter climates, but what we see currently is merely the start of a drastic shift." The research team found that despite global warming, WACC events have continued to intensify until the 2020s. Prof. Yoon points out, "These events will sharply decline post-2030s. Yet, this decline does not mean reduced extreme weather events in the future. Instead, winters will get warmer as global warming intensifies. Although cold snaps will occur less frequently, they may have more severe consequences when they do happen."

This declining trend will likely continue until the WACC phenomenon almost disappears by the late 21st century, bringing new extreme weather events.

These findings reshape our understanding of the WACC events and highlight the need to update climate models for accurate predictions, enhancing preparation and response strategies. The findings also resonate with the hardships faced by communities worldwide, especially those in regions historically affected by the WACC.

With the drastic shift in the WACC trajectory lurking closer, immediate action is thus needed to refine global climate strategies and reassess how societies will prepare and adapt. In this regard, Mr. Hong says, "Understanding the impact of the drastic shift in WACC events and devising adaptation and mitigation strategies determinesthe future of our winter climate, and it's a stark reminder of the complexity of climate systems and the unexpected outcomes of climate change."

Overall, this study is a compelling call for communities, policymakers, and scientists to act. It is needed, now more than ever, to collaborate and adapt as we navigate the path to resilience against climate change!
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Plastic pollution can kill variety of ocean embryos | ScienceDaily
High levels of plastic pollution can kill the embryos of a wide range of ocean animals, new research shows.


						
Scientists tested the effects of new PVC pellets (pre-production "nurdles" used to make many plastic products) on the development of seven species, spanning all major groups (superphyla) of ocean animals.

Exposure to high concentrations of PVC pellets prevented healthy development in all seven species.

The main process affected was morphogenesis -- an organism developing its shape -- and shapeless embryos cannot survive.

The study, by an international team led by the Stazione Zoologica Anton Dohrn (Italy) and the University of Exeter (UK), highlights the "potentially catastrophic effects" of rising levels of plastic in the ocean.

"When exposed to high levels of new PVC pellets, the species we examined went wrong in different ways," said first author Dr Eva Jimenez-Guri.

"Some failed to make a shell or a notocord, some failed to form proper bilateral (left-right) features, some just stopped developing after a few rounds of cell division.




"They all failed to make a viable embryo."

The study also included three species that reproduce asexually by regeneration (splitting) and found these were also affected by high concentrations of new PVC pellets.

"The level of pollution we examined would only be seen in circumstances such as a spill of PVC pellets," Dr Jimenez-Guri said.

"We know these happen. For example, millions of pellets were spilled from a cargo ship off Portugal in January.

"Rivers and beaches near petrochemical plants have also been found to contain very high levels of pre-production pellets."

The European Union is currently debating legislation aimed to reduce releases of pre-production plastic pellets.




The study also examined the toxic effects of plastic samples recovered from beaches.

While the effects were not as widespread as those of new PVC pellets, high concentrations were found to affect the development of molluscs, sea urchins, sea stars and sea squirts.

Coasts and rivers are known hotspots for plastic pollution and -- as the species in the study all live in coastal areas -- severe pollution could have a major impact.

"If you have extreme pollution at a time when these species are reproducing, then you don't have the next generation of those species," Dr Jimenez-Guri said.

Explaining how plastics cause developmental abnormalities, Dr Jimenez-Guri said plastics contain a complex variety of potentially harmful components including zinc in this case -- which are slowly released once plastic is in the water.

She added: "If we reach these extreme levels of plastic pollution at our coasts -- which happens in isolated cases but is thankfully uncommon at present -- many species may become unable to reproduce, with massive impacts for marine life, the wider environment and people.

"We need urgent action to reduce the amount of plastic entering the ocean."

The research was funded by a Marie Sk?odowska-Curie Action Fellowship awarded to Dr Jimenez-Guri.
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Most massive stellar black hole in our galaxy found | ScienceDaily
Astronomers have identified the most massive stellar black hole yet discovered in the Milky Way galaxy. This black hole was spotted in data from the European Space Agency's Gaia mission because it imposes an odd 'wobbling' motion on the companion star orbiting it. Data from the European Southern Observatory's Very Large Telescope (ESO's VLT) and other ground-based observatories were used to verify the mass of the black hole, putting it at an impressive 33 times that of the Sun.


						
Stellar black holes are formed from the collapse of massive stars and the ones previously identified in the Milky Way are on average about 10 times as massive as the Sun. Even the next most massive stellar black hole known in our galaxy, Cygnus X-1, only reaches 21 solar masses, making this new 33-solar-mass observation exceptional [1].

Remarkably, this black hole is also extremely close to us -- at a mere 2000 light-years away in the constellation Aquila, it is the second-closest known black hole to Earth. Dubbed Gaia BH3 or BH3 for short, it was found while the team were reviewing Gaia observations in preparation for an upcoming data release. "No one was expecting to find a high-mass black hole lurking nearby, undetected so far," says Gaia collaboration member Pasquale Panuzzo, an astronomer at the Observatoire de Paris, part of France's National Centre for Scientific Research (CNRS). "This is the kind of discovery you make once in your research life."

To confirm their discovery, the Gaia collaboration used data from ground-based observatories, including from the Ultraviolet and Visual Echelle Spectrograph (UVES) instrument on ESO's VLT, located in Chile's Atacama Desert [2]. These observations revealed key properties of the companion star, which, together with Gaia data, allowed astronomers to precisely measure the mass of BH3.

Astronomers have found similarly massive black holes outside our galaxy (using a different detection method), and have theorised that they may form from the collapse of stars with very few elements heavier than hydrogen and helium in their chemical composition. These so-called metal-poor stars are thought to lose less mass over their lifetimes and hence have more material left over to produce high-mass black holes after their death. But evidence directly linking metal-poor stars to high-mass black holes has been lacking until now.

Stars in pairs tend to have similar compositions, meaning that BH3's companion holds important clues about the star that collapsed to form this exceptional black hole. UVES data showed that the companion was a very metal-poor star, indicating that the star that collapsed to form BH3 was also metal-poor -- just as predicted.

The research study, led by Panuzzo, is published today in Astronomy & Astrophysics. "We took the exceptional step of publishing this paper based on preliminary data ahead of the forthcoming Gaia release because of the unique nature of the discovery," says co-author Elisabetta Caffau, also a Gaia collaboration member from the CNRS Observatoire de Paris. Making the data available early will let other astronomers start studying this black hole right now, without waiting for the full data release, planned for late 2025 at the earliest.




Further observations of this system could reveal more about its history and about the black hole itself. The GRAVITY instrument on ESO's VLT Interferometer, for example, could help astronomers find out whether this black hole is pulling in matter from its surroundings and better understand this exciting object.

Notes

[1] This is not the most massive black hole in our galaxy -- that title belongs to Sagittarius A*, the supermassive black hole at the Milky Way's centre, which has about four million times the mass of the Sun. But Gaia BH3 is the most massive black hole known in the Milky Way that formed from the collapse of a star.

[2] Aside from UVES on ESO's VLT, the study relied on data from: the HERMES spectrograph at the Mercator Telescope operated at La Palma (Spain) by Leuven University, Belgium, in collaboration with the Observatory of the University of Geneva, Switzerland; and the SOPHIE high-precision spectrograph at the Observatoire de Haute-Provence -- OSU Institut Pytheas.
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A single atom layer of gold: Researchers create goldene | ScienceDaily
For the first time, scientists have managed to create sheets of gold only a single atom layer thick. The material has been termed goldene. According to researchers from Linkoping University, Sweden, this has given the gold new properties that can make it suitable for use in applications such as carbon dioxide conversion, hydrogen production, and production of value-added chemicals. Their findings are published in the journal Nature Synthesis.


						
Scientists have long tried to make single-atom-thick sheets of gold but failed because the metal's tendency to lump together. But researchers from Linkoping University have now succeeded thanks to a hundred-year-old method used by Japanese smiths.

"If you make a material extremely thin, something extraordinary happens -- as with graphene. The same thing happens with gold. As you know, gold is usually a metal, but if single-atom-layer thick, the gold can become a semiconductor instead," says Shun Kashiwaya, researcher at the Materials Design Division at Linkoping University.

To create goldene, the researchers used a three-dimensional base material where gold is embedded between layers of titanium and carbon. But coming up with goldene proved to be a challenge. According to Lars Hultman, professor of thin film physics at Linkoping University, part of the progress is due to serendipidy.

"We had created the base material with completely different applications in mind. We started with an electrically conductive ceramics called titanium silicon carbide, where silicon is in thin layers. Then the idea was to coat the material with gold to make a contact. But when we exposed the component to high temperature, the silicon layer was replaced by gold inside the base material," says Lars Hultman.

This phenomenon is called intercalation and what the researchers had discovered was titanium gold carbide. For several years, the researchers have had titanium gold carbide without knowing how the gold can be exfoliated or panned out, so to speak.

By chance, Lars Hultman found a method that has been used in Japanese forging art for over a hundred years. It is called Murakami's reagent, which etches away carbon residue and changes the colour of steel in knife making, for example. But it was not possible to use the exact same recipe as the smiths did. Shun Kashiwaya had to look at modifications:

"I tried different concentrations of Murakami's reagent and different time spans for etching. One day, one week, one month, several months. What we noticed was that the lower the concentration and the longer the etching process, the better. But it still wasn't enough," he says.




The etching must also be carried out in the dark as cyanide develops in the reaction when it is struck by light, and it dissolves gold. The last step was to get the gold sheets stable. To prevent the exposed two-dimensional sheets from curling up, a surfactant was added. In this case, a long molecule that separates and stabilises the sheets, i.e. a tenside.

"The goldene sheets are in a solution, a bit like cornflakes in milk. Using a type of "sieve," we can collect the gold and examine it using an electron microscope to confirm that we have succeeded. Which we have," says Shun Kashiwaya.

The new properties of goldene are due to the fact that the gold has two free bonds when two-dimensional. Thanks to this, future applications could include carbon dioxide conversion, hydrogen-generating catalysis, selective production of value-added chemicals, hydrogen production, water purification, communication, and much more. Moreover, the amount of gold used in applications today can be much reduced.

The next step for the LiU researchers is to investigate whether it is possible to do the same with other noble metals and identify additional future applications.
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Can animals count? | ScienceDaily
Research co-led by neuroscientists Professor Yung Wing-ho from City University of Hong Kong (CityUHK) and Professor Ke Ya from The Chinese University of Hong Kong (CUHK) Faculty of Medicine (CU Medicine) has made a groundbreaking discovery regarding number sense in animals by confirming the existence of discrete number sense in rats, offering a crucial animal model for investigating the neural basis of numerical ability and disability in humans.


						
The research team has developed an innovative approach that employs a novel numerical learning task, brain manipulation techniques and artificial intelligence modelling, and that resolves an ongoing argument about whether rats have a sense of numbers. The study sheds light on the mechanisms underlying numerical ability. The findings have been published in the renowned multidisciplinary scientific journal Science Advances.

Number sense closely linked to survival and intelligence

Number sense is a fundamental ability in animals' perception of the world and increases their chances of survival. It is also an important cognitive ability, which is fundamental to mathematical aptitude, a hallmark of human intelligence. About 3% to 7% of people suffer from dyscalculia, a learning disability that affects the ability to learn arithmetic and mathematics of people of normal intelligence; a deficit in number sense is one of the major symptoms.

Number sense refers to the capability to compare, estimate and manipulate nonsymbolic numerical quantities, rather than associated magnitudes, which are continuous dimensions inherent in a group of items, such as the area of visual objects or the duration of sound pulses. There have been challenges regarding whether number sense can be assessed in isolation from the influence of continuous magnitudes. Also, there has been a vivid ongoing debate regarding whether the sense of magnitude or the sense of number is more fundamental.

Study confirms that the rat brain has a specific area for dealing with numbers

The research team minimised the influence of continuous magnitudes in numerical tests and conducted meticulous quantitative analyses in the study to determine the respective contributions of numbers and magnitudes. They developed an algorithm to generate stimuli that enable animals to focus only on numbers, minimising other distracting factors. This will help scientists better understand how animals perceive and quantify numbers.




The study found that rats without any previous knowledge of numbers were able to develop a sense of numbers when trained with sounds representing two or three numbers. Despite the influence of continuous magnitudes, the rats consistently focused on the number of sounds when making choices for food rewards.

Professor Yung, Associate Dean of the Jockey Club College of Veterinary Medicine and Life Sciences and Chair Professor of Cognitive Neuroscience at CityUHK, said, "Our study helps dissect the relationship between magnitude and numerosity processing. We discovered that when we blocked a specific part of the rats' brain, called the posterior parietal cortex, their ability to understand numbers was affected but not their sense of magnitude. This suggests that the brain has a specific area for dealing with numbers. In fact, this is the first time scientists have demonstrated that rats have the ability to discriminate and categorise three different numbers in a single test, surpassing a simple quantity comparison."

Professor Ke from the School of Biomedical Sciences at CU Medicine expressed excitement about the findings. "The study not only solves a long-standing mystery about how brains handle numbers, but also offers new insights into studying the specific neural circuits involved in number processing in animals and how genes are associated with mathematical ability," she said. "Furthermore, the findings from neural network modelling could have practical applications in the field of artificial intelligence. In the future, our increased understanding of the brain mechanisms underlying the processing of numbers may contribute to the development of interventions for individuals with numerical difficulties."

Professor Yung and Professor Ke are the corresponding authors. Other contributing authors include Dr Liang Tuo, Dr Peng Rongchao, Mr Rong Kanglin and Ms Li Jiaxin from CUHK.
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Hidden threat: Global underground infrastructure vulnerable to sea-level rise | ScienceDaily
As sea levels rise, coastal groundwater is lifted closer to the ground surface while also becoming saltier and more corrosive. A recent study by earth scientists at the University of Hawai'i (UH) at Manoa compiled research from experts worldwide showing that in cities where there are complex networks of buried and partially buried infrastructure, interaction with this shallower and saltier groundwater exacerbates corrosion and failure of critical systems such as sewer lines, roadways, and building foundations.


						
"While it has been recognized that shallowing groundwater will eventually result in chronic flooding as it surfaces, what's less known is that it can start causing problems decades beforehand as groundwater interacts with buried infrastructure," said Shellie Habel, lead author and coastal geologist in the School of Ocean and Earth Science and Technology (SOEST) at UH Manoa. "This knowledge gap often results in coastal groundwater changes being fully overlooked in infrastructure planning."

The research team aimed to create awareness about these issues and offer guidance from world experts on managing them. Habel and co-authors reviewed existing literature to examine the diverse effects on different types of infrastructure. Additionally, by employing worldwide elevation data and geospatial data that indicate the extent of urban development, they identified 1,546 low-lying coastal cities and towns globally, where around 1.42 billion people live, that are likely experiencing these impacts.

"The IPCC 6th Assessment Report tells us that sea level rise is an unstoppable and irreversible reality for centuries to millennia," said Chip Fletcher, study co-author, interim Dean of SOEST, and director of the Climate Resilience Collaborative (CRC) at UH Manoa. "Now is the time to prepare for the challenges posed by this problem by redesigning our communities for greater resilience and social equity."

Concealed damage

Well before the visible effects of surface flooding, sea-level rise pushes up the water table and shifts salty water landward. With this, the subsurface environment becomes more corrosive to critical underground infrastructure networks -- buried drainage and sewage lines can become compromised and mobilize urban contamination, and building foundations can weaken.

Extensive research conducted by the CRC has substantiated that critical infrastructure around the world, including drainage and basements, is likely currently experiencing flooding from rising groundwater levels.




"The damage caused by sea level rise-influenced coastal groundwater is often concealed and not immediately perceptible," said Habel, who is based at the CRC and Hawai'i Sea Grant in SOEST. "As a result, it tends to be overlooked in infrastructure management and planning efforts."

Informing management strategies

The study authors emphasize the importance of research efforts that can contribute to informed adaptation strategies.

"Being aware of these hidden impacts of sea level rise is of significant importance for the State of Hawai'i due to the concentration of communities situated along low-lying coastal zones where groundwater is generally very shallow," said Habel.

The CRC actively collaborates with partners across the nation and infrastructure managers in Hawai'i to gain a comprehensive assessment of how vital infrastructure, encompassing pipe networks, roadways, and buildings, is impacted. Understanding the impacts and risks associated with sea level rise-influenced coastal groundwater enables more effective management and adaptation.
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How Pluto got its heart | ScienceDaily
The mystery of how Pluto got a giant heart-shaped feature on its surface has finally been solved by an international team of astrophysicists led by the University of Bern and members of the National Center of Competence in Research (NCCR) PlanetS. The team is the first to successfully reproduce the unusual shape with numerical simulations, attributing it to a giant and slow oblique-angle impact.


						
Ever since the cameras of NASA's New Horizons mission discovered a large heart-shaped structure on the surface of the dwarf planet Pluto in 2015, this "heart" has puzzled scientists because of its unique shape, geological composition, and elevation. A team of scientists from the University of Bern, including several members of the NCCR PlanetS, and the University of Arizona in Tucson have used numerical simulations to investigate the origins of Sputnik Planitia, the western teardrop-shaped part of Pluto's "heart" surface feature. According to their research, Pluto's early history was marked by a cataclysmic event that formed Sputnik Planitia: a collision with a planetary body about 700 km in diameter, roughly twice the size of Switzerland from east to west. The team's findings, which were recently published in Nature Astronomy, also suggest that the inner structure of Pluto is different from what was previously assumed, indicating that there is no subsurface ocean.

A divided heart

The "heart," also known as the Tombaugh Regio, captured the public's attention immediately upon its discovery. But it also immediately caught the interest of scientists because it is covered in a high-albedo material that reflects more light than its surroundings, creating its whiter color. However, the "heart" is not composed of a single element. Sputnik Planitia (the western part) covers an area of 1200 by 2000 kilometers, which is equivalent to a quarter of Europe or the United States. What is striking, however, is that this region is three to four kilometers lower in elevation than most of Pluto's surface. "The bright appearance of Sputnik Planitia is due to it being predominantly filled with white nitrogen ice that moves and convects to constantly smooth out the surface. This nitrogen most likely accumulated quickly after the impact due to the lower altitude," explains Dr. Harry Ballantyne from the University of Bern, lead author of the study. The eastern part of the "heart" is also covered by a similar but much thinner layer of nitrogen ice, the origin of which is still unclear to scientists, but is probably related to Sputnik Planitia.

An oblique impact

"The elongated shape of Sputnik Planitia strongly suggests that the impact was not a direct head-on collision but rather an oblique one," points out Dr. Martin Jutzi of the University of Bern, who initiated the study. So the team, like several others around the world, used their Smoothed Particle Hydrodynamics (SPH) simulation software to digitally recreate such impacts, varying both the composition of Pluto and its impactor, as well as the velocity and angle of the impactor. These simulations confirmed the scientists' suspicions about the oblique angle of impact and determined the composition of the impactor.

"Pluto's core is so cold that the rocks remained very hard and did not melt despite the heat of the impact, and thanks to the angle of impact and the low velocity, the core of the impactor did not sink into Pluto's core, but remained intact as a splat on it," explains Harry Ballantyne. "Somewhere beneath Sputnik is the remnant core of another massive body, that Pluto never quite digested," adds co-author Erik Asphaug from the University of Arizona. This core strength and relatively low velocity were key to the success of these simulations: lower strength would result in a very symmetrical leftover surface feature that does not look like the teardrop shape observed by New Horizons. "We are used to thinking of planetary collisions as incredibly intense events where you can ignore the details except for things like energy, momentum and density. But in the distant Solar System, velocities are so much slower, and solid ice is strong, so you have to be much more precise in your calculations. That's where the fun starts," says Erik Asphaug. The two teams have a long record of collaborations together, exploring since 2011 already the idea of planetary "splats" to explain, for instance, features on the far side of the Moon. After our moon and Pluto, the University of Bern team plans to explore similar scenarios for other outer Solar System bodies such as the Pluto-like dwarf planet Haumea.

No subsurface ocean on Pluto

The current study sheds new light on Pluto's internal structure as well. In fact, a giant impact like the one simulated is much more likely to have occurred very early in Pluto's history. However, this poses a problem: a giant depression like Sputnik Planitia is expected to slowly move towards the pole of the dwarf planet over time due to the laws of physics, since it has a mass deficit. Yet it is paradoxically near the equator. The previous theorized explanation was that Pluto, like several other planetary bodies in the outer Solar System, has a subsurface liquid water ocean. According to this previous explanation, Pluto's icy crust would be thinner in the Sputnik Planitia region, causing the ocean to bulge there, and since liquid water is denser than ice, you would end up with a mass surplus that induces migration toward the equator.

However, the new study offers an alternative perspective. "In our simulations, all of Pluto's primordial mantle is excavated by the impact, and as the impactor's core material splats onto Pluto's core, it creates a local mass excess that can explain the migration toward the equator without a subsurface ocean, or at most a very thin one," explains Martin Jutzi. Dr. Adeene Denton from the University of Arizona, also co-author of the study, is currently conducting a new research project to estimate the speed of this migration. "This novel and inventine origin for Pluto's heart-shaped feature may lead to a better understanding of Pluto's origin," she concludes.
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Microplastics make their way from the gut to other organs | ScienceDaily
It's happening every day. From our water, our food and even the air we breathe, tiny plastic particles are finding their way into many parts of our body.


						
But what happens once those particles are inside? What do they do to our digestive system?

In a recent paper published in the journal Environmental Health Perspectives, University of New Mexico researchers found that those tiny particles -- microplastics -- are having a significant impact on our digestive pathways, making their way from the gut and into the tissues of the kidney, liver and brain.

Eliseo Castillo, PhD, an associate professor in the Division of Gastroenterology & Hepatology in the UNM School of Medicine's Department of Internal Medicine and an expert in mucosal immunology, is leading the charge at UNM on microplastic research.

"Over the past few decades, microplastics have been found in the ocean, in animals and plants, in tap water and bottled water," Castillo, says. "They appear to be everywhere."

Scientists estimate that people ingest 5 grams of microplastic particles each week on average -- equivalent to the weight of a credit card.

While other researchers are helping to identify and quantify ingested microplastics, Castillo and his team focus on what the microplastics are doing inside the body, specifically to the gastrointestinal (GI) tract and to the gut immune system.




Over a four-week period, Castillo, postdoctoral fellow Marcus Garcia, PharmD, and other UNM researchers exposed mice to microplastics in their drinking water. The amount was equivalent to the quantity of microplastics humans are believed to ingest each week.

Microplastics had migrated out of the gut into the tissues of the liver, kidney and even the brain, the team found. The study also showed the microplastics changed metabolic pathways in the affected tissues.

"We could detect microplastics in certain tissues after the exposure," Castillo says. "That tells us it can cross the intestinal barrier and infiltrate into other tissues."

Castillo says he's also concerned about the accumulation of the plastic particles in the human body. "These mice were exposed for four weeks," he says. "Now, think about how that equates to humans, if we're exposed from birth to old age."

The healthy laboratory animals used in this study showed changes after brief microplastic exposure, Castillo says. "Now imagine if someone has an underlying condition, and these changes occur, could microplastic exposure exacerbate an underlying condition?"

He has previously found that microplastics are also impacting macrophages -- the immune cells that work to protect the body from foreign particles.




In a paper published in the journal Cell Biology & Toxicology in 2021, Castillo and other UNM researchers found that when macrophages encountered and ingested microplastics, their function was altered and they released inflammatory molecules.

"It is changing the metabolism of the cells, which can alter inflammatory responses," Castillo says. "During intestinal inflammation -- states of chronic illness such as ulcerative colitis and Crohn's disease, which are both forms of inflammatory bowel disease -- these macrophages become more inflammatory and they're more abundant in the gut."

The next phase of Castillo's research, which is being led by postdoctoral fellow Sumira Phatak, PhD, will explore how diet is involved in microplastic uptake.

"Everyone's diet is different," he says. "So, what we're going to do is give these laboratory animals a high-cholesterol/high-fat diet, or high-fiber diet, and they will be either exposed or not exposed to microplastics. The goal is to try to understand if diet affects the uptake of microplastics into our body."

Castillo says one of his PhD students, Aaron Romero, is also working to understand why there is a change in the gut microbiota. "Multiple groups have shown microplastics change the microbiota, but how it changes the microbiota hasn't been addressed."

Castillo hopes that his research will help uncover the potential impacts microplastics are having to human health and that it will help spur changes to how society produces and filtrates plastics.

"At the end of the day, the research we are trying to do aims to find out how this is impacting gut health," he says. "Research continues to show the importance of gut health. If you don't have a healthy gut, it affects the brain, it affects the liver and so many other tissues. So even imagining that the microplastics are doing something in the in the gut, that chronic exposure could lead to systemic effects."
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Epilepsy drug prevents brain tumors in mice with NF1 | ScienceDaily
A drug used to treat children with epilepsy prevents brain tumor formation and growth in two mouse models of neurofibromatosis type 1 (NF1), according to a study by researchers at Washington University School of Medicine in St. Louis. NF1 is a genetic condition that causes tumors to grow on nerves throughout the body, including the optic nerves, which connect the eyes to the brain.


						
The findings lay the groundwork for a clinical trial to assess whether the drug, lamotrigine, can prevent or delay brain tumors in children with NF1. The study is online in the journal Neuro-Oncology.

"Based on these data, the Neurofibromatosis Clinical Trials Consortium is considering launching a first-of-its-kind prevention trial," said senior author David H. Gutmann, MD, PhD, the Donald O. Schnuck Family Professor of Neurology and the director of Washington University's Neurofibromatosis Center. The clinical trials consortium is an international network of NF scientists that was formed by the U.S. Department of Defense in 2006 to find therapies for all forms of neurofibromatosis. "The plan is to enroll kids without symptoms, treat them for a limited time, and then see whether the number of children who develop tumors that require treatment goes down.

"This is a novel idea, so we took it to an NF1 patient focus group," Gutmann continued. "They said, 'This is exactly what we're looking for.' A short-term treatment with a drug that has been used safely for 30 years was acceptable to them if it reduced the chance their children would develop tumors and need chemotherapy that might have all kinds of side effects."

The most serious tumors that people with NF1 get affect the optic nerve and are known as optic gliomas. Such tumors typically appear between ages 3 to 7. While they are rarely fatal, they cause vision loss in up to a third of patients as well as other symptoms, including early puberty. Standard chemotherapy for optic gliomas is only moderately effective at preventing further vision loss and can affect children's developing brains, resulting in cognitive and behavioral problems.

In a previous study, Gutmann and Corina Anastasaki, PhD, an assistant professor of neurology and the first author on the new paper, showed that lamotrigine stopped optic glioma growth in NF1 mice by suppressing neuronal hyperactivity. The Neurofibromatosis Clinical Trial Consortium found their data intriguing but demanded more evidence before they would consider launching a clinical trial. The consortium members asked Gutmann and Anastasaki to clarify the connection between Nf1 mutation, neuronal excitability and optic gliomas; assess whether lamotrigine was effective at the doses already proven safe in children with epilepsy; and conduct these studies in more than one strain of NF1 mice.

In people, NF1 is a highly variable disease. It can be caused by any one of thousands of different mutations in the NF1 gene, where different mutations could be associated with different medical problems. Repeating experiments in multiple strains of mice was a way of gauging whether lamotrigine was likely to work in people regardless of the underlying mutation.

Anastasaki and Gutmann not only showed that lamotrigine worked in two strains of NF1 mice, they also showed that the drug worked at lower doses than those used for epilepsy, meaning that it was probably safe. Even better, they found that a short course of the drug had lasting effects, both as a preventive and a treatment. Mice that had tumors and that were treated for four weeks starting at 12 weeks of age saw their tumors stop growing and even showed no further damage to the retinas of their eyes. Mice that received a four-week course of the drug starting at 4 weeks of age, before tumors typically emerge, showed no tumor growth even four months after treatment had ended.

These findings have led Gutmann to suggest that a one-year course of treatment for young children with NF1, maybe between the ages of 2 to 4, might be enough to reduce their risk of brain tumors.

"The idea that we might be able to change the prognosis for these kids by intervening within a short time window is so exciting," Gutmann said. "If we could just get them past the age when these tumors typically form, past age 7, they may never need treatment. I'd love it if I never again had to discuss chemotherapy for kids who aren't even in first grade yet."
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Physical activity reduces stress-related brain activity to lower cardiovascular disease risk | ScienceDaily
New research indicates that physical activity lowers cardiovascular disease risk in part by reducing stress-related signaling in the brain.


						
In the study, which was led by investigators at Massachusetts General Hospital (MGH), a founding member of the Mass General Brigham healthcare system and published in the Journal of the American College of Cardiology, people with stress-related conditions such as depression experienced the most cardiovascular benefits from physical activity.

To assess the mechanisms underlying the psychological and cardiovascular disease benefits of physical activity, Ahmed Tawakol, MD, an investigator and cardiologist in the Cardiovascular Imaging Research Center at Massachusetts General Hospital, and his colleagues analyzed medical records and other information of 50,359 participants from the Mass General Brigham Biobank who completed a physical activity survey.

A subset of 774 participants also underwent brain imaging tests and measurements of stress-related brain activity.

Over a median follow-up of 10 years, 12.9% of participants developed cardiovascular disease. Participants who met physical activity recommendations had a 23% lower risk of developing cardiovascular disease compared with those not meeting these recommendations.

Individuals with higher levels of physical activity also tended to have lower stress-related brain activity. Notably, reductions in stress-associated brain activity were driven by gains in function in the prefrontal cortex, a part of the brain involved in executive function (i.e., decision making, impulse control) and is known to restrain stress centers of the brain. Analyses accounted for other lifestyle variables and risk factors for coronary disease.

Moreover, reductions in stress-related brain signaling partially accounted for physical activity's cardiovascular benefit.

As an extension of this finding, the researchers found in a cohort of 50,359 participants that the cardiovascular benefit of exercise was substantially greater among participants who would be expected to have higher stress-related brain activity, such as those with pre-existing depression.

"Physical activity was roughly twice as effective in lowering cardiovascular disease risk among those with depression. Effects on the brain's stress-related activity may explain this novel observation," says Tawakol, who is the senior author of the study.

"Prospective studies are needed to identify potential mediators and to prove causality. In the meantime, clinicians could convey to patients that physical activity may have important brain effects, which may impart greater cardiovascular benefits among individuals with stress-related syndromes such as depression."
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Evolution's recipe book: How 'copy paste' errors cooked up the animal kingdom | ScienceDaily
A series of whole genome and gene duplication events that go back hundreds of millions of years have laid the foundations for tissue-specific gene expression, according to a new study in the journal Nature Ecology and Evolution. The 'copy paste' errors allowed animals to keep one copy of their genome or genes for fundamental functions, while the second copy could be used as raw material for evolutionary innovation. Events like these, at varying degrees of scale, occurred constantly throughout the bilaterian evolutionary tree and enabled traits and behaviours as diverse as insect flight, octopus camouflage and human cognition.


						
700 million years ago, a remarkable creature emerged for the first time. Though it may not have been much to look at by today's standards, the animal had a front and a back, a top and a bottom. This was a groundbreaking adaptation at the time, and one which laid down the basic body plan which most complex animals, including humans, would eventually inherit.

The inconspicuous animal resided in the ancient seas of Earth, likely crawling along the seafloor. This was the last common ancestor of bilaterians, a vast supergroup of animals including vertebrates (fish, amphibians, reptiles, birds, and mammals), and invertebrates (insects, arthropods, molluscs, worms, echinoderms and many more).

To this day, more than 7,000 groups of genes can be traced back to the last common ancestor of bilaterians, according to a study of 20 different bilaterian species including humans, sharks, mayflies, centipedes and octopuses. The findings were made by researchers at the Centre for Genomic Regulation (CRG) in Barcelona and are published today in the journal Nature Ecology and Evolution.

Remarkably, the study found that around half of these ancestral genes have since been repurposed by animals for use in specific parts of the body, particularly in the brain and reproductive tissues. The findings are surprising because ancient, conserved genes usually have fundamental, important jobs that are needed in many parts of the body.

When the researchers took a closer look, they found a series of serendipitous 'copy paste' errors during bilaterian evolution were to blame. For example, there was a significant moment early in the history of vertebrates. A bunch of tissue-specific genes first appeared coinciding with two whole genome duplication events. Animals could keep one copy for fundamental functions, while the second copy could be used as raw material for evolutionary innovation. Events like these, at varying degrees of scale, occurred constantly throughout the bilaterian evolutionary tree.

"Our genes are like a vast library of recipes that can be cooked up differently to create or change tissues and organs. Imagine you end up with two copies of a recipe for paella by accident. You can keep and enjoy the original recipe while evolution tweaks the extra copy so that it makes risotto instead. Now imagine the entire recipe book is copied -- twice -- and the possibilities it opens for evolution. The legacy of these events, which took place hundreds of millions of years ago, lives on in most complex animals today," explains Federica Mantica, author of the paper and researcher at the Centre for Genomic Regulation (CRG) in Barcelona.




The authors of the study found many examples of new, tissue-specific functions made possible by the specialisation of these ancestral genes. For example, the TESMIN and tomb genes, which originated from the same ancestor, ended up independently playing a specialised role in the testis both in vertebrates and insects. Their importance is highlighted by the fact that problems with these genes can disrupt sperm production, affecting fertility in both mice and fruit flies.

The specialisation of ancestral genes also laid some foundations for the development of complex nervous systems. For example, in vertebrates, the researchers found genes critical for the formation of myelin sheaths around nerve cells, which are essential for fast nerve signal transmission. In humans they also identified FGF17, which is thought to play an important role in maintaining cognitive functions into old age.

In insects, specific genes became specialised in muscles and in the epidermis for cuticle formation, contributing to their ability to fly. In the skin of octopuses, other genes became specialised to perceive light stimulI, contributing to their ability to change colour, camouflage and communicate with other octopuses.

By studying the evolution of species at the tissue level, the study demonstrates that changes in the way genes are used in different parts of the body have played a big role in creating new and unique features in animals. In other words, when genes start acting in specific tissues, it can lead to the development of new physical traits or abilities, which ultimately contributes to animal evolution.

"Our work makes us rethink the roles and functions that genes play. It shows us that genes that are crucial for survival and have been preserved through millions of years can also very easily acquire new functions in evolution. It reflects evolution's balancing act between preserving vital roles and exploring new paths," concludes ICREA Research Professor Manuel Irimia, co-author of the paper and researcher at the Centre for Genomic Regulation.
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Switch to green wastewater infrastructure could reduce emissions and provide huge savings according to new research | ScienceDaily
University researchers have shown that a transition to green wastewater-treatment approaches in the U.S. that leverages the potential of carbon-financing could save a staggering $15.6 billion and just under 30 million tonnes of CO2-equivalent emissions over 40 years.


						
The comprehensive findings from Colorado State University were highlighted in Nature Communications Earth and Environment in a first-of-its-kind study. The work from the Walter Scott, Jr. College of Engineering explores the potential economic tradeoffs of switching to green infrastructure and technology solutions that go beyond existing grey-water treatment practices. Built off data collected at over 22,000 facilities, the report provides comprehensive baseline metrics and explores the relationship among emissions, costs and treatment capabilities for utility operators and decision makers.

Braden Limb is the first author on the paper and a Ph.D. student in the Department of Systems Engineering. He also serves as a research associate in the Department of Mechanical Engineering. He said the findings are a key initial step to categorize and understand potential green solutions for wastewater.

"These findings draw a line in the sand that shows what the potential for adopting green approaches in this space is -- both in terms of money saved and total emissions reduced," he said. "It is a starting point to understand what routes are available to us now and how financing strategies can elevate water treatment from a somewhat local issue into something that is addressed globally through market incentives."

The research was completed in partnership with the University of Colorado Boulder and Brigham Young University. Findings center around both point-source water treatment and non-point sources of water pollution.

Traditional point-source water treatment facilities such as sewage plants remove problem nutrients like nitrogen and phosphorus before releasing water back into circulation. This grey-infrastructure system -- as it is known -- is monitored by the Environmental Protection Agency. However, regulation standards may tighten in the future, and facilities would need more power, and in turn more emissions, to reach newly allowable thresholds. Existing facilities already account for 2% of all energy use in the U.S. and 45 million tonnes of CO2 emissions, said Limb.

Another significant source of freshwater contamination in the U.S. comes from non-point source activity such as fertilizer runoff from agriculture entering rivers. Other non-point sources of pollution can come from wildfires -- aided by climate change -- or urban development, for example.




Limb said that rather than building more grey-infrastructure treatment facilities to address those increasing sources, the paper explores green approaches financed through carbon markets that can tackle both types simultaneously.

"There could be a switch to nature-based solutions such as constructing wetlands or reforestation instead of building yet another treatment facility," he said. "Those options could sequester over 4.2 million carbon dioxide emissions per year over a 40-year time horizon and have other complementary benefits we should be aiming for, such as cheaper overall costs."

Carbon financing is a mechanism aimed at mitigating climate change by incentivizing activities that reduce emissions or sequester them from the atmosphere. Companies voluntarily buy "credits" on an open market that represent a reduction or removal of carbon from the atmosphere that can be accomplished in a variety of ways. That credit offsets the institution's emissions from operations as it aims to reach sustainability goals.

These trades incentivize development of sustainable activities and can also provide a source of fresh money to further develop or scale up new approaches.

While there are similar financing markets for water, the problem is initially more localized than it is for air quality and carbon. That dynamic has limited the value of water market trades in the past. The paper suggests that these existing markets could be improved, and that the carbon markets could also be leveraged to change some of the financial incentives farmers have around water treatment and impacts from their activity.

The researchers found that using the markets could generate $679 million annually in revenue, representing an opportunity to further motivate green infrastructure solutions within water quality trading programs to meet regulated standards.

Mechanical Engineering Professor Jason Quinn is a co-author on the study. He said the findings have some limitations, but that this was an important first step to model both the problem and opportunity available now. He said the results in the paper have supported new research at CSU with the National Science Foundation to further develop the needed carbon credit methodology with stakeholders.

"This is the first time we are considering air and water quality simultaneously -- water is local and carbon is global," he said. "But by bringing these market mechanisms together we can capitalize on a window of opportunity to accelerate the improvement of America's rivers as we transition to a renewable energy and restored watershed future."
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Tropical forests can't recover naturally without fruit-eating birds | ScienceDaily
New research from the Crowther Lab at ETH Zurich illustrates a critical barrier to natural regeneration of tropical forests. Their models -- from ground-based data gathered in the Atlantic Forest of Brazil -- show that when wild tropical birds move freely across forest landscapes, they can increase the carbon storage of regenerating tropical forests by up to 38 percent.


						
Birds seed carbon potential

Fruit eating birds such as the Red-Legged Honeycreeper, Palm Tanager, or the Rufous-Bellied Thrush play a vital role in forest ecosystems by consuming, excreting, and spreading seeds to as they move throughout a forested landscape. Between 70 to 90 percent of the tree species in tropical forests are dependent on animal seed dispersal. This initial process is essential for allowing forests to grow and function. While earlier studies have established that birds are important for forest biodiversity, researchers at the Crowther Lab now have a quantitative understanding of how they contribute to forest restoration.

The new study, published in the journal Nature Climate Change provides evidence of the important contribution of wild birds (frugivores) in forest regeneration. Researchers compared the carbon storage potential that could be recovered in landscapes with limited fragmentation, with that of highly fragmented landscapes. Their data shows that highly fragmented landscapes restrict the movement of birds, thereby reducing the potential of carbon recovery by up to 38 percent. Across the Atlantic Forest region in Brazil, the researchers found that it is critical to maintain a minimum of 40 percent forest cover. They also find that a distance of 133 metres (approximately 435 feet) or less between forested areas ensures that birds can continue to move throughout the landscape and facilitate ecological recovery.

The study also found that different bird species have different impacts in terms of seed dispersal. Smaller birds disperse more seeds, but they can only spread small seeds from trees with lower carbon storage potential. In contrast, larger birds such as the Toco toucan or the Curl-crested jay disperse the seeds of trees with a higher carbon storage potential. The problem is that the larger birds are less likely to move across highly fragmented landscapes.

"This crucial information enables us to pinpoint active restoration efforts -- like tree planting -- in landscapes falling below this forest cover threshold, where assisted restoration is most urgent and effective." Daisy Dent, a Lead Scientist in the Crowther Lab at ETH Zurich.

Restoring functioning ecosystem services

"Allowing larger frugivores to move freely across forest landscapes is critical for healthy tropical forest recovery," says Carolina Bello, a post-doctoral researcher also in the Crowther Lab at ETH Zurich and lead author of the study. "This study demonstrates that especially in tropical ecosystems seed dispersal mediated by birds, plays a fundamental role in determining the species that can regenerate."




Based on current data, this study advances the research from previous ground studies conducted by the authors in the Atlantic Forest in Brazil. The forest is one of the most biologically diverse regions in the world, but it is also one of the most fragmented with only 12 percent of the original forest remaining and in small areas. The forest is also one of the most important regions on the planet for large-scale ecological restoration, with 12 million hectares of land targeted for restoration and natural recovery under the Atlantic Forest Restoration Pact. The research shows that increasing forest cover beyond 40 percent may be critical not only to maintain species diversity, as previously evidenced, but also to maintain and restore the functioning of ecosystem services, such as seed dispersal and carbon storage, to maximise the success of the massive-scale restoration initiative in this region.

"We have always known that birds are essential, but it is remarkable to discover the scale of those effects," says Thomas Crowther, Professor of Ecology at ETH Zurich, and the senior co-author of the study. "If we can recover the complexity of life within these forests, their carbon storage potential would increase significantly."

Strategies for recovering tropical forests

Earlier research suggests that recovering forests could capture more than 2.3 billion tonnes of carbon in the Atlantic Forest region, and that natural regeneration is likely to be more cost-effective -- as much as 77 percent less in implementation costs -- than active planting.*

Researchers note that a range of strategies, such as planting fruit trees and preventing poaching, could enhance animal movement in tropical areas where passive restoration is more likely. Active restoration is necessary in highly fragmented landscapes.

"By identifying the thresholds of forest cover in the surrounding landscape that allow seed dispersal, we can identify areas where natural regeneration is possible, as well as areas where we need to actively plant trees, allowing us to maximize the cost-effectiveness of forest restoration," says Danielle Ramos, a co-author of the paper affiliated with the University of Exeter, UK and Universidade Estadual Paulista, Rio Claro, Sao Paulo, Brazil.
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Newly sequenced genome reveals coffee's prehistoric origin story -- and its future under climate change | ScienceDaily
The key to growing coffee plants that can better resist climate change in the decades to come may lie in the ancient past.


						
Researchers co-led by the University at Buffalo have created what they say is the highest quality reference genome to date of the world's most popular coffee species, Arabica, unearthing secrets about its lineage that span millennia and continents.

Their findings, published today in Nature Genetics, suggest that Coffea arabica developed more than 600,000 years ago in the forests of Ethiopia via natural mating between two other coffee species. Arabica's population waxed and waned throughout Earth's heating and cooling periods over thousands of years, the study found, before eventually being cultivated in Ethiopia and Yemen, and then spread over the globe.

"We've used genomic information in plants alive today to go back in time and paint the most accurate picture possible of Arabica's long history, as well as determine how modern cultivated varieties are related to each other," says the study's co-corresponding author, Victor Albert, PhD, Empire Innovation Professor in the UB Department of Biological Sciences, within the College of Arts and Sciences.

Coffee giants like Starbucks and Tim Hortons exclusively use beans from Arabica plants to brew the millions of cups of coffee they serve everyday, yet, in part due to a low genetic diversity stemming from a history of inbreeding and small population size, Arabica is susceptible to many pests and diseases and can only be cultivated in a few places in the world where pathogen threats are lower and climate conditions are more favorable.

"A detailed understanding of the origins and breeding history of contemporary varieties are crucial to developing new Arabica cultivars better adapted to climate change," Albert says.

From their new reference genome, accomplished using cutting-edge DNA sequencing technology and advanced data science, the team was able to sequence 39 Arabica varieties and even an 18th century specimen used by Swedish naturalist Carl Linnaeus to name the species.




The reference genome is now available in a publicly available digital database.

"While other public references for Arabica coffee do exist, the quality of our team's work is extremely high," says one of the study's co-leaders, Patrick Descombes, senior expert in genomics at Nestle Research. "We used state-of-the-art genomics approaches -- including long- and short-read high throughput DNA sequencing -- to create the most advanced, complete and continuous Arabica reference genome to date."

Humanity's favorite coffee evolved without people's help

Arabica is the source of approximately 60% of the world's total coffee products, with its seeds helping millions start their day or stay up late. However, the initial crossbreeding that created it was done without any intervention from humans.

Arabica formed as a natural hybridization between Coffea canephora and Coffea eugenioides, whereupon it received two sets of chromosomes from each parent. Scientists have had a hard time pinpointing exactly when -- and where -- this allopolyploidization event took place, with estimates ranging everywhere from 10,000 to 1 million years ago.

To find evidence for the original event, UB researchers and their partners ran their various Arabica genomes through a computational modeling program to look for signatures of the species' foundation.




The models show three population bottlenecks during Arabica's history, with the oldest happening some 29,000 generations -- or 610,000 years -- ago. This suggests Arabica formed sometime before that, anywhere from 610,000 to 1 million years ago, researchers say.

"In other words, the crossbreeding that created Arabica wasn't something that humans did," Albert says. "It's pretty clear that this polyploidy event predated modern humans and the cultivation of coffee."

Coffee plants have long been thought to have developed in Ethiopia, but varieties that the team collected around the Great Rift Valley, which stretches from Southeast Africa to Asia, displayed a clear geographic split. The wild varieties studied all originated from the western side, while the cultivated varieties all originated from the eastern side closest to the Bab al-Mandab strait that separates Africa and Yemen.

That would align with evidence that coffee cultivation may have started principally in Yemen, around the 15th century. Indian monk Baba Budan is believed to have smuggled the fabled "seven seeds" out of Yemen around 1600, establishing Indian Arabica cultivars and setting the stage for coffee's global reach today.

"It looks like Yemeni coffee diversity may be the founder of all of the current major varieties," Descombes says. "Coffee is not a crop that has been heavily crossbred, such as maize or wheat, to create new varieties. People mainly chose a variety they liked and then grew it. So the varieties we have today have probably been around for a long time."

How climate impacted Arabica's population

East Africa's geoclimatic history is well documented due to research on human origins, so researchers could contrast climate events with how the wild and cultivated Arabica populations fluctuated over time.

Modeling shows a long period of low population size between 20-100,000 years ago, which roughly coincides with an extended drought and cooler climate believed to have hit the region between 40-70,000 years ago. The population then increased during the African humid period, around 6-15,000 years ago, when growth conditions were likely more beneficial.

During this same time, around 30,000 years ago, the wild varieties and the varieties that would eventually become cultivated by humans split from each other.

"They still occasionally bred with each other, but likely stopped around the end of the African humid period and the widening of the strait due to rising sea levels around 8,000 to 9,000 years ago," says Jarkko Salojarvi, assistant professor at Nanyang Technological University in Singapore and another co-corresponding author of work.

Low genetic diversity threatens Arabica 

Cultivated Arabica is estimated to have an effective population size of only 10,000 to 50,000 individuals. Its low genetic diversity means it could be completely decimated, like the monoculture Cavendish banana, by pathogens, such as coffee leaf rust, which causes $1-2 billion in losses annually.

The reference genome was able to shed more light on how one line of Arabica varieties obtained strong resistance to the disease.

The Timor variety formed in Southeast Asia as a spontaneous hybrid between Arabica and one of its parents, Coffea canephora. Also known as Robusta and used primarily for instant coffee, this species is more resistant to disease than Arabica.

"Thus, when Robusta hybridized itself back into Arabica on Timor, it brought some of its pathogen defense genes along with it," says Albert, who also co-led sequencing of the Robusta genome in 2014. Albert and collaborators' current work also presents a highly improved version of the Robusta genome, as well as new sequence of Arabica's other progenitor species, Coffea eugenioides.

While breeders have tried replicating this crossbreeding to boost pathogen defense, the new Arabica reference genome allowed the present researchers to pinpoint a novel region harboring members of the RPP8 resistance gene family as well as a general regulator of resistance genes, CPR1.

"These results suggest a novel target locus for potentially improving pathogen resistance in Arabica," Salojarvi says.

The genome provided other new findings as well, like which wild varieties are closest to modern, cultivated Arabica coffee. They also found that the Typica variety, an early Dutch cultivar originating from either India or Sri Lanka, is likely the parent of the Bourbon variety, principally cultivated by the French.

"Our work has not been unlike reconstructing the family tree of a very important family," Albert says.

Nestle Research funded the majority of the research. The large international team was co-led by Albert, whose work was supported by the National Science Foundation, and contributions from many other organizations. Other UB contributors include Trevor Krabbenhoft, PhD, and Zhen Wang, PhD, both assistant professors of biological sciences; PhD student Steven Fleck; PhD graduate Minakshi Mukherjee; and former research scientist Tianying Lan -- all from the Department of Biological Sciences.
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The joy of sports: How watching sports can boost well-being | ScienceDaily
For many individuals, sports have long served as a source of enjoyment and relaxation. Watching sports, particularly at large gatherings, goes beyond entertainment. It fosters a sense of community and belonging among audiences. This sense of connection not only makes individuals feel good but also benefits society by improving health, enhancing productivity, and reducing crime. Although it is popularly recognized for its positive effects, existing studies on the relationship between watching sports and well-being offer only limited evidence.


						
Recognizing this gap, a team of researchers led by Associate Professor Shintaro Sato from the Faculty of Sport Sciences, Waseda University, Japan, embarked on a groundbreaking study. Prof. Sato, alongside Assistant Professor Keita Kinoshita from Nanyang Technological University and Dr. Kento Nakagawa from the Faculty of Human Sciences, Waseda University, used a multi-method approach, combining secondary data analysis, self-reports, and neuroimaging measures to understand the connection between sports viewing and well-being in the general population. "A significant challenge in well-being research is the subjective nature of measurement procedures, potentially leading to biased findings. Therefore, our studies focused on both subjective and objective measures of well-being," explains Prof. Sato. Their research was published online on 22 March 2024 in Sports Management Review.

In the first study, the researchers analyzed large-scale publicly available data on the influence of watching sports on 20,000 Japanese residents. The results of this study confirmed the ongoing pattern of elevated reported well-being associated with regular sports viewing. However, this study was limited by its inability to provide deeper insight into the relationship between sports consumption and well-being.

The second study, an online survey aimed at investigating whether the connection between sports viewing and well-being varied depending on the type of sport observed, involved 208 participants. The experiment exposed them to various sports videos, assessing their well-being both before and after viewing. The findings underscored that widely embraced sports, like baseball, exerted a more significant impact on enhancing well-being compared to less popular sports, such as golf.

However, the most groundbreaking aspect of this research emerged in the third study. Here, the team employed neuroimaging techniques to scrutinize alterations in brain activity following sports viewing. Utilizing multimodal MRI neuroimaging measurement procedures, the brain activity of fourteen able-bodied Japanese participants was analyzed while they watched sports clips. The results of this investigation illuminated that, sports viewing triggered activation in the brain's reward circuits, indicative of feelings of happiness or pleasure. Additionally, a noteworthy finding surfaced in the structural image analysis. It revealed that individuals who reported watching sports more frequently exhibited greater gray matter volume in regions associated with reward circuits, suggesting that regular sports viewing may gradually induce changes in brain structures. "Both subjective and objective measures of well-being were found to be positively influenced by engaging in sports viewing. By inducing structural changes in the brain's reward system over time, it fosters long-term benefits for individuals. For those seeking to enhance their overall well-being, regularly watching sports, particularly popular ones such as baseball or soccer, can serve as an effective remedy," comments Prof. Sato.

The study has profound implications and theoretical contributions to sports management literature. Existing literature has primarily focused on sports fans; however, this study has taken into consideration a larger general population irrespective of their relationship to sports consumption. This research can contribute significantly to sports management practices and policymaking for public health.
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Even the simplest marine organisms tend to be individualistic | ScienceDaily
Sport junkie or couch potato? Always on time or often late? The animal kingdom, too, is home to a range of personalities, each with its own lifestyle. In a study just released in the journal PLOS Biology, a team led by Soren Hafker and Kristin Tessmar-Raible from the Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research (AWI) and the University of Vienna report on a surprising discovery: even simple marine polychaete worms shape their day-to-day lives on the basis of highly individual rhythms. This diversity is of interest not just for the future of species and populations in a changing environment, but also for medicine.


						
At first glance, the star of the new study may not seem particularly impressive: only a few centimetres long, Platynereis dumerilii is a species of polychaete worm that can be found in temperate to tropical coastal waters around the globe; if your goal is to find outstanding animal personalities, surely there are better suited candidates. But that wasn't the primary goal of the study, which experts from the AWI, the Max Perutz Labs in Vienna, the Universities of Vienna and Oldenburg, and the Katholieke Universiteit Leuven in Belgium contributed to. First and foremost, the researchers were interested in the internal clocks that dictate countless organisms' daily rhythms.

"Biological timing is important at a number of levels," explains Kristin Tessmar-Raible, a biologist at the AWI. "The ecological ties between species depend just as much on it as they do on biochemical processes at the cellular level." But how do organisms' internal clocks react when human beings warm the climate or use artificial light to turn night into day? "When it comes to marine organisms, we still know very little," says Soren Hafker, the study's main author. In this regard, rhythms are especially important in their lives: temperature, available light and food, and various other factors change throughout the day, and the organisms have to respond accordingly. They adapt their behaviour, metabolism, and genetic activity to these external rhythms.

However, it remains unclear whether they'll be equally successful at doing so in the future. And when their internal clocks no longer match their environment, it can become a matter of survival. "As such, we need a much better understanding of how the rhythms of the oceans are changing and what it will mean for individual species and populations," the biologist stresses -- which means there's a wealth of reasons to take a closer look at the daily behaviour of Platynereis dumerilii. In fact, for chronobiology, which focuses on organisms' internal clocks, this distant relative of the dew worm has become one of the most important model species.

In past experiments, the team had noticed how the worms had quite disparate daily rhythms. Among human beings, it's a familiar phenomenon: early birds rarely turn into night owls, and vice versa. But what about in marine polychaete worms? Are their behavioural differences just random variations or do they also have a personal tact? To find out, the group systematically observed the worms' daily activities when there was a new moon. What they saw: some individuals became active at exactly the same time every night. In turn, others appeared to be arrhythmic "couch potatoes" that were only occasionally active -- plus, there were various "shades of grey" between these two extremes. When the same worms were observed again several weeks later, their behaviour remained largely unchanged: once a couch potato, always a couch potato. "We were very surprised to see how reproducible the individual behavioural rhythms were," says Tessmar-Raible. "This shows us that even worms have tiny, rhythmic personalities, so to speak."

More individuality = more resiliency

To gain further insights into these behavioural differences, the group systematically compared the genetic activity in the heads of worms prone to particularly rhythmic and arrhythmic behaviour. Surprisingly, they found that the daily internal clock worked perfectly fine in all specimens, even the arrhythmic "couch potatoes," and that the number of genes with rhythmic activity was nearly as high as in the "punctual" worms. The wide range of strategies they employ could offer the worms an evolutionary edge, as the experts surmise. After all, they live in a coastal environment with highly variable conditions; as such, lifestyle A might be the best choice for a given spot, while not far away, lifestyle B might be a better fit. In addition, this form of individuality could make them more resilient to major anthropogenic changes -- in a transforming world, this diversity increases the chances of at least some worms being able to cope with their new circumstances.

But the study doesn't just offer new insights into marine rhythms; it also underscores the fact that the processes at work within a given organism aren't necessarily reflected in its behaviour: even among the couch potato worms, the genetic activity follows a daily rhythm, even if it's not externally recognisable. And that's likely true not just for worms, but for human beings as well. "That's why such findings are also exciting for fields like chronomedicine," says Tessmar-Raible.

In recent years, there have been intensified and successful efforts to bear patients' individual daily rhythms in mind in the context of treating them. But, just as with the worms observed, they consist of various components, ranging from behaviour to genetic activity, which can react differently to medications and the timing of when they are administered. Accordingly, especially when it comes to human beings, it is important for chronomedical analyses to consider several different levels -- if even worms can be so individualistic, our species is likely no exception.
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Pyrite, also known as fool's gold, may contain valuable lithium, a key element for green energy | ScienceDaily
There's a reason airlines won't let you put your laptop in your checked luggage; the lithium-ion battery poses a serious fire hazard. But why? Lithium is incredibly reactive. For instance, pure lithium violently interacts with seemingly innocuous water, releasing heat and forming highly flammable hydrogen. This reactivity, however, is exactly why lithium makes a great material for batteries, and why it is a critical mineral for the green energy transition. Lithium-ion batteries are widely used in electric vehicles. Plus, they can store energy produced by renewable resources like solar and wind.


						
In recent years, lithium demand has skyrocketed. Primary sources for lithium like pegmatites and volcanic clays are well understood, but finding other stores that are safe and economical to exploit would be helpful. To that end, a team led by researchers from West Virginia University is exploring whether previous industrial operations (e.g., mine tailings or drill cuttings) could serve as a source of additional lithium without generating new waste materials. Shailee Bhattacharya, a sedimentary geochemist and doctoral student working with Professor Shikha Sharma in theIsoBioGeM Lab at West Virginia University, will present the team's findings next week during the European Geosciences Union (EGU) General Assembly 2024.

The study focuses on 15 middle-Devonian sedimentary rock samples from the Appalachian basin in the U.S. The team found plenty of lithium in pyrite minerals in shale, Bhattacharya said, "which is unheard of."

Though the geologic literature lacked information on the intersection between lithium and sulfur-rich pyrite, the electrochemical and engineering world has already begun to look at how lithium-sulfur batteries could replace lithium-ion ones, Bhattacharya said. "I am trying to understand how lithium and pyrite could be associated with one another."

As it turns out, organic-rich shale may show potential for higher lithium recovery as a result of that curious interaction between lithium and pyrite. However, whether the observations can be extrapolated beyond samples from the current study site is not known. "This is a well-specific study," Bhattacharya cautioned. But, this work is promising because it hints at the possibility that certain shales could be a lithium source that doesn't require new mines. "We can talk about sustainable energy without using a lot of energy resources," she said.
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Bonobos are more aggressive than previously thought, study shows | ScienceDaily
Chimpanzees and bonobos are often thought to reflect two different sides of human nature -- the conflict-ready chimpanzee versus the peaceful bonobo -- but a new study publishing April 12 in the journal Current Biology shows that, within their own communities, male bonobos are more frequently aggressive than male chimpanzees. For both species, more aggressive males had more mating opportunities.


						
"Chimpanzees and bonobos use aggression in different ways for specific reasons," says anthropologist and lead author Maud Mouginot of Boston University. "The idea is not to invalidate the image of bonobos being peaceful -- the idea is that there is a lot more complexity in both species."

Though previous studies have investigated aggression in bonobos and chimpanzees, this is the first study to directly compare the species' behavior using the same field methods. The researchers focused on male aggression, which is often tied to reproduction, but they note that female bonobos and chimpanzees are not passive, and their aggression warrants its own future research.

To compare bonobo and chimpanzee aggression, the team scrutinized rates of male aggression in three bonobo communities at the Kokolopori Bonobo Reserve (Democratic Republic of Congo) and two chimpanzee communities at Gombe National Park (Tanzania). Overall, they examined the behavior of 12 bonobos and 14 chimpanzees by conducting "focal follows," which involved tracking one individual's behavior for an entire day and taking note of how often they engaged in aggressive interactions, who these interactions were with, and whether they were physical or not (e.g., whether the aggressor engaged in pushing and biting or simply chased their adversary).

"You go to their nests and wait for them to wake up and then you just follow them the entire day -- from the moment they wake up to the moment they go to sleep at night -- and record everything they do," says Mouginot.

To their surprise, the researchers found that male bonobos were more frequently aggressive than chimpanzees. Overall, bonobos engaged in 2.8 times more aggressive interactions and 3 times as many physical aggressions.

While male bonobos were almost exclusively aggressive toward other males, chimpanzees were more likely to act aggressively toward females. Chimpanzee aggression was also more likely to involve "coalitions" of males (13.2% vs. 1% of bonobo aggressions). The researchers think that these coalitions might be one reason why aggression is less frequent among chimpanzees. Altercations involving groups of males have the potential to cause more injuries, and within-community fighting could also weaken the group's ability to fight off other groups of chimpanzees. Bonobos don't have this issue because most of their disputes are one on one, they have never been observed to kill one another, and they are not thought to be territorial, which leaves their communities free to bicker among themselves.




For both chimpanzees and bonobos, more aggressive males had greater mating success. The researchers were surprised to find this in bonobos, which have a co-dominant social dynamic in which females often outrank males, compared to chimpanzees, which have male-dominated hierarchies in which male coalitions coerce females into mating.

"Male bonobos that are more aggressive obtain more copulations with females, which is something that we would not expect," said Mouginot. "It means that females do not necessarily go for nicer males."

These findings partially contradict a prevailing hypothesis in primate and anthropological behavior -- the self-domesticating hypothesis -- which posits that aggression has been selected against in bonobos and humans but not chimpanzees.

The researchers were not able to assess the severity of aggressive interactions in terms of whether they resulted in wounds or injuries, but this is data that they hope to collect in future. They also want to compare aggressive behavior in other groups of chimpanzees and bonobos as it's possible that behavior varies between communities and subspecies.

"I'd love to have the study complemented with comparable data from other field sites so we can get a broader understanding of variation within and between species," says Mouginot.
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Brightest gamma-ray burst of all time came from the collapse of a massive star | ScienceDaily
In October 2022, an international team of researchers, including Northwestern University astrophysicists, observed the brightest gamma-ray burst (GRB) ever recorded, GRB 221009A.


						
Now, a Northwestern-led team has confirmed that the phenomenon responsible for the historic burst -- dubbed the B.O.A.T. ("brightest of all time") -- is the collapse and subsequent explosion of a massive star. The team discovered the explosion, or supernova, using NASA's James Webb Space Telescope (JWST).

While this discovery solves one mystery, another mystery deepens.

The researchers speculated that evidence of heavy elements, such as platinum and gold, might reside within the newly uncovered supernova. The extensive search, however, did not find the signature that accompanies such elements. The origin of heavy elements in the universe continues to remain as one of astronomy's biggest open questions.

The research will be published on Friday (April 12) in the journal Nature Astronomy.

"When we confirmed that the GRB was generated by the collapse of a massive star, that gave us the opportunity to test a hypothesis for how some of the heaviest elements in the universe are formed," said Northwestern's Peter Blanchard, who led the study. "We did not see signatures of these heavy elements, suggesting that extremely energetic GRBs like the B.O.A.T. do not produce these elements. That doesn't mean that all GRBs do not produce them, but it's a key piece of information as we continue to understand where these heavy elements come from. Future observations with JWST will determine if the B.O.A.T.'s 'normal' cousins produce these elements."

Blanchard is a postdoctoral fellow at Northwestern's Center for Interdisciplinary Exploration and Research in Astrophysics (CIERA), where he studies superluminous supernovae and GRBs. The study includes co-authors from the Center for Astrophysics | Harvard & Smithsonian; University of Utah; Penn State; University of California, Berkeley; Radbound University in the Netherlands; Space Telescope Science Institute; University of Arizona/Steward Observatory; University of California, Santa Barbara; Columbia University; Flatiron Institute; University of Greifswald and the University of Guelph.




Birth of the B.O.A.T.

When its light washed over Earth on Oct. 9, 2022, the B.O.A.T. was so bright that it saturated most of the world's gamma-ray detectors. The powerful explosion occurred approximately 2.4 billion light-years away from Earth, in the direction of the constellation Sagitta and lasted a few hundred seconds in duration. As astronomers scrambled to observe the origin of this incredibly bright phenomenon, they were immediately hit with a sense of awe.

"As long as we have been able to detect GRBs, there is no question that this GRB is the brightest we have ever witnessed by a factor of 10 or more," Wen-fai Fong, an associate professor of physics and astronomy at Northwestern's Weinberg College of Arts and Sciences and member of CIERA, said at the time.

"The event produced some of the highest-energy photons ever recorded by satellites designed to detect gamma rays," Blanchard said. "This was an event that Earth sees only once every 10,000 years. We are fortunate to live in a time when we have the technology to detect these bursts happening across the universe. It's so exciting to observe such a rare astronomical phenomenon as the B.O.A.T. and work to understand the physics behind this exceptional event."

A 'normal' supernova

Rather than observe the event immediately, Blanchard, his close collaborator Ashley Villar of Harvard University and their team wanted to view the GRB during its later phases. About six months after the GRB was initially detected, Blanchard used the JWST to examine its aftermath.




"The GRB was so bright that it obscured any potential supernova signature in the first weeks and months after the burst," Blanchard said. "At these times, the so-called afterglow of the GRB was like the headlights of a car coming straight at you, preventing you from seeing the car itself. So, we had to wait for it to fade significantly to give us a chance of seeing the supernova."

Blanchard used the JWST's Near Infrared Spectrograph to observe the object's light at infrared wavelengths. That's when he saw the characteristic signature of elements like calcium and oxygen typically found within a supernova. Surprisingly, it wasn't exceptionally bright -- like the incredibly bright GRB that it accompanied.

"It's not any brighter than previous supernovae," Blanchard said. "It looks fairly normal in the context of other supernovae associated with less energetic GRBs. You might expect that the same collapsing star producing a very energetic and bright GRB would also produce a very energetic and bright supernova. But it turns out that's not the case. We have this extremely luminous GRB, but a normal supernova."

Missing: Heavy elements

After confirming -- for the first time -- the presence of the supernova, Blanchard and his collaborators then searched for evidence of heavy elements within it. Currently, astrophysicists have an incomplete picture of all the mechanisms in the universe that can produce elements heavier than iron.

The primary mechanism for producing heavy elements, the rapid neutron capture process, requires a high concentration of neutrons. So far, astrophysicists have only confirmed the production of heavy elements via this process in the merger of two neutron stars, a collision detected by the Laser Interferometer Gravitational-Wave Observatory (LIGO) in 2017. But scientists say there must be other ways to produce these elusive materials. There are simply too many heavy elements in the universe and too few neutron-star mergers.

"There is likely another source," Blanchard said. "It takes a very long time for binary neutron stars to merge. Two stars in a binary system first have to explode to leave behind neutron stars. Then, it can take billions and billions of years for the two neutron stars to slowly get closer and closer and finally merge. But observations of very old stars indicate that parts of the universe were enriched with heavy metals before most binary neutron stars would have had time to merge. That's pointing us to an alternative channel."

Astrophysicists have hypothesized that heavy elements also might be produced by the collapse of a rapidly spinning, massive star -- the exact type of star that generated the B.O.A.T. Using the infrared spectrum obtained by the JWST, Blanchard studied the inner layers of the supernova, where the heavy elements should be formed.

"The exploded material of the star is opaque at early times, so you can only see the outer layers," Blanchard said. "But once it expands and cools, it becomes transparent. Then you can see the photons coming from the inner layer of the supernova."

"Moreover, different elements absorb and emit photons at different wavelengths, depending on their atomic structure, giving each element a unique spectral signature," Blanchard explained. "Therefore, looking at an object's spectrum can tell us what elements are present. Upon examining the B.O.A.T.'s spectrum, we did not see any signature of heavy elements, suggesting extreme events like GRB 221009A are not primary sources. This is crucial information as we continue to try to pin down where the heaviest elements are formed."

Why so bright?

To tease apart the light of the supernova from that of the bright afterglow that came before it, the researchers paired the JWST data with observations from the Atacama Large Millimeter/Submillimeter Array (ALMA) in Chile.

"Even several months after the burst was discovered, the afterglow was bright enough to contribute a lot of light in the JWST spectra," said Tanmoy Laskar, an assistant professor of physics and astronomy at the University of Utah and a co-author on the study. "Combining data from the two telescopes helped us measure exactly how bright the afterglow was at the time of our JWST observations and allow us to carefully extract the spectrum of the supernova."

Although astrophysicists have yet to uncover how a "normal" supernova and a record-breaking GRB were produced by the same collapsed star, Laskar said it might be related to the shape and structure of the relativistic jets. When rapidly spinning, massive stars collapse into black holes, they produce jets of material that launch at rates close to the speed of light. If these jets are narrow, they produce a more focused -- and brighter -- beam of light.

"It's like focusing a flashlight's beam into a narrow column, as opposed to a broad beam that washes across a whole wall," Laskar said. "In fact, this was one of the narrowest jets seen for a gamma-ray burst so far, which gives us a hint as to why the afterglow appeared as bright as it did. There may be other factors responsible as well, a question that researchers will be studying for years to come."

Additional clues also may come from future studies of the galaxy in which the B.O.A.T. occurred. "In addition to a spectrum of the B.O.A.T. itself, we also obtained a spectrum of its 'host' galaxy," Blanchard said. "The spectrum shows signs of intense star formation, hinting that the birth environment of the original star may be different than previous events."

Team member Yijia Li, a graduate student at Penn State, modeled the spectrum of the galaxy, finding that the B.O.A.T.'s host galaxy has the lowest metallicity, a measure of the abundance of elements heavier than hydrogen and helium, of all previous GRB host galaxies. "This is another unique aspect of the B.O.A.T. that may help explain its properties," Li said.

The study, "JWST detection of a supernova associated with GRB 221009A without an r-process signature," was supported by NASA (award number JWST-GO-2784) and the National Science Foundation (award numbers AST-2108676 and AST-2002577). This work is based on observations made with the NASA/ESA/CSA James Webb Space Telescope.
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Stellar winds of three sun-like stars detected for the first time | ScienceDaily
An international research team led by a researcher from the University of Vienna has for the first time directly detected stellar winds from three Sun-like stars by recording the X-ray emission from their astrospheres, and placed constraints on the mass loss rate of the stars via their stellar winds. The study is currently published in Nature Astronomy.


						
Astrospheres, stellar analogues of the heliosphere that surrounds our solar system, are very hot plasma bubbles blown by stellar winds into the interstellar medium, a space filled with gas and dust. The study of the stellar winds of low-mass stars similar to the Sun allows us to understand stellar and planetary evolution, and ultimately the history and future of our own star and solar system. Stellar winds drive many processes that evaporate planetary atmospheres into space and therefore lead to atmospheric mass loss.

Although escape rates of planets over an hour or even a year are tiny, they operate over long geological periods. The losses accumulate and can be a decisive factor for a planet evolving into a habitable world or an airless rock. Despite their importance for the evolution of both stars and planets, winds of Sun-like stars are notoriously difficult to constrain. Mainly composed of protons and electrons, they also contain a small quantity of heavier highly charged ions (e.g. oxygen, carbon). It is these ions which, by capturing electrons from the neutrals of the interstellar medium around the star, emit X-rays.

X-ray emission from astropheres detected

An international research team led by Kristina Kislyakova, Senior Scientist at the Department of Astrophysics of the University of Vienna, has detected for the first time the X-ray emission from the astrospheres around three sun-like stars, so called main sequence stars which are stars in the prime of their life, and has thus recorded such winds for the first time directly, allowing them to place constraints on the mass loss rate of the stars via their stellar winds.

These results, based on observations with the XMM-Newton space telescope, are currently published in Nature Astronomy. The researchers observed the spectral fingerprints (so-called spectral lines) of the oxygen ions with XMM-Newton and were able to determine the quantity of oxygen and ultimately the total mass of stellar wind emitted by the stars. For the three stars with detected astrospheres, named 70 Ophiuchi, epsilon Eridani, and 61 Cygni, the researchers estimated their mass loss rates to be 66.5+-11.1, 15.6+-4.4, and 9.6+-4.1 times the solar mass loss rate, respectively. This means that the winds from these stars are much stronger than the solar wind, which might be explained by stronger magnetic activity of these stars.

"In the solar system, solar wind charge exchange emission has been observed from planets, comets, and the heliosphere and provides a natural laboratory to study the solar wind's composition," explains the lead author of the study, Kristina Kislyakova. "Observing this emission from distant stars is much more tricky due to the faintness of the signal. In addition to that, the distance to the stars makes it very difficult to disentangle the signal emitted by the astrosphere from the actual X-ray emission of the star itself, part of which is "spread" over the field-of-view of the telescope due to instrumental effects. We have developed a new algorithm to disentangle the stellar and the astrospheric contributions to the emission and detected charge exchange signals originating from stellar wind oxygen ions and the surrounding neutral interstellar medium of three main-sequence stars. This has been the first time X-ray charge exchange emission from astrospheres of such stars has been detected. Our estimated mass loss rates can be used as a benchmark for stellar wind models and expand our limited observational evidence for the winds of Sun-like stars."

Co-author Manuel Gudel, also of the University of Vienna, adds, "there have been world-wide efforts over three decades to substantiate the presence of winds around Sun-like stars and measure their strengths, but so far only indirect evidence based on their secondary effects on the star or its environment alluded to the existence of such winds; our group previously tried to detect radio emission from the winds but could only place upper limits to the wind strengths while not detecting the winds themselves. Our new X-ray based results pave the way to finding and even imaging these winds directly and studying their interactions with surrounding planets."

"In the future, this method of direct detection of stellar winds in X-rays will be facilitated thanks to future high resolution instruments, like the X-IFU spectrometer of the European Athena mission. The high spectral resolution of X-IFU will resolve the finer structure and emission ratio of the oxygen lines (as well as other fainter lines), that are hard to distinguish with XMM's CCD resolution, and provide additional constraints on the emission mechanism; thermal emission from the stars, or non-thermal charge exchange from the astrospheres." -- explains CNRS researcher Dimitra Koutroumpa, a co-author of the study.
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Iconic savanna mammals face genetic problems due to fences and roads | ScienceDaily
Whether by way of Attenborough, Disney or National Geographic, the iconic scene is familiar to many. The ground trembles and clouds of dust swirl as enormous hordes of large animals thunder across the African savanna, cross rivers en masse and are picked off by lions, hyena and crocodiles. The annual migration of 1.3 million wildebeest through Tanzania's Serengeti and Kenya's Masai Mara attracts hundreds of thousands of tourists, and the phenomenon has put the Serengeti on UNESCO's list of World Heritage sites. Besides its majestic sight, the migration of this emblematic species is important for the ecological functioning of ecosystems.


						
Unfortunately, epic annual migrations of this scale are only found in a few places on the African continent now. In some areas, roads, fences, farms and urban sprawl have fractured the historic migratory routes of wildebeest herds and prevented them from roaming far and wide in search of fresh grass and water. A new study led by researchers from the University of Copenhagen shows that the genetic health of wildebeest has suffered as a consequence.

"No one ever knew that this affected the genetics of wildebeest. But our results clearly show that wildebeest populations which no longer migrate, but have historically done so, are simply less genetically healthy than those that continue to migrate. And this weakens their chances of long-term survival," says Rasmus Heller, an associate professor at the Department of Biology and one of the new study's lead authors.

The results demonstrate that the genetic decline of non-migratory populations is reflected in several of the parameters by which genetic health is measured in nature conservation.

"Wildebeest that can no longer migrate have lower genetic diversity, are more genetically isolated and are more inbred. We expect this to lead to lower survival, reduced fertility and other negative effects on fitness," says Xiaodong Liu, one of the study's first authors and a postdoc at the Department of Biology.

Vulnerable to climate change

Overall, this iconic savanna grazer is not currently threatened. But in the long term, wildebeest herds that can no longer migrate will likely be worse off, for example, in the face of climate change.




"The long-term consequence is that populations with low genetic diversity are less equipped to cope with the effects of environmental changes. Their evolutionary potential is reduced. So, if climatic changes continue to occur, there isn't as much genetic variation for them to work with to adapt -- which could ultimately threaten their survival," says Rasmus Heller.

Researchers analyzed the whole genomes of 121 wildebeest from their entire range, which spans from South Africa to Kenya. This is the first time that scientific researchers have studied the genetic effect of migration in wildebeest.

"Because we studied the genomes of many wildebeest from virtually their entire range, we have been able to make a general genetic comparison of migratory versus non-migratory populations. And because we witness a consistent difference across multiple locations, the conclusion is clear. Indeed, we can say that the overall negative effect is evident in those wildebeest that have been prevented from migrating -- regardless of where they live on the continent," says Xiaodong Liu.

Planned road and rail corridors threaten the last great migration

While the total number of wildebeest remains fairly stable, many local populations have experienced steep declines and several have even collapsed in recent decades.

One hundred and fifty years ago, many wildebeest populations made great migrations. However, forty years ago, only two large intact wildebeest migrations remained in Africa: the famed Great Migration of the Serengeti-Mara and one in the Kalahari Desert of southern Africa.




"However, in Botswana in particular, fencing to protect cattle from coming into contact with migratory wild animals was put up in recent times. Botswana's Kalahari population declined from roughly 260,000 in the 1970's to fewer than 15,000 in the late 1980's. So today, the only remaining large population is that of the Serengeti-Mara. But the Serengeti-Mara migration is also threatened by plans for roads and rail corridors through the area, which worries many," says Mikkel Sinding from the Department of Biology, another of the study's first authors.

"As a species, wildebeest are dependent on migrations to support their large numbers. They can survive in resident, non-migratory populations, but their numbers simply shrink when they cannot migrate. For example, we see this in the populations in the other parts of Kenya and Tanzania that have been prevented from migrating and whose numbers have decreased as a result," says co-author Joseph O. Ogutu, a senior statistician in the Biostatistics Unit at the University of Hohenheim, who adds:

"The migrations of wildebeest make them a keystone species in ecosystems, as their grazing keeps vegetation healthy, transports and distributes nutrients, while they themselves serve as prey for predators and carrion for scavengers. Therefore, it isn't just the iconic animal that we threaten when we prevent them from migrating -- but many other species as well. And to that, we might add the enormous amount of tourism revenue that benefits governments and local communities."

Call to decision-makers 

The researchers hope that the new results will inspire investigations into the genetic effects of reduced migration among other species. And they hope that decision-makers keep the consequences in mind:

"The study shows us that wild animal species, for whom migration is an essential part of their biology, struggle to survive in an increasingly human-dominated world, unless special attention is paid to preserving their old and natural migratory routes. As such, we hope that people will be more cautious about continuing to disrupt these routes. This concern is not just with regards to wildebeest, but also for other migratory species in Africa and elsewhere," says Rasmus Heller. He concludes:

"If we want the species to not just exist for, say, the next 50 years, but to thrive and actually survive in the much longer term, we need to halt the genetic decay caused by curtailing their natural migration routes."

WHO GNU?
    	There are two species of wildebeest, or gnu; The common wildebeest -- also known as blue wildebeest/brindled gnu (Connochaetes taurinus) and the black wildebeest/white-tailed gnu (Connochaetes gnou). The common wildebeest/gnu is by far the most abundant and widespread species (see map).
    	Wildebeest are grass-eating ungulates (or hoofed mammals) in the Bovidae family, which also includes true antelopes, cattle, goats, sheep, and other even-toed horned ungulates. Among its closest relatives are the hartebeest, blesbok and bontebok antelopes.
    	The common wildebeest lives on the grasslands and savannas of eastern and southern Africa (Kenya, Tanzania, Botswana, Zambia, Zimbabwe, Mozambique, South Africa, Eswatini and Angola). Though now extinct in Malawi, they have been reintroduced in Namibia.
    	It is estimated that there are approximately 1.55 million common wildebeest and 18,000 white-tailed wildebeest.
    	The largest population of common wildebeest, the Serengeti-Mara population, is estimated to number about 1.5 million animals.

MIGRATING WILDEBEEST UNDER PRESSURE

The only remaining major wildebeest migration is the "Great Migration" in the Serengeti-Mara. Here, approximately 1.3 million wildebeest, accompanied by about 200,000 zebras and 400,000 gazelles, cover up to 3,000 kilometers annually in a clockwise cycle that follows seasonal rainfall patterns. But only the wildebeest and zebra from the Serengeti cross the Mara river into Kenya's Masai Mara.

Due to limited source material on African wildlife populations prior to the mid-1800's, the total number of historical wildebeest migrations is uncertain. However, it is known that migrations comparable to that of the Serengeti-Masai Mara population have been lost.

An example of this relates to two wildebeest subspecies known as the white-bearded wildebeest -- the Western white-bearded wildebeest, which makes up the Serengeti-Mara population, and the Eastern white-bearded wildebeest, whose migration was centered around Kenya's Kajiado County. From early European explorers and the first big game hunters, we know that both of these subspecies migrated a great deal historically. And, that they had very large populations, presumably of approximately similar size. While the Western white-bearded wildebeest was protected in the Serengeti-Mara from the early 1950s, increased human presence and activities dating back to the early 1900's put mounting pressure on the Eastern white-bearded subspecies. Today, only 6,000-8,000 Eastern white-bearded wildebeest remain and are divided into many, small isolated populations.
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Beautiful nebula, violent history: Clash of stars solves stellar mystery | ScienceDaily
When astronomers looked at a stellar pair at the heart of a stunning cloud of gas and dust, they were in for a surprise. Star pairs are typically very similar, like twins, but in HD 148937, one star appears younger and, unlike the other, is magnetic. New data from the European Southern Observatory (ESO) suggest there were originally three stars in the system, until two of them clashed and merged. This violent event created the surrounding cloud and forever altered the system's fate.


						
"When doing background reading, I was struck by how special this system seemed," says Abigail Frost, an astronomer at ESO in Chile and lead author of the study published today in Science. The system, HD 148937, is located about 3800 light-years away from Earth in the direction of the Norma constellation. It is made up of two stars much more massive than the Sun and surrounded by a beautiful nebula, a cloud of gas and dust. "A nebula surrounding two massive stars is a rarity, and it really made us feel like something cool had to have happened in this system. When looking at the data, the coolness only increased."

"After a detailed analysis, we could determine that the more massive star appears much younger than its companion, which doesn't make any sense since they should have formed at the same time!" Frost says. The age difference -- one star appears to be at least 1.5 million years younger than the other -- suggests something must have rejuvenated the more massive star.

Another piece of the puzzle is the nebula surrounding the stars, known as NGC 6164/6165. It is 7500 years old, hundreds of times younger than both stars. The nebula also shows very high amounts of nitrogen, carbon and oxygen. This is surprising as these elements are normally expected deep inside a star, not outside; it is as if some violent event had set them free.

To unravel the mystery, the team assembled nine years' worth of data from the PIONIER and GRAVITY instruments, both on ESO's Very Large Telescope Interferometer (VLTI), located in Chile's Atacama Desert. They also used archival data from the FEROS instrument at ESO's La Silla Observatory.

"We think this system had at least three stars originally; two of them had to be close together at one point in the orbit whilst another star was much more distant," explains Hugues Sana, a professor at KU Leuven in Belgium and the principal investigator of the observations. "The two inner stars merged in a violent manner, creating a magnetic star and throwing out some material, which created the nebula. The more distant star formed a new orbit with the newly merged, now-magnetic star, creating the binary we see today at the centre of the nebula."

"The merger scenario was already in my head back in 2017 when I studied nebula observations obtained with the European Space Agency's Herschel Space Telescope," adds co-author Laurent Mahy, currently a senior researcher at the Royal Observatory of Belgium. "Finding an age discrepancy between the stars suggests that this scenario is the most plausible one and it was only possible to show it with the new ESO data."

This scenario also explains why one of the stars in the system is magnetic and the other is not -- another peculiar feature of HD 148937 spotted in the VLTI data.

At the same time, it helps solve a long-standing mystery in astronomy: how massive stars get their magnetic fields. While magnetic fields are a common feature of low-mass stars like our Sun, more massive stars cannot sustain magnetic fields in the same way. Yet some massive stars are indeed magnetic.

Astronomers had suspected for some time that massive stars could acquire magnetic fields when two stars merge. But this is the first time researchers find such direct evidence of this happening. In the case of HD 148937, the merger must have happened recently. "Magnetism in massive stars isn't expected to last very long compared to the lifetime of the star, so it seems we have observed this rare event very soon after it happened," Frost adds.
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        Study identifies new metric for diagnosing autism
        Autism spectrum disorder has yet to be linked to a single cause, due to the wide range of its symptoms and severity. However, a recent study suggests a promising new approach to finding answers, one that could lead to advances in the study of other neurological conditions.

      

      
        Protecting brain cells with cannabinol
        Scientists created four cannabis-derived CBN analogs (chemical look-a-likes) with enhanced neuroprotective properties and potential for therapeutic application in neurological disorders like Alzheimer's, Parkinson's, and traumatic brain injury. Their findings reveal novel aspects of CBN's neuroprotective activity and demonstrate the clinical potential of CBN and value of studying its analogs.

      

      
        New data identifies trends in accidental opioid overdoses in children
        The US saw a 22% decline in rates of prescription-opioid overdose related emergency department (ED) visits in children 17 and younger between 2008 and 2019, but an uptick in the early part of the COVID-19 pandemic, according to a new study. The authors also note that rates of pediatric opioid overdoses remain high in many populations.

      

      
        Workings of working memory detailed
        Investigators have discovered how brain cells responsible for working memory -- the type required to remember a phone number long enough to dial it -- coordinate intentional focus and short-term storage of information.

      

      
        Adults with congenital heart disease faced higher risk of abnormal heart rhythms
        Adults with congenital heart defects were more likely to experience an abnormal, irregular heartbeat, finds a new study.

      

      
        AI speeds up drug design for Parkinson's by ten-fold
        Researchers have used artificial intelligence techniques to massively accelerate the search for Parkinson's disease treatments. The researchers designed and used an AI-based strategy to identify compounds that block the clumping, or aggregation, of alpha-synuclein, the protein that characterises Parkinson's.

      

      
        Tracking a protein's fleeting shape changes
        Researchers have developed a powerful, new technique to generate 'movies' of changing protein structures and speeds of up to 50 frames per second.

      

      
        Research explores how a father's diet could shape the health of his offspring
        A mice study suggests a father's diet may shape the anxiety of his sons and the metabolic health of his daughters before they are even conceived.

      

      
        Novel robotic training program reduces physician errors placing central lines
        More than five million central lines are placed in patients who need prolonged drug delivery, such as those undergoing cancer treatments, in the United States every year, yet the common procedure can lead to a bevy of complications in almost a million of those cases. Researchers developed a robotic simulation training program to provide trainee physicians with more practice on the procedure. A year after deploying the program the team found that all complication types -- mechanical issues, infect...

      

      
        Researchers uncover human DNA repair by nuclear metamorphosis
        Researchers have discovered a DNA repair mechanism that advances understanding of how human cells stay healthy, and which could lead to new treatments for cancer and premature aging.

      

      
        Researchers discover urine-based test to detect head and neck cancer
        Researchers have created a urine-based test that detects pieces of DNA fragments released by head and neck tumors. The test could potentially facilitate early detection of this cancer type, which currently does not have a reliable screening method.

      

      
        Nanoparticle delivery of FZD4 to lung endothelial cells inhibits lung cancer progression and metastases
        A recent breakthrough study has shown potential to improve therapeutic outcomes for patients suffering from lung cancers.

      

      
        Following cellular lineage
        Researchers have advanced the understanding of how the cerebral cortex develops by tracing the lineage of certain brain cells.

      

      
        Gender stereotypes in schools impact on girls and boys with mental health difficulties, study finds
        Gender stereotypes mean that girls can be celebrated for their emotional openness and maturity in school, while boys are seen as likely to mask their emotional distress through silence or disruptive behaviors, according to a recent study.

      

      
        Real-time detection of infectious disease viruses by searching for molecular fingerprinting
        Researchers develop breakthrough technology for wide-ranging and ultra-sensitive active nano-spectral sensor, surpassing current limitations.

      

      
        New treatment method using plasma irradiation promotes faster bone healing
        Aiming to shorten fracture recovery times, a research group is focusing on plasma irradiation as a treatment method to speed up bone healing.

      

      
        Common HIV treatments may aid Alzheimer's disease patients
        Scientists have identified promising real-world links between common HIV drugs and a reduced incidence of Alzheimer's disease.

      

      
        New Inflammatory Bowel Disease testing protocol could speed up diagnosis
        Patients with suspected inflammatory bowel disease (IBD) could benefit from better testing protocols that would reduce the need and lengthy wait for potentially unnecessary colonoscopies, a new study has found.

      

      
        Health behaviors accumulate and remain relatively stable throughout middle adulthood
        According to a recent study, either healthier or unhealthier health behaviors cluster among individuals. These health behavior patterns remain relatively stable in middle adulthood and are predicted by several sociodemographic and personality characteristics.

      

      
        New insights could unlock immunotherapy for rare, deadly eye cancer
        New research explains why metastatic uveal melanoma is resistant to conventional immunotherapies and how adoptive therapy, which involves growing a patient's T cells outside the body before reinfusing them, can successfully treat this rare and aggressive cancer.

      

      
        Biodiversity is key to the mental health benefits of nature
        New research has found that spaces with a diverse range of natural features are associated with stronger improvements in our mental wellbeing compared to spaces with less natural diversity.

      

      
        'One ring to rule them all': How actin filaments are assembled by formins
        Researchers have visualized at the molecular level how formins bind to the ends of actin filaments. This allowed them to uncover how formins mediate the addition of new actin molecules to a growing filament. Furthermore, the scientists elucidated the reasons for the different speeds at which the different formins promote this process.

      

      
        Deadly bacteria show thirst for human blood
        Some of the world's deadliest bacteria seek out and feed on human blood, a newly-discovered phenomenon researchers are calling 'bacterial vampirism.' Researchers have found the bacteria are attracted to the liquid part of blood, or serum, which contains nutrients the bacteria can use as food. One of the chemicals the bacteria seemed particularly drawn to was serine, an amino acid found in human blood that is also a common ingredient in protein drinks. The research finding, published in the journa...

      

      
        Teen stress may raise risk of postpartum depression in adults
        A research team reports that social stress during adolescence in female mice later results in prolonged elevation of the hormone cortisol after they give birth.

      

      
        Scientists identify cell vulnerability 'fingerprint' related to Parkinson's, Lewy body dementia
        A new study offers a first look into the complex molecular changes that occur in brain cells with Lewy bodies, which are key pathological hallmarks of Parkinson's disease and some dementias. The findings reveal that brain cells with Lewy bodies exhibit a specific gene expression pattern akin to a disease-related fingerprint.

      

      
        Take it from the rats:  A junk food diet can cause long-term damage to adolescent brains
        A study on the effects of a junk food diet on rats reinforces scientific understanding about the gut-brain connection.

      

      
        Family and media pressure to lose weight in adolescence linked to how people value themselves almost two decades later
        People who as teenagers felt pressure to lose weight from family or from the media, females, people who are not heterosexual, and people experiencing socioeconomic disadvantage, are most at risk of 'internalized' weight stigma, new research has found.

      

      
        Illuminating the path to hearing recovery
        Scientists aim to uncover the mysteries surrounding a specific receptor protein associated with hearing.

      

      
        Can animals count?
        Researchers have made a groundbreaking discovery regarding number sense in animals by confirming the existence of discrete number sense in rats, offering a crucial animal model for investigating the neural basis of numerical ability and disability in humans.

      

      
        AI enhances physician-patient communication
        A study shows that AI enhances physician-patient communication.

      

      
        Microplastics make their way from the gut to other organs
        Researchers have found that microplastics -- are having a significant impact on our digestive pathways, making their way from the gut and into the tissues of the kidney, liver and brain.

      

      
        Epilepsy drug prevents brain tumors in mice with NF1
        Researchers have discovered that an FDA-approved epilepsy drug can prevent or slow the growth of NF1-linked optic gliomas in mice, laying the groundwork for a clinical trial.

      

      
        Physical activity reduces stress-related brain activity to lower cardiovascular disease risk
        Over a ten-year period, biobank participants who met recommended levels of physical activity had a 23% lower risk of cardiovascular disease, and the protective effects were even more pronounced in individuals with depression.

      

      
        Specific nasal cells protect against COVID-19 in children
        Important differences in how the nasal cells of young and elderly people respond to the SARS-CoV-2 virus, could explain why children typically experience milder COVID-19 symptoms, a new study finds.

      

      
        Human muscle map reveals how we try to fight effects of aging
        The first comprehensive cell atlas of aging human muscle reveals the intricate genetic and cellular processes behind muscle deterioration and mechanisms to counteract it.

      

      
        New study sheds light on the mechanisms underlying the development of malignant pediatric brain tumors
        A new study revealed how aberrant epigenetic regulation contributes to the development of atypical teratoid/rhabdoid (AT/RT) tumors, which are aggressive brain tumors that mainly affect young children. There is an urgent need for more research in this area as current treatment options are ineffective against these highly malignant tumors.

      

      
        The joy of sports: How watching sports can boost well-being
        Sports, beyond entertainment, foster community and belonging, benefiting both individuals and society. Despite its recognized positive effects, limited evidence exists on the link between watching sports and well-being. To address this gap, a team of researchers conducted a multi-method research and found that sports viewing activates brain reward circuits, leading to improved well-being. Popular sports like baseball notably impact well-being. Their research offers insights for public health poli...

      

      
        Antibiotics aren't effective for most lower tract respiratory infections
        Use of antibiotics provided no measurable impact on the severity or duration of coughs even if a bacterial infection was present, finds a large, prospective study of people who sought treatment in U.S. primary or urgent care settings for lower-respiratory tract infections.

      

      
        School suspensions and exclusions put vulnerable children at risk
        Managing problematic student behavior is one of the most persistent, challenging, and controversial issues facing schools today. Yet despite best intentions to build a more inclusive and punitive-free education system, school suspensions and expulsions remain.

      

      
        Carbon beads help restore healthy gut microbiome and reduce liver disease progression
        Innovative carbon beads reduce bad bacteria and inflammation in animal models, which are linked to liver cirrhosis and other serious health issues.

      

      
        A third of women experience migraines associated with menstruation, most commonly when premenopausal
        A third of the nearly 20 million women who participated in a national health survey reports migraines during menstruation, and of them, 11.8 million, or 52.5%, were premenopausal.

      

      
        Study reveals potential to reverse lung fibrosis using the body's own healing technique
        A recent study uncovers a pathway used during normal wound healing that has the potential to reverse IPF.

      

      
        Inherited predisposition for higher muscle strength may protect against common morbidities
        A study showed that a genetic predisposition for higher muscle strength predicts a longer lifespan and a lower risk for developing common diseases. This is a highly comprehensive international study on hereditary muscle strength and its relationship to morbidity. The genome and health data of more than 340,000 Finns was used in the research.

      

      
        A novel machine learning model for the characterization of material surfaces
        Machine learning (ML) enables the accurate and efficient computation of fundamental electronic properties of binary and ternary oxide surfaces, as shown by scientists. Their ML-based model could be extended to other compounds and properties. The present research findings can aid in the screening of surface properties of materials as well as in the development of functional materials.

      

      
        Scientists uncover a missing link between poor diet and higher cancer risk
        A research team has unearthed new findings which may help explain the connection between cancer risk and poor diet, as well as common diseases like diabetes, which arise from poor diet. The insights gained from this study hold promise for advancing cancer prevention strategies aimed at promoting healthy aging.

      

      
        Decoding the language of cells: Unveiling the proteins behind cellular organelle communication
        A collaboration unveils a novel strategy for identifying key proteins in organelle communication. This approach advances our ability to pinpoint proteins essential for organelle interactions within specific spatial and temporal contexts.

      

      
        PFAS exposure from high seafood diets may be underestimated
        A study suggests that people with diets high in seafood may face a greater risk of exposure to PFAS -- the family of human-made toxins known as 'forever chemicals' -- than previously thought. The researchers stress the need for more stringent public health guidelines that establish how much seafood people can safely consume to limit their exposure, particularly in coastal areas where seafood is frequently eaten.

      

      
        Choosing sugary drinks over fruit juice for toddlers linked to risk of adult obesity
        Consuming sugar-sweetened drinks in the first few years of childhood can be linked to poor diet patterns that increase the risk of obesity in later life, according to a new study.

      

      
        Molecular causes of different functions of opioid receptors
        Drugs that target opioid receptors sometimes have severe side effects. Thousands of people around the world die every day from overdoses involving opioids such as fentanyl. Researchers have taken a closer look at the molecular mechanisms of these active substances.

      

      
        Melanomas resist drugs by 'breaking' genes
        A study has disentangled the mechanisms behind one of the ways melanoma cancer cells develop resistance to treatment. The study found that, in response to some drugs, melanomas can 'break' parts of their BRAF gene, which is mutated in 1 in 2 melanomas. This helps the tumor create alternative versions of the protein which lack regions targeted by one BRAF inhibitors, one of the main drugs used to treat this type of cancer, making treatment less effective. The findings pave the way for alternative ...
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Study identifies new metric for diagnosing autism | ScienceDaily
Autism spectrum disorder has yet to be linked to a single cause, due to the wide range of its symptoms and severity. However, a study by University of Virginia researchers suggests a promising new approach to finding answers, one that could lead to advances in the study of other neurological conditions.


						
Current approaches to autism research involve observing and understanding the disorder through the study of its behavioral consequences, using techniques like functional magnetic resonance imaging that map the brain's responses to input and activity, but little work has been done to understand what's causing those responses.

However, researchers with UVA's College and Graduate School of Arts & Sciences have been able to better understand the physiological differences between the brain structures of autistic and non-autistic individuals through the use of Diffusion MRI, a technique that measures molecular diffusion in biological tissue, to observe how water moves throughout the brain and interacts with cellular membranes. The approach has helped the UVA team develop mathematical models of brain microstructures that have helped identify structural differences in the brains of those with autism and those without.

"It hasn't been well understood what those differences might be," said Benjamin Newman, a postdoctoral researcher with UVA's Department of Psychology, recent graduate of UVA School of Medicine's neuroscience graduate program and lead author of a paper published this month in PLOS: One. "This new approach looks at the neuronal differences contributing to the etiology of autism spectrum disorder."

Building on the work of Alan Hodgkin and Andrew Huxley, who won the 1963 Nobel Prize in Medicine for describing the electrochemical conductivity characteristics of neurons, Newman and his co-authors applied those concepts to understand how that conductivity differs in those with autism and those without, using the latest neuroimaging data and computational methodologies. The result is a first-of-its-kind approach to calculating the conductivity of neural axons and their capacity to carry information through the brain. The study also offers evidence that those microstructural differences are directly related to participants' scores on the Social Communication Questionnaire, a common clinical tool for diagnosing autism.

"What we're seeing is that there's a difference in the diameter of the microstructural components in the brains of autistic people that can cause them to conduct electricity slower," Newman said. "It's the structure that constrains how the function of the brain works."

One of Newman's co-authors, John Darrell Van Horn, a professor of psychology and data science at UVA, said, that so often we try to understand autism through a collection of behavioral patterns which might be unusual or seem different.




"But understanding those behaviors can be a bit subjective, depending on who's doing the observing," Van Horn said. "We need greater fidelity in terms of the physiological metrics that we have so that we can better understand where those behaviors coming from. This is the first time this kind of metric has been applied in a clinical population, and it sheds some interesting light on the origins of ASD."

Van Horn said there's been a lot of work done with functional magnetic resonance imaging, looking at blood oxygen related signal changes in autistic individuals, but this research, he said "Goes a little bit deeper."

"It's asking not if there's a particular cognitive functional activation difference; it's asking how the brain actually conducts information around itself through these dynamic networks," Van Horn said. "And I think that we've been successful showing that there's something that's uniquely different about autistic-spectrum-disorder-diagnosed individuals relative to otherwise typically developing control subjects."

Newman and Van Horn, along with co-authors Jason Druzgal and Kevin Pelphrey from the UVA School of Medicine, are affiliated with the National Institute of Health's Autism Center of Excellence (ACE), an initiative that supports large-scale multidisciplinary and multi-institutional studies on ASD with the aim of determining the disorder's causes and potential treatments.

According to Pelphrey, a neuroscientist and expert on brain development and the study's principal investigator, the overarching aim of the ACE project is to lead the way in developing a precision medicine approach to autism.

"This study provides the foundation for a biological target to measure treatment response and allows us to identify avenues for future treatments to be developed," he said.

Van Horn added that study may also have implications for the examination, diagnosis, and treatment of other neurological disorders like Parkinson's and Alzheimer's.

"This is a new tool for measuring the properties of neurons which we are particularly excited about. We are still exploring what we might be able to detect with it," Van Horn said.
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Protecting brain cells with cannabinol | ScienceDaily
One in every 10 individuals above the age of 65 develops an age-related neurological disorder like Alzheimer's or Parkinson's, yet treatment options remain sparse for this population. Scientists have begun exploring whether cannabinoids -- compounds derived from the cannabis plant, like well-known THC (tetrahydrocannabinol) and CBD (cannabidiol) -- may offer a solution. A third, lesser-known cannabinoid called CBN (cannabinol) has recently piqued the interest of researchers, who have begun exploring the clinical potential of the milder, less psychoactive substance.


						
In a new study, scientists at the Salk Institute help explain how CBN protects the brain against aging and neurodegeneration, then use their findings to develop potential therapeutics. The researchers created four CBN-inspired compounds that were more neuroprotective than the standard CBN molecule -- one of which was highly effective in treating traumatic brain injury in a Drosophila fruit fly model.

The findings, published in Redox Biologyon March 29, 2024, suggest promise for CBN in treating neurological disorders like traumatic brain injury, Alzheimer's disease, and Parkinson's disease, and also highlight how further studies of CBN's effects on the brain could inspire the development of new therapies for clinical use.

"Not only does CBN have neuroprotective properties, but its derivatives have the potential to become novel therapeutics for various neurological disorders," says Research Professor Pamela Maher, senior author of the study. "We were able to pinpoint the active groups in CBN that are doing that neuroprotection, then improve them to create derivative compounds that have greater neuroprotective ability and drug-like efficacy."

Many neurological disorders involve the death of brain cells called neurons, due to the dysfunction of their power-generating mitochondria. CBN achieves its neuroprotective effect by preventing this mitochondrial dysfunction -- but how exactly CBN does this, and whether scientists can improve CBN's neuroprotective abilities, has remained unclear.

The Salk team previously found that CBN was modulating multiple features of mitochondrial function to protect neurons against a form of cell death called oxytosis/ferroptosis. After uncovering this mechanism of CBN's neuroprotective activity, they began applying both academic and industrial drug discovery methods to further characterize and attempt to improve that activity.

First, they broke CBN into small fragments and observed which of those fragments were the most effective neuroprotectors by chemically analyzing the fragment's properties. Second, they designed and constructed four novel CBN analogs -- chemical look-alikes -- in which those fragments were amplified, then moved them on to drug screening.




"We were looking for CBN analogs that could get into the brain more efficiently, act more quickly, and produce a stronger neuroprotective effect than CBN itself," says Zhibin Liang, first author and postdoctoral researcher in Maher's lab. "The four CBN analogs we landed on had improved medicinal chemical properties, which was exciting and really important to our goal of using them as therapeutics."

To test the chemical medicinal properties of the four CBN analogs, the team applied them to mouse and human nerve cell cultures. When they initiated oxytosis/ferroptosis in three different ways, they found that each of the four analogs 1) were able to protect the cells from dying, and 2) had similar neuroprotective abilities compared to regular CBN.

The successful analogs were then put to the test in a Drosophila fruit fly model of traumatic brain injury. One of the analogs, CP1, was especially effective in treating traumatic brain injury -- producing the highest survival rate after condition onset.

"Our findings help demonstrate the therapeutic potential of CBN, as well as the scientific opportunity we have to replicate and refine its drug-like properties," says Maher. "Could we one day give this CBN analog to football players the day before a big game, or to car accident survivors as they arrive in the hospital? We're excited to see how effective these compounds might be in protecting the brain from further damage."

In the future, the researchers will continue to screen and characterize these CBN analogs and refine their chemical designs. They will also begin looking more closely at age-related neurodegeneration and changes in brain cells, particularly in mitochondria, asking how we can better suit these drug-like compounds to promote cellular health and prevent neuronal dysfunction with age.

Other authors include David Soriano-Castell and Wolfgang Fischer of Salk; and Alec Candib and Kim Finley of the Shiley Bioscience Center at San Diego State University.

The work was supported by the Paul F. Glenn Center for Biology of Aging Research at the Salk Institute, the Bundy Foundation, the Shiley Foundation, the National Institutes of Health (R01AG067331, R21AG064287, R01AG069206, RF1AG061296, R21AG067334, NCI CCSG P30CA01495, NlA P30AG068635, S10OD021815), and the Helmsley Center for Genomic Medicine.
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New data identifies trends in accidental opioid overdoses in children | ScienceDaily
The US saw a 22% decline in rates of prescription-opioid overdose related emergency department (ED) visits in children 17 and younger between 2008 and 2019, but an uptick in the early part of the COVID-19 pandemic, according to a new study published this week in the open-access journal PLOS ONE by Henry Xiang of Nationwide Children's Hospital, US, and colleagues. The authors also note that rates of pediatric opioid overdoses remain high in many populations.


						
Opioid overdose has been declared a public health emergency in the United States but much of the focus has been on adults. In the new study, researchers analyzed overdoses in children by using data spanning 2008 to 2020 from the Nationwide Emergency Department Sample, which provides anonymized information on emergency department (ED) visits across the country.

Overall, prescription-opioid overdose ED visits for patients from 0-17 years old decreased by 22% from 2008 to 2019, and then increased by 12% in 2020. That overall increase could be mostly attributed to an increase in overdoses among males, children aged 12 to 17, and those in the West and Midwest. Across all time spans, the highest rates of overdoses were seen in ages 0 to 1 and ages 12 to 17, among females, and in urban teaching hospital EDs.

The authors conclude that efforts to reduce opioid overdoses should include increased focus on young children and adolescents and note that further studies could investigate the impact of the later years of the COVID-19 pandemic on the opioid epidemic.

The authors add: "Overall, prescription opioid overdose ED visits of US children had a decreasing trend during the past decade, suggesting the effectiveness of a variety of interventions and campaigns. However, 0-1 years and 12-17-year-olds still face a significant risk of prescription opioid overdose."
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Workings of working memory detailed | ScienceDaily
Cedars-Sinai investigators have discovered how brain cells responsible for working memory -- the type required to remember a phone number long enough to dial it -- coordinate intentional focus and short-term storage of information.


						
The study detailing their discovery was published in the peer-reviewed journal Nature.

"We have identified for the first time a group of neurons, influenced by two types of brain waves, that coordinate cognitive control and the storage of sensory information in working memory," said Jonathan Daume, PhD, a postdoctoral scholar in the Rutishauser Lab at Cedars-Sinai and first author of the study. "These neurons don't contain or store information, but are crucial to the storage of short-term memories."

Working memory, which requires the brain to store information for only seconds, is fragile and requires continued focus to be maintained, said Ueli Rutishauser, PhD, director of the Center for Neural Science and Medicine at Cedars-Sinai and senior author of the study. It can be affected by different diseases and conditions.

"In disorders such as Alzheimer's disease or attention-deficit hyperactivity disorder, it is often not memory storage, but rather the ability to focus on and retain a memory once it is formed that is the problem," said Rutishauser, who is a professor of Neurosurgery, Neurology and Biomedical Sciences at Cedars-Sinai. "We believe that understanding the control aspect of working memory will be fundamental for developing new treatments for these and other neurological conditions."

To explore how working memory functions, investigators recorded the brain activity of 36 hospitalized patients who had electrodes surgically implanted in their brains as part of a procedure to diagnose epilepsy. The team recorded the activity of individual brain cells and brain waves while the patients performed a task that required use of working memory.

On a computer screen, patients were shown either a single photo or a series of three photos of various people, animals, objects or landscapes. Next, the screen went blank for just under three seconds, requiring patients to remember the photos they just saw. They were then shown another photo and asked to decide whether it was the one (or one of the three) they had seen before.




When patients performing the working memory task were able to respond quickly and accurately, investigators noted the firing of two groups of neurons: "category" neurons that fire in response to one of the categories shown in the photos, such as animals, and "phase-amplitude coupling," or PAC, neurons.

PAC neurons, newly identified in this study, don't hold any content, but use a process called phase-amplitude coupling to ensure the category neurons focus and store the content they have acquired. PAC neurons fire in time with the brain's theta waves, which are associated with focus and control, as well as to gamma waves, which are linked to information processing. This allows them to coordinate their activity with category neurons, which also fire in time to the brain's gamma waves, enhancing patients' ability to recall information stored in working memory.

"Imagine when the patient sees a photo of a dog, their category neurons start firing 'dog, dog, dog' while the PAC neurons are firing 'focus/remember,'" Rutishauser said. "Through phase-amplitude coupling, the two groups of neurons create a harmony superimposing their messages, resulting in 'remember dog.' It is a situation where the whole is greater than the sum of its parts, like hearing the musicians in an orchestra play together. The conductor, much like the PAC neurons, coordinates the various players to act in harmony."

PAC neurons do this work in the hippocampus, a part of the brain that has long been known to be important for long-term memory. This study offers the first confirmation that the hippocampus also plays a role in controlling working memory, Rutishauser said.

This study was conducted as part of a multi-institutional consortium funded by the National Institutes of Health's Brain Research Through Advancing Innovative Neurotechnologies Initiative, or The BRAIN Initiative, and led by Cedars-Sinai. The data in this study is pooled across Cedars-Sinai, the University of Toronto, and the Johns Hopkins School of Medicine, resulting in a statistically powerful study that a single institution could not accumulate on its own given the difficulty of these experiments.

"One of the aims of the BRAIN Initiative is to uncover -- through the use of innovative technologies -- properties of the human brain that have so far been difficult, if not impossible, to study" said Dr. John Ngai, PhD, director of the NIH BRAIN Initiative. "Here, by leveraging unusual opportunities supported by the initiative to illuminate complex processes in humans, the Rutishauser Lab is shedding light on the way certain neurons support how memories are stored in the brain -- a process that is far from understood in devastating brain disorders such as Alzheimer's disease and other dementias."
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Adults with congenital heart disease faced higher risk of abnormal heart rhythms | ScienceDaily
Almost 1 in 5 adults with congenital heart disease living in Israel had or developed an abnormal heart rhythm/arrhythmia during a five-year study, according to new research published today in the Journal of the American Heart Association, an open access, peer-reviewed journal of the American Heart Association.


						
The study of more than 11,000 adults with congenital heart disease between 2007 and 2011 found that those who developed forms of abnormal heart rhythms had an increased risk for hospitalization and twice the risk of early death compared to study participants who did not have an irregular heart rhythm.

"Our findings highlight the need for ongoing, lifelong, clinical follow-up for people with congenital heart disease," said lead study author Nili Schamroth-Pravda, MBBCh, a cardiologist at the Rabin Medical Center in Petah Tikva, Israel. "With the improvement of medical and surgical techniques, the number of patients with congenital heart disease reaching adulthood is increasing, as well as the complications associated with these heart conditions.

"The health care system should be aware of the unfavorable effects of arrhythmias in this increasing population and the consequent increase in both primary care visits and hospitalizations," Schamroth-Pravda said.

The analysis found:
    	Almost 20% of adults with congenital heart disease had irregular heart rhythms at the study's start or developed them over five years.
    	Adults with congenital heart disease who developed a fast heart rate originating in the heart's upper chambers -- atrial tachyarrhythmia -- faced a 65% increased risk of dying earlier compared with those who did not have an irregular heartbeat.
    	Those who developed a fast heart rate caused by rapid contracting of the heart's lower chambers -- ventricular tachyarrhythmia -- faced a twofold increase of dying earlier compared with those who did not have an irregular heartbeat.
    	Patients who experienced abnormal heart rhythms (atrial arrythmia, ventricular arrythmia or atrioventricular block -- a slowed heartbeat) within the previous six months had up to a 33% higher rate of hospitalization compared to those without an abnormal heart rhythm.

Researchers note that surgical scar tissue in the heart, even years after repairing a congenital heart defect, may increase the risk for abnormal heart rhythms later in life. The challenge to clinicians is to achieve early detection and early management of arrhythmias that could pose life-threatening health risks. Learning more about the frequency of these different types of arrhythmias and how they progress among adults with congenital heart disease can help improve treatment for these patients and prevent complications and hospitalizations.

The study is among the first to analyze health care use in association with arrhythmias among adults with congenital heart disease.




"Our study suggests that the development of arrythmias is a critical point in the life of adult patients with congenital heart disease and this has a profound impact on the health care system providing care for these patients," Schamroth-Pravda said.

"Our study is from large, real-world data and gives insights into a population that is under-studied," she said. "Congenital heart disease can be varied with people having simple or complex heart lesions, however, they all carry some risk of an abnormal heart rhythm in later life and should be assessed individually and monitored on a regular basis."

According to the 2024 Heart Disease and Stroke Statistics: A Report of U.S. and Global Data From the American Heart Association, an estimated 13.3 million people globally were living with congenital heart diseases in 2019. Occurrences increased by 28% between 1990 and 2019, driven largely by increases in the number of adolescents, younger adults and middle-aged adults living with congenital heart diseases.

Study background and details:
    	The study included 11,653 adults with a diagnosis of congenital heart disease living in Israel between January 2007 and December 2011 and followed for 5 years. Citizens of Israel have universal health insurance, and this data was taken from the two largest national health services.
    	The average age of participants at the start of the study period was 47 years; 52% were women; 70% were Jewish, about 7% were Arab and 23% were noted as "mixed." "Mixed" referred to the group in which the locality of where the patients lived could not clarify the patient's ethnicity since there are regions in Israel with mixed Jewish/Arab residents.
    	The analysis of the data was conducted in 2023.
    	Most study participants had a single heart defect, and all had at least one documented congenital heart lesion or a specific congenital heart malformation repair procedure.
    	At least 18 distinct types of congenital heart defects -- some are simple and some are complex -- are recognized according to the American Heart Association.
    	Thirty percent of adults in this study had an atrial septal defect; 26% had aortic valve disease; and 14% had a ventricular septal defect.
    	A total of 8.7% of patients were diagnosed with tachyarrhythmia (abnormally fast heart rate), at the start of the study; 1.5% had a conduction disturbance, which is the slowing or abnormal conduction of electrical signals in the heart; and 0.5% had both conditions.
    	Among the subgroup with tachyarrhythmia 60% had abnormally fast heart rates in the upper atrial regions of the heart and 5.7% had abnormally fast heart rates in the lower ventricular regions of the heart.
    	Patients without arrhythmia at baseline were younger, with a median age of 45 years compared to patients with arrhythmia having a median age of 50 years.

One of the limitations of the findings is that it is based solely on patients in Israel. How these findings might translate to adults with congenital heart disease in the United States or elsewhere is unclear.
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AI speeds up drug design for Parkinson's by ten-fold | ScienceDaily
Researchers have used artificial intelligence techniques to massively accelerate the search for Parkinson's disease treatments.


						
The researchers, from the University of Cambridge, designed and used an AI-based strategy to identify compounds that block the clumping, or aggregation, of alpha-synuclein, the protein that characterises Parkinson's.

The team used machine learning techniques to quickly screen a chemical library containing millions of entries, and identified five highly potent compounds for further investigation.

Parkinson's affects more than six million people worldwide, with that number projected to triple by 2040. No disease-modifying treatments for the condition are currently available. The process of screening large chemical libraries for drug candidates -- which needs to happen well before potential treatments can be tested on patients -- is enormously time-consuming and expensive, and often unsuccessful.

Using machine learning, the researchers were able to speed up the initial screening process by ten-fold, and reduce the cost by a thousand-fold, which could mean that potential treatments for Parkinson's reach patients much faster. The results are reported in the journal Nature Chemical Biology.

Parkinson's is the fastest-growing neurological condition worldwide. In the UK, one in 37 people alive today will be diagnosed with Parkinson's in their lifetime. In addition to motor symptoms, Parkinson's can also affect the gastrointestinal system, nervous system, sleeping patterns, mood and cognition, and can contribute to a reduced quality of life and significant disability.

Proteins are responsible for important cell processes, but when people have Parkinson's, these proteins go rogue and cause the death of nerve cells. When proteins misfold, they can form abnormal clusters called Lewy bodies, which build up within brain cells stopping them from functioning properly.




"One route to search for potential treatments for Parkinson's requires the identification of small molecules that can inhibit the aggregation of alpha-synuclein, which is a protein closely associated with the disease," said Professor Michele Vendruscolo from the Yusuf Hamied Department of Chemistry, who led the research. "But this is an extremely time-consuming process -- just identifying a lead candidate for further testing can take months or even years."

While there are currently clinical trials for Parkinson's currently underway, no disease-modifying drug has been approved, reflecting the inability to directly target the molecular species that cause the disease.

This has been a major obstacle in Parkinson's research, because of the lack of methods to identify the correct molecular targets and engage with them. This technological gap has severely hampered the development of effective treatments.

The Cambridge team developed a machine learning method in which chemical libraries containing millions of compounds are screened to identify small molecules that bind to the amyloid aggregates and block their proliferation.

A small number of top-ranking compounds were then tested experimentally to select the most potent inhibitors of aggregation. The information gained from these experimental assays was fed back into the machine learning model in an iterative manner, so that after few iterations, highly potent compounds were identified.

"Instead of screening experimentally, we screen computationally," said Vendruscolo, who is co-Director of the Centre for Misfolding Diseases. "By using the knowledge we gained from the initial screening with our machine learning model, we were able to train the model to identify the specific regions on these small molecules responsible for binding, then we can re-screen and find more potent molecules."

Using this method, the Cambridge team developed compounds to target pockets on the surfaces of the aggregates, which are responsible for the exponential proliferation of the aggregates themselves. These compounds are hundreds of times more potent, and far cheaper to develop, than previously reported ones.

"Machine learning is having a real impact on the drug discovery process -- it's speeding up the whole process of identifying the most promising candidates," said Vendruscolo. "For us this means we can start work on multiple drug discovery programmes -- instead of just one. So much is possible due to the massive reduction in both time and cost -- it's an exciting time."

The research was conducted in the Chemistry of Health Laboratory in Cambridge, which was established with the support of the UK Research Partnership Investment Fund (UKRPIF) to promote the translation of academic research into clinical programmes.
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Tracking a protein's fleeting shape changes | ScienceDaily
Researchers at Weill Cornell Medicine have developed a powerful, new technique to generate "movies" of changing protein structures and speeds of up to 50 frames per second.


						
Senior author, Dr. Simon Scheuring, the Distinguished Professor of Anesthesiology Research at Weill Cornell Medicine and colleagues developed the new approach to gain a better understanding of how biological molecules change structurally over time. Although investigators in this field routinely image static proteins and other molecules finely enough to resolve the positions of individual atoms, the resulting structural pictures or models are snapshots. Recording the dynamics of molecular structures -- making movies -- has been a much harder challenge. The lead author of the study is Yining Jiang, a doctoral candidate in the Weill Cornell Graduate School of Biomedical Sciences.

In their study, published April 17 in Nature Structural & Molecular Biology, the researchers used a relatively new measurement technique called high-speed atomic-force microscopy (HS-AFM), which employs an extremely sensitive probe to scan across molecules' surfaces, essentially feeling their structures. As a key innovation, the scientists found a method to isolate their target molecule, a single protein, thus avoiding effects from protein-to-protein interactions and enabling faster and more precise scanning.

The researchers applied their new single-molecule HS-AFM approach to a protein called GltPh, a "transporter" that sits in the cell membrane, directing neurotransmitter molecules into the cell. Such transporters are among the favorite targets of structural biologists due to their complex and puzzling dynamics, and their importance in health and disease.

The researchers obtained dynamic structural data on GltPh with an unprecedented combination of high spatial and time resolution -- and stability, so that they could record tiny fluctuations in GltPh's structure continuously for minutes. An unsolved phenomenon in such proteins was termed 'wanderlust' kinetics, meaning that molecules were reported to functionally change between high and low activity modes, for no obvious reason. The work revealed a previously unseen structural state of GltPh, in which the transporter is locked and functionally asleep, uncovering the basis of 'wanderlust' kinetics.

The researchers emphasized that their new approach, which they are continually trying to optimize, is generalizable for studying other proteins, including membrane-embedded proteins. Overall, they said, this work opens up new possibilities to track the precise structure of a protein moment-by-moment during its cycles of activity and rest.

This research was supported by the National Institute of Health (NIH), National Center for Complementary and Integrative Health, grant DP1AT010874, and the National Institute of Neurological Disorders and Stroke, R01NS110790.
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Research explores how a father's diet could shape the health of his offspring | ScienceDaily

The research provides a step towards understanding how the effect of diet can transmit from one generation to the next via a father's sperm. It could ultimately inform dietary guidelines for fathers-to-be, with the goal of lowering the risk of metabolic disease and mood disorders in the next generation.

Parents like to believe they can shape the interests and behaviour of their children, with mixed success. But a new study from an international team of researchers confirms this is the case for mice, with father's shaping their offspring's health through their own diet.

Scientists have already discovered that a mouse father's diet can have an impact not only on his own reproductive health but on that of his offspring. Over- or under-feeding male mice can affect their offspring's metabolism and behaviour, as well as their risk of cancer. What is less understood is whether there are diverse types of health impacts on the health of offspring, depending on the type and composition of the diet of male mice before conception.

This was the starting point for the research by scientists in the international GECKO consortium, with lead investigators in Copenhagen, Sydney, and Chicago.

At the University of Sydney's Charles Perkins Centre in Australia researchers fed male mice one of ten diets differing in the proportions of protein, fats, and carbohydrates, then allowed them to mate with females reared on standard diet. The behaviour and physiology of the resulting pups were then studied.

Dietary composition as important as number of calories

The scientists discovered that male mice fed low protein and high carbohydrate diets were more likely to have male offspring with higher levels of anxiety, as measured by time spent in the safety zones of their maze. They also found that male mice that were fed high fat diets were more likely to have daughters with higher levels of body fat and markers of metabolic disease.




"Our study shows that the type of diet eaten before conception can program specific characteristics of the next generation," says co-senior author and leader of the GECKO consortium Professor Romain Barres, from the University of Copenhagen and Universite Cote d'Azur, Nice.

"It is extraordinary that by titrating mixtures of protein, fat and carbs in the father's diet we could influence specific features of his sons and daughters health and behaviour. There is some important biology at play here," said Professor Stephen Simpson, co-senior author and Academic Director of the Charles Perkins Centre at the University of Sydney.

The team also observed that males on a low protein diet also ate more food overall. However, thanks to the study design, they could determine that both the amount of calories, and the macronutrient composition of the males' diets, influenced the health of their offspring.

"Our study shows that it's not just eating too much or too little, but the composition of the diet that can have an impact on future children," says Professor Romain Barres.

The work was conducted in mice and has opened the way for the team to study the molecular mechanisms involved. The mouse work is part of a broader series of studies within the GECKO consortium, involving humans and other mammals at partner institutions.

"We think our study is a step towards establishing dietary guidelines for fathers to be, with the ultimate goal of lowering the risk of metabolic disease and mood disorders in the next generation," says Professor Romain Barres.
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Novel robotic training program reduces physician errors placing central lines | ScienceDaily
More than five million central lines are placed in patients who need prolonged drug delivery, such as those undergoing cancer treatments, in the United States every year, yet the common procedure can lead to a bevy of complications in almost a million of those cases. To help decrease the rate of infections, blood clots and other complications associated with placing a central line catheter, Penn State researchers developed an online curriculum coupled with a hands-on simulation training to provide trainee physicians with more practice.


						
Deployed in 2022 at the Penn State College of Medicine, the researchers recently assessed how the training impacted the prevalence of central line complications by comparing error rates from 2022-23, when the training had been fully implemented, to two prior years, 2016-17 and 2017-18, from before implementing the training. They found that all complication types -- mechanical issues, infections and blood clots -- were significantly lower after the training was launched.

They published their results in the Journal of Surgical Education. The researchers hold patents on the technology used in this work. In addition to working to improve the central line placement training, the team is also applying the framework to other common procedures with high complication rates, such as colonoscopies and laparoscopic surgeries.

"Our approach is focused on reducing preventable errors -- this paper is the first significant clinical evidence that we are moving the needle on the gap in clinical education and clinical practice," said Scarlett Miller, professor of industrial engineering and of mechanical engineering at Penn State and principal investigator on the project. "If we ensure physicians going through residency training are proficient in a skill, like placing central lines, we can minimize the risk on human life."

Traditional training for placing a central line and other routine surgical procedures starts with a resident watching a more senior doctor complete the process. Then, the resident is expected to do the procedure themselves, and, finally, they teach someone else to do the procedure.

"The problem with that approach is that there are very few checks in the process, and the resident only improves by working with patients -- who are at risk of complications," Miller said. "The simulation approach allows someone to try the procedure hundreds, thousands of times without putting anyone at risk."

The new approach -- the result of interdisciplinary work between engineers and clinicians, Miller said -- uses online- and simulation-based training to perform standardized ultrasound-guided internal jugular central venous catheterization (US-IJCVC), which is a central line placed into the internal jugular vein via the neck.




Residents first complete online training, which includes pre- and post-tests to evaluate knowledge gained. They then take that knowledge and apply in a skills lab, where they practice placing the central line on a novel dynamic haptic robotic trainer that can simulate various conditions and reactions. Residents can use ultrasound to image the line placement, like they would on a real person, on the robotic trainer, which offers automated feedback.

"We started with 25 surgical residents at the Penn State Health Milton S. Hershey Medical Center, then expanded to all of the residents at Hershey and partnered with Cedars-Sinai Medical Center in Los Angeles to bring the training to their residents," Miller said. "In total, we have trained about 700 physicians to date, and we train about 200 a year with our current funding."

It seems practice may get physicians closer to perfect, without the risk to human life, according to Miller. In this study, Miller and her team compared error rates from 2022, the first year the simulation training was fully deployed, to error rates from 2016 and 2017, when the training was not yet established. They did not use data from 2018-21, as the training was partially implemented but undergoing startup adjustments and challenges related to COVID that could not be controlled for a direct comparison. The researchers found that the range of reported error rates for mechanical complications -- such as puncturing an artery or misplacing the catheter -- increased from 10.4% in 2016 to 12.4% in 2017 but dropped to 7.3% in 2022. The same trend continued for error rates related to infections, with the 6.6% rate in 2016 increasing to 7.6% in 2017 and dropping to 4.1% in 2022. For blood clots, the error rates decreased from 12.3% in 2016 to 11.4% in 2017 to 8.1% in 2022.

"We're very motivated by the results to improve the system and hopefully expand it to other hospitals," Miller said. "We're reducing the error rates in a significant way, but we want more. We want zero errors."

Miller is also affiliated with the School of Engineering Design in the Penn State College of Engineering, the College of Information Sciences and Technology and the Department of Surgery in the Penn State College of Medicine. Paper co-authors include Jessica M. Gonzalez-Vargas, postdoctoral scholar in industrial engineering at Penn State; Elizabeth Sinz, associate medical director of the West Virginia University Critical Care and Trauma Institute; and Jason Moore, professor of mechanical engineering at Penn State.

The U.S. National Science Foundation and the National Institutes of Health's National Heart, Lung, and Blood Institute supported this work.
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Researchers uncover human DNA repair by nuclear metamorphosis | ScienceDaily
Researchers at the University of Toronto have discovered a DNA repair mechanism that advances understanding of how human cells stay healthy, and which could lead to new treatments for cancer and premature aging.


						
The study, published in the journal Nature Structural and Molecular Biology, also sheds light on the mechanism of action of some existing chemotherapy drugs.

"We think this research solves the mystery of how DNA double-strand breaks and the nuclear envelope connect for repair in human cells," said Professor Karim Mekhail, co-principal investigator on the study and a professor of laboratory medicine and pathobiology at U of T's Temerty Faculty of Medicine.

"It also makes many previously published discoveries in other organisms applicable in the context of human DNA repair, which should help science move even faster."

DNA double-strand breaks arise when cells are exposed to radiation and chemicals, and through internal processes such as DNA replication. They are one of the most serious types of DNA damage because they can stall cell growth or put it in overdrive, promoting aging and cancer.

The new discovery, made in human cells and in collaboration with Professor Razqallah Hakem, a researcher at University Health Network and professor at Temerty Medicine, extends prior research on DNA damage in yeast by Mekhail and other scientists.

In 2015, Mekhail and collaborators showed how motor proteins deep inside the nucleus of yeast cells transport double-strand breaks to 'DNA hospital-like' protein complexes embedded in the nuclear envelope at the edge of the nucleus.




Other studies uncovered related mechanisms during DNA repair in flies and other organisms. However, scientists exploring similar mechanisms in human and other mammalian cells reported little to no DNA mobility for most breaks.

"We knew that nuclear envelope proteins were important for DNA repair across most of these organisms, so we wondered how to explain the limited mobility of damaged DNA in mammalian cells," Mekhail says.

The answer is both surprising and elegant.

When DNA inside the nucleus of a human cell is damaged, a specific network of microtubule filaments forms in the cytoplasm around the nucleus and pushes on the nuclear envelope. This prompts the formation of tiny tubes, or tubules, which reach into the nucleus and catch most double-strand breaks.

"It's like fingers pushing on a balloon," says Mekhail. "When you squeeze a balloon, your fingers form tunnels in its structure, which forces some parts of the balloon's exterior inside itself."

Further research by the study authors detailed several aspects of this process. Enzymes called DNA damage response kinases and tubulin acetyltransferase are the master regulators of the process, and promote the formation of the tubules.




Enzymes deposit a chemical mark on a specific part of the microtubule filaments, which causes them to recruit tiny motor proteins and push on the nuclear envelope. Consequently, the repair-promoting protein complexes push the envelope deep into the nucleus, creating bridges to the DNA breaks.

"This ensures that the nucleus undergoes a form of reversible metamorphosis, allowing the envelope to temporarily infiltrate DNA throughout the nucleus, capturing and reconnecting broken DNA," says Mekhail.

The findings have significant implications for some cancer treatments.

Normal cells use the nuclear envelope tubules to repair DNA, but cancer cells appear to need them more. To explore the mechanism's potential impact, the team analyzed data representing over 8,500 patients with various cancers. The need was visible in several cancers, including triple-negative breast cancer, which is highly aggressive.

"There is a huge effort to identify new therapeutic avenues for cancer patients, and this discovery is a big step forward," says Hakem, a senior scientist at UHN's Princess Margaret Cancer Centre and a professor in U of T's department of medical biophysics and department of laboratory medicine and pathobiology.

"Until now, scientists were unclear as to the relative impact of the nuclear envelope in the repair of damaged DNA in human cells. Our collaboration revealed that targeting factors that modulate the nuclear envelope for damaged DNA repair effectively restrains breast cancer development," Hakem says.

In the aggressive triple negative breast cancer, there are elevated levels of the tubules, likely because they have more DNA damage than normal cells. When the researchers knocked out the genes needed to control the tubules, cancer cells were less able to form tumours.

One medication used to treat triple negative breast cancer is a class of drugs called PARP inhibitors. PARP is an enzyme that binds to and helps repair damaged DNA. PARP inhibitors block the enzyme from performing repair, preventing the ends of a DNA double-strand break in cancer cells from reconnecting to one another.

The cancer cells end up joining two broken ends that are not part of the same pair. As more mismatched pairs are created, the resulting DNA structures become impossible for cells to copy and divide.

"Our study shows that the drug's ability to trigger these mismatches relies on the tubules. When fewer tubules are present, cancer cells are more resistant to PARP inhibitors," says Hakem.

Partnerships among researchers in distinct fields was essential for the findings in cancer cells. The study underscores the importance of cross-disciplinary collaboration, Mekhail says.

"The brain power behind every project is crucial. Every team member counts. Also, every right collaborator added to the research project is akin to earning another doctorate in a new specialty; it's powerful," he says.

Mekhail notes the discovery is also relevant to premature aging conditions like progeria. The rare genetic condition causes rapid aging within the first two decades of life, commonly leading to early death.

Progeria is linked to a gene coding for lamin A. Mutations in this gene reduce the rigidity of the nuclear envelope. The team found that expression of mutant lamin A is sufficient to induce the tubules, which DNA damaging agents further boosted. The team thinks that even weak pressure on the nuclear envelope spurs the creation of tubules in premature aging cells.

The findings suggest that in progeria, DNA repair may be compromised by the presence of too many or poorly regulated tubules. The study results also have implications for many other clinical conditions, Mekhail says.

"It's exciting to think about where these findings will lead us next," says Mekhail. "We have excellent colleagues and incredible trainees here at Temerty Medicine and in our partner hospitals. We're already working toward following this discovery and using our work to create novel therapeutics."
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Researchers discover urine-based test to detect head and neck cancer | ScienceDaily
Researchers from the University of Michigan Health Rogel Cancer Center have created a urine-based test that detects pieces of DNA fragments released by head and neck tumors. The test could potentially facilitate early detection of this cancer type, which currently does not have a reliable screening method.


						
Human papillomavirus (HPV) is widely recognized for causing cervical cancer, but is increasingly found to cause cancers in the mouth, throat and other head and neck regions.

Early detection is critical because detecting a cancer at an earlier stage can lead to better outcomes for patients.

Using whole genome sequencing, the Rogel group showed that cell-free DNA fragments released by tumor cells, which are passed on from the bloodstream into urine through the kidneys, are predominantly ultra-short, with fewer than 50 base pairs. Given their small size, these fragments are likely to be missed using conventional urine or blood-based liquid biopsy tests in detecting circulating tumor DNA (ctDNA).

The research was led by Muneesh Tewari, M.D., Ph.D., professor of hematology and oncology, J. Chad Brenner, Ph.D., associate professor of otolaryngology-head and neck surgery, and Paul L. Swiecicki, M.D., associate medical director for the Oncology Clinical Trials Support Unit at Rogel. Initial results are published in JCI Insight.

"In this study we provide evidence to support the hypothesis that conventional assays do not detect ultrashort fragments found in urine, since they are designed to target longer DNA fragments. Our team used an unconventional approach to develop a urine test for HPV-positive head and neck cancer ctDNA detection," said study co-first author and research specialist Chandan Bhambhani, Ph.D.

Still in the discovery phase, this mail-in test has already been distributed for research purposes to patients within a hundred-plus miles from Ann Arbor, allowing scientists to gather significant data on the efficacy of the at-home kit. Participants collect a urine sample and have it shipped back to the U-M laboratory, where the testing can be done to detect the presence or absence of head and neck cancer.




"One of the most remarkable outcomes of this study is that the test that has been developed has detected cancer recurrences far earlier than would typically happen based on clinical imaging. As such, these promising results have given us the confidence to broaden the scope of the study, seeking to expanding distribution even further," said Brenner, co-senior author of the study.

While initial studies have focused on head and neck cancer, the paper also describes a new method that could be applied to expand the test to detect other cancers as well. For example, the authors show that the test can detect ctDNA in the urine of patients with breast cancer and acute myeloid leukemia. This suggests new opportunities to also study the application of urine-based testing for these additional cancers.

"Many people are not aware that urine carries information about many different cancer types, although it is made in the kidneys. Our findings about the difference in ctDNA fragment sizes and the test we developed for HPV-positive head and neck cancer detection provide crucial information on how urine-based diagnostic assays can be developed for different cancers," Bhambhani said. "Further, these types of tests are likely to have a much higher compliance in patients requiring follow-up testing post treatment, due to the convenience of self-collection of samples, when compared to blood-based assays."

Funding: NIH grants R33 CA229023, R21 CA225493; NIH/National Cancer Institute grants U01 CA183848, R01 CA184153, and P30CA046592; American Cancer Society RSG-18-062-01-TBG; American Cancer Society Mission Boost grant MBGI-22-056-01-MBG; and the A. Alfred Taubman Medical Research Institute.

Authors: Chandan Bhambhani, Qing Kang, Daniel H. Hovelson, Erin Sandford, Mary Olesnavich, Sarah M. Dermody, Jenny Wolfgang, Kirsten L. Tuck, Collin Brummel, Apurva D. Bhangale, Kuang He, Marc G. Gutierrez, Ryan H. Lindstrom, Chia-Jen Liu, Melissa Tuck, Malathi Kandarpa, Michelle Mierzwa, Keith Casper, Mark E. Prince, John C. Krauss, Moshe Talpaz, N. Lynn Henry, Maria D. Giraldez, Nithya Ramnath, Scott A. Tomlins, Paul L. Swiecicki, J. Chad Brenner, and Muneesh Tewari
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Nanoparticle delivery of FZD4 to lung endothelial cells inhibits lung cancer progression and metastases | ScienceDaily
A recent breakthrough study from the lab of Tanya Kalin, MD, PhD, professor of Child Health and Internal Medicine at the University of Arizona College of Medicine -- Phoenix, has shown potential to improve therapeutic outcomes for patients suffering from lung cancers.


						
"We have identified the novel protein FOXF1 that stabilizes blood vessels inside the lung tumors, decreases intertumoral hypoxia and prevents lung cancer metastases," explained Dr. Kalin, the senior author on this study.

Lung cancer remains the leading cause of cancer-related mortality worldwide, according to the American Lung Association. In 2021 alone, the disease accounted for 22% of all cancer deaths. With less than a 20% five-year survival rate for patients with advanced non-small cell lung cancers, a promising treatment approach like this is desperately needed.

In pursuit of more therapeutic approaches, the Dr. Kalin's lab developed a nanoparticle delivery system to successfully deliver FZD4 to pulmonary endothelium, which decreased lung tumor growth and metastasis in pre-clinical models of lung cancer. Thus, increasing levels of FOXF1 or FZD4 -- either genetically or via gene therapy -- shows promise to improve therapeutic outcomes in lung cancer patients.

The studies from Dr. Kalin's group support the use of FOXF1 -- or FZD4-activating -- therapies to enhance the delivery of chemotherapeutic agents or immune checkpoint inhibitors during lung cancer treatment.

"Since targeting the FOXF1/FZD4 signaling using gene therapy had efficiently decreased lung cancer progression and normalized tumor blood vessels, our next step will be to develop pharmacological approach to activate this signaling pathway and to move this therapy into clinical trials," Dr. Kalin said.

Dr. Kalin, who also serves as vice chair of translational research for Phoenix Children's Center for Cancer and Blood Disorders, published the findings in EMBO Molecular Medicine.The manuscriptdemonstrated that FOXF1 is expressed in normal lung endothelial cells, but it is decreased in the tumor-associated vasculature of lung cancers. Using the Cancer Genome Atlas datasets, they showed that lung cancer patients with higher FOXF1 mRNA expression had increased survival compared to those with lower FOXF1 levels.

Dr. Kalin and her team then actively removed the FOXF1 gene from endothelial cells, using gene-editing technology. The effects of this were staggering. Removal of FOXF1 in their models promoted lung tumor growth and metastasis; caused functional and structural abnormalities in tumor vasculature; and led to a lack of frizzled-4 (FZD4) -- a gene that participates in the Wnt/b-catenin signaling pathway, enacting a series of steps that affect the way cells and tissues develop.

Next, they increased FOXF1 gene expression in endothelial cells using a transgenic model of lung cancer. By increasing FOXF1 levels, they effectively inhibited lung tumor growth and metastasis, and stabilized tumor-associated blood vessels. They have also shown that FOXF1 directly activated FZD4, one of the Wnt/b-catenin signaling receptors.
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Following cellular lineage | ScienceDaily
A group of researchers at University of California San Diego School of Medicine led an investigation that offers new insight into the development of the human forebrain.


						
The study, led by Changuk Chung, Ph.D., and Xiaoxu Yang, Ph.D., both from the laboratory of Joseph G. Gleeson, M.D., at the School of Medicine Department of Neurosciences and the Rady Children's Institute for Genomic Medicine, provide a greater understanding of how the human brain develops at the cellular level.

The study also presents evidence for the existence of the source of inhibitory neurons (dInNs) in the human brain that differ from origins in other species like mice, a common lab animal used in brain studies. The group outlined their findings in a paper recently published in the journal Nature.

The forebrain, or cerebral cortex, is the largest part of the brain, important for a wide range of function, ranging from cognitive thought, vision, attention and memory. Neurons are cells that serve as the individual circuits of the brain. Inhibitory neurons usually function as a kind of neural "off" switch, as opposed to the "on" switch of excitatory neurons.

"Humans have a very large and wrinkled cortex that likely supports higher cognitive functions compared with other species, such as rodents," Gleeson explained.

He said that the inhibitory neurons in mice have an origin from deep within the developing brain. The current study puts that model to test by assessing cellular lineage. They found existence of dInNs, which are absent in mice. He said finding evidence for this specific type of neuron in humans opens the door to greater understanding how the human brain is special.

"We expect dInNs to support new, more accurate, models of human brains," Gleeson said. "This updated brain model may help explain the origins of certain conditions like epilepsy, schizophrenia or autism."

The group was especially interested in following the lineage trail of mosaic variants of brain cells. "If two cells share the same mother cell, we say they have the same lineage," Chung said.




"If two individual cells have a same mosaic variant, they were born from a common mother cell that passed it to all of its daughters," Yang explained. "So, mosaic variants in cells function like family names in people."

The researchers directly accessed brains from two neurotypical donors who died from natural causes. They used mosaic variants to trace where these cells came from, to identify sister cells born in the same brain region, and to determine how far each "family name" spread across the brain.

They revealed that some inhibitory and excitatory neurons essentially have the same family name, which Chung said means the two types of neurons share lineage. The two types likely branched in a late moment of embryonic cerebral development, he added, noting that such a cellular relationship is not present in other species.

"We hope our paper helps other researchers generate better models of neurological disease, and which types of brain diseases can result from impaired development," Gleeson concluded.

In addition to Changuk Chung, Xiaoxu Yang and Joseph G. Gleeson, co-authors at University of California San Diego are: Robert F. Hevner, Sanford Consortium for Regenerative Medicine, School of Medicine Department of Pathology; Keng Ioi Vong, School of Medicine Department of Neurosciences, and Rady Children's Institute for Genomic Medicine; Yang Liu, School of Medicine Department of Neurosciences and Rady Institute; Arzoo Patel, School of Medicine Department of Neurosciences, and Rady Institute; Rahul Nedunuri, School of Medicine Department of Neurosciences, and Rady Institute; Scott T. Barton, School of Medicine Division of Medical Education; Geoffroy Noel, School of Medicine Division of Anatomy; Chelsea Barrows, School of Medicine Department of Neurosciences, and Rady Institute; Valentina Stanley, School of Medicine Department of Neurosciences, and Rady Institute; Swapnil Mittal, School of Medicine Department of Neurosciences, and Rady Institute; Johannes C.M. Schlachetzki, School of Medicine Department of Neurosciences, and Department of Cellular and Molecular Medicine.

Other co-authors are: Stephen F. Kingsmore, Rady Children's Institute for Genomic Medicine; Katie Kennedy, BioSkryb Genomics Inc.; Martin W. Breuss, Department of Pediatrics, Section of Clinical Genetics and Metabolism, University of Colorado Aurora.

This work was supported by National Institute of Mental Health (NIMH) grants U01MH108898, R01MH124890 and R21MH134401; a Larry L. Hillblom Foundation Grant; a Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD) grant K99HD111686; a 2021 NARSAD Young Investigator Grant from the Brain & Behavior Research Foundation; and the Rady Children's Institute for Genomic Medicine.
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Gender stereotypes in schools impact on girls and boys with mental health difficulties, study finds | ScienceDaily
Gender stereotypes mean that girls can be celebrated for their emotional openness and maturity in school, while boys are seen as likely to mask their emotional distress through silence or disruptive behaviours.


						
Children and teachers who took part in the study said they feared the mental health needs of boys might be missed at school, which makes them an 'at risk' group.

Researchers have warned of the negative impacts on girls where the manifestation of emotional distress such as crying or self-harm could become "feminised and diminished," so taken less seriously.

They have called for increased awareness of the role of gender in mental health services offered in schools and resultant inequalities.

The study was carried out by Lauren Stentiford, George Koutsouris, Tricia Nash and Alexandra Allan from the School of Education at the University of Exeter. They interviewed pupils at two secondary schools in England to ask them: 'Do you think that girls and boys experience mental health in the same way?'

One school was a mixed grammar school in a predominantly white, middle-class rural area and another was a mixed comprehensive school in a predominantly white, working-class urban area. The research took place in autumn 2022.

Researchers spoke to 34 students aged between 12 and 17. Seventeen students identified as female, 12 as male, and 5 as gender diverse. They also interviewed 18 members of staff, including a headteacher, school counsellor, SENCO, and classroom teacher.




The majority -- 43 out of 52 -- felt girls and boys experienced mental health in different ways because of stereotypes that girls are open about their emotions, but boys will hide them.

One pupil, Willow, said: "Girls are more inclined I feel to talk to each other about [mental health] because we're not told to repress our emotions." Another, Kayla, said: "Boys just don't, they barely tell anyone anything that they don't want to talk about because they feel like they'll be looked at and be told the phrase 'man up' or 'boys don't cry."

The phrase 'man up' was referenced multiple times by different staff members and students in both schools.

Participants spoke of persistent and troublesome expectations that boys should not show their emotions.

Dr Stentiford said: "There was a perception that girls are at an advantage over boys in receiving mental health support.

"Students and staff members tended to position girls as above boys in the hierarchy for mental health support because of their perceived emotional openness. Girls were seen as being more emotionally mature than boys and would actively look for help when they needed it.




"There was also evidence of participants understanding emotional distress as manifesting itself differently in girls and boys in school, with girls more likely to cry or withdraw, and boys more likely to engage in off-task or disruptive behaviours such as 'messing around' in class.

"The implications were that girls are seen as more likely to be identified quickly as in need of mental health support, whereas boys could be 'missed' because their disruptive behaviours are misinterpreted. Both girls and boys therefore remain 'trapped' in unhelpful gender stereotypes around mental health.

"The research suggests there is a new and emerging form of gender inequality, set against the context of a perceived growing mental health 'crisis' amongst young people.

"There are dangers around devaluing girls' wellbeing if 'emotional' girls are seen as unfairly advantaged and taking up time and support for mental health difficulties at the expense of boys, who are seen as particularly 'at risk' and a hidden problem."
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Real-time detection of infectious disease viruses by searching for molecular fingerprinting | ScienceDaily
A research team consisting of Professor Kyoung-Duck Park and Taeyoung Moon and Huitae Joo, PhD candidates, from the Department of Physics at Pohang University of Science and Technology (POSTECH) has engineered "broadband nanogap gold spectroscopic sensor" using a flexible material capable of bending to create a controlled gap. With the developed technology, it is possible to rapidly test various types of materials, including infectious disease viruses, using only a single nano-spectroscopic sensor to find molecular fingerprints.


						
The emergence of pandemic epidemics like COVID-19 has emphasized the necessity for rapid and precise analytical methods to prepare for potential future virus outbreaks. Raman spectroscopy, using gold nanostructures, offers information about the internal structure and chemical properties of materials by analyzing the distinct vibrations of molecules known as "molecular fingerprints," using light with remarkable sensitivity. Therefore, it could play a crucial role in determining the positivity of a virus.

However, conventional high-sensitivity Raman spectroscopy sensors detect only one type of virus with a single device, thus posing limitations in terms of productivity, detection speed, and cost when considering clinical applications.

The research team successfully fabricated a one-dimensional structure at the millimeter scale, featuring gold nanogaps accommodating only a single molecule with a tight fit. This advancement enables large-area, high-sensitivity Raman spectroscopic sensing. Furthermore, they effectively integrated flexible materials onto the substrate of the gold nanogap spectroscopic sensor. Finally, the team developed a source technology for a broadband active nano-spectral sensor, allowing tailored detection of specific substances using a single device, by widening the nanogap to the size of a virus and freely adjusting its width to suit the size and type of materials, including viruses.

Furthermore, they improved the sensitivity and controllability of the sensor by combining adaptive optics technology used in fields such as space optics, such as the James Webb Telescope. Additionally, they established a conceptual model for extending the fabricated one-dimensional structure into a two-dimensional spectroscopic sensor, theoretically confirming the ability to amplify Raman spectroscopic signals by up to several billion times. In other words, it becomes possible to confirm the positivity of viruses in real-time within seconds, a process that previously took days for verification.

The achievements of the research team, currently pending patent approval, are expected to be utilized for the rapid response through high-sensitivity real-time testing in the event of unexpected infectious diseases such as COVID-19, to prevent indiscriminate spread. Taeyoung Moon, lead author of the paper, emphasized the significance of their achievement by stating, "This not only advances basic scientific research in identifying unique properties of materials from molecules to viruses but also facilitates practical applications, enabling rapid detection of a broad spectrum of emerging viruses using a single, tailored sensor."

The collaborative research was jointly conducted with Professor Dai-Sik Kim's team from UNIST's Department of Physics and a team led by Professor Yung Doug Suh from UNIST's Department of Chemistry who is Deputy Director of Center for Multidimensional Carbon Materials at the Institute for Basic Science (IBS). Additionally, Yeonjeong Koo, Mingu Kang, and Hyeongwoo Lee from POSTECH's Department of Physics carried out measurements. The research findings have recently been published in the international journal Nano Letters.
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New treatment method using plasma irradiation promotes faster bone healing | ScienceDaily
"Break a leg!" is a welcome blessing of good luck, but who wants to hear that they have actually broken a bone? What's worse, fractures that are displaced or complex require surgery and possibly lengthy recovery times while the patient remains partly or wholly immobilized.


						
Aiming to shorten recovery times, an Osaka Metropolitan University-led research group is focusing on plasma irradiation as a treatment method to speed up bone healing.

The Department of Orthopedic Surgery's Kosuke Saito, a graduate student in the Graduate School of Medicine, Associate Professor Hiromitsu Toyoda, and Professor Hiroaki Nakamura, and Graduate School of Engineering Professor Jun-Seok Oh were among the researchers who used laboratory rats for their experiment.

The researchers broke the legs of the rats in two ways. One group of 24 rats had normal fractures that are generally easy to heal. The other group of 20 rats had fractures known as non-union ones where healing is usually prolonged or does not happen. Some were then irradiated with non-thermal atmospheric-pressure plasma, which didn't offer the normal fracture group any significant advantages but boosted the healing and recovery time of the rats with non-union fractures. The strength of the healed areas of the irradiated non-union rats was also about 3.5 times stronger than that of the nonirradiated ones.

Furthermore, in vitro study of pre-osteoblastic cells irradiated with the plasma for 5 to 15 seconds showed that the activity of a protein that is an indicator of osteoblast differentiation increased, indicating that maturation of these bone-forming cells was progressing.

"Collaboration between the medical and engineering fields creates new medical technologies that have never before existed," Professor Toyoda declared. "In the future, combining this treatment method with current fracture treatments is expected to contribute to more reliable bone fusion and shorter recovery times."

Their findings are set for publication inPLOS ONEon April 16, 2024.
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Common HIV treatments may aid Alzheimer's disease patients | ScienceDaily
Alzheimer's disease (AD) currently afflicts nearly seven million people in the U.S. With this number expected to grow to nearly 13 million by 2050, the lack of meaningful therapies represents a major unmet medical need. Scientists at Sanford Burnham Prebys have now identified promising real-world links between common HIV drugs and a reduced incidence of AD. The study, led by Jerold Chun, M.D., Ph.D., was published in Pharmaceuticals.


						
Chun's new research builds on his lab's landmark publication in Nature in 2018 that described how somatic gene recombination in neurons can produce thousands of new gene variants within Alzheimer's disease brains. Importantly, it also revealed for the first time how the Alzheimer's-linked gene, APP, is recombined by using the same type of enzyme found in HIV.

The enzyme, called reverse transcriptase (RT), copies RNA molecules and changes them into complementary DNA duplicates that can then be inserted back into DNA, producing permanent sequence changes within the cell's DNA blueprint.

HIV and many other viruses rely on RT to hijack a host's cells to establish a chronic infection, so drugs that block the RT enzyme's activity have become a common part of treatment cocktails for keeping HIV at bay.

The brain appears to have its own RTs that are different from those in viruses, and the research team wondered if inhibiting brain RTs with HIV drugs actually helps AD patients.

To assess the link between real-world RT inhibitor exposure and AD in humans, the team analyzed anonymized medical records with prescription claims from more than 225,000 control and HIV-positive patients, and found that RT inhibitor exposure was associated with a statistically significant reduced incidence and prevalence of AD.

"Thus, we looked at HIV-positive individuals taking RT inhibitors and other combined antiretroviral therapies as they aged, and asked the question: How many of them got Alzheimer's disease?" says Chun. "And the answer is that there were many fewer than might have been expected compared to the general population."

Of the more than 225,000 individuals with claims data in the study, just shy of 80,000 were HIV-positive individuals over the age of 60. More than 46,000 had taken RT inhibitors during a nearly three-year observation period from 2016 to 2019. The data was obtained through a collaboration with health information technology and clinical research firm IQVIA, led by Tiffany Chow, M.D.




In living persons with HIV, there were 2.46 Alzheimer's disease diagnoses per 1,000 persons among HIV-positive individuals taking these inhibitors, versus 6.15 for the general population. This control group was represented by more than 150,000 HIV-negative patients over the age of 60 with medical insurance claims related to treatment for the common cold.

"You cannot feasibly run a prospective clinical trial with this number of patients," Chun adds. "This approach is a way to look at how a drug can act on a large patient population."

Chun underscores that the drugs patients took in this retrospective study were designed to counter RT activity in HIV and likely only had a limited effect on many different possible forms of the enzyme active in the brain.

"What we're looking at now is very crude," says Chun. "The clear next step for our lab is to identify which versions of RTs are at work in the AD brain so that more targeted treatments can be discovered, while prospective clinical trials of currently available RT inhibitors on persons with early AD should be pursued."

Jerold Chun, M.D. Ph.D., is a professor in the Center for Genetic Disorders and Aging Research at Sanford Burnham Prebys.

Additional authors on the study include Tiffany W. Chow, Mark Raupp, Matthew W. Reynolds, Siying Li and Gwendolyn E. Kaeser.

The work was supported by the National Institute on Aging -- NIH (R01AG071465, R01AG065541 and R56AG073965), the Shaffer Family Foundation and the Bruce Ford & Anne Smith Bundy Foundation.
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New Inflammatory Bowel Disease testing protocol could speed up diagnosis | ScienceDaily
Patients with suspected inflammatory bowel disease (IBD) could benefit from better testing protocols that would reduce the need and lengthy wait for potentially unnecessary colonoscopies, a new study has found.


						
In a paper published in Frontline Gastroenterology, researchers from the Birmingham NIHR Biomedical Research Centre (BRC) at the University of Birmingham tested a new protocol to improve IBD diagnosis combining clinical history with multiple home stool tests.

In the two-year study involving 767 participants, patients were triaged and had repeated faecal calprotectin (FCP) tests and the research team found that the use of serial FCP tests were able to strongly predict possible IBD as well as Crohn's Disease and Ulcerative Colitis.

The team observed that a second FCP test was a strong indicator of a potential need for further investigation including colonoscopy; although the researchers observed that only 20% of patients had two samples submitted prior to referral to secondary care.

Dr Peter Rimmer from the Birmingham NIHR Biomedical Research Centre at the University of Birmingham and corresponding author of the study said:

"Patients who experience symptoms associated with inflammatory bowel diseases often have a long wait until getting a diagnosis, and current testing is under immense strain.

"Using a comprehensive 13-point symptom checker and multiple FCP tests, we have been able to identify much more accurately patients who had IBD and other diseases. The rollout of this protocol could reduce the time taken to get a diagnosis and start treatment for IBDs as much more of the screening and testing can be done through primary care. The sensitivity of multiple FCP tests can be used to flag those patients who urgently need referral into secondary care."

Dr Rachel Cooney, Consultant Gastroenterologist at University Hospitals Birmingham NHS Foundation Trust, researcher at the NIHR Birmingham BRC and co-author of the study, added:

"In its simplest form, this study may help improve referral triage for IBD patients. But as we plan new care pathways, it could open up new exciting possibilities: with the growing availability of home FCP testing, these tests' results combined with simple symptom questionnaires could feed into algorithms that allow patients to self-refer to secondary care services, reducing strain on primary care. This is something we're going to explore in a large follow-up study we're currently initiating."
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Health behaviors accumulate and remain relatively stable throughout middle adulthood | ScienceDaily
In a study conducted at the Faculty of Sport and Health Sciences and Gerontology Research Center, it was observed that health behaviors are interrelated in such a way that individuals who are the least physically active also consume the most alcohol, and a significant portion of them also smoke. Healthier behaviors were similarly interrelated.


						
"Smoking, alcohol consumption, and physical activity are often investigated separately in studies, but our study approach takes into account that each of us engages in multiple health behaviors simultaneously," says doctoral researcher Johanna Ahola from the Gerontology Research Center and Faculty of Sport and Health Sciences.

The study followed the same individuals when they were 42 (2001), 50 (2009), and 61 years old (2020-2021). Health behavior patterns are relatively stable throughout middle adulthood, although particularly positive changes were observed during the 19-year follow-up period.

"The results are in line with previous studies. It was particularly encouraging to observe favorable behavior changes," says Ahola. "Smoking decreased significantly during the follow-up period, which may be related not only to age but also to the prevailing societal circumstances. It can also be speculated that with the increased incidence of diseases in middle adulthood compared to earlier ages, general health precaution and health-related goals may become more important, leading to changes in behavior."

Sociodemographic characteristics are reflected in health behavior patterns. Women, those who were married, held a degree, and were white-collar workers were more likely to engage in healthier behaviors. Similarly, those characterized by higher conscientiousness, openness, and agreeableness, as well as lower neuroticism and extraversion, were also more likely to adopt healthier behaviors.

"Examining personality traits in the health behavior patterns brought a new perspective compared to prior research," says Ahola. "It has been previously observed that individuals characterized by high extraversion are more physically active than those scoring low in the trait. For a physical activity researcher, it was surprising that, in this study, low extraversion was associated with healthier behaviors."

The research publication is based on the Jyvaskyla Longitudinal Study of Personality and Social Development, where the development of the same individuals has been followed for over 50 years. From 1968 to 2012, the research was led by Professor Lea Pulkkinen, and from 2013 onwards, it has been led by Research Director Katja Kokko. The publication is part of the TRAILS project funded by the Research Council of Finland. The writing of the research article was also supported by the JYPE research grant awarded by the Rehabilitation Foundation Peurunka and the University of Jyvaskyla.
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New insights could unlock immunotherapy for rare, deadly eye cancer | ScienceDaily
New research from the University of Pittsburgh explains why metastatic uveal melanoma is resistant to conventional immunotherapies and how adoptive therapy, which involves growing a patient's T cells outside the body before reinfusing them, can successfully treat this rare and aggressive cancer.


						
In a paper published today in Nature Communications, the Pitt researchers also explain how they developed a new clinical tool that predicts which patients will respond to adoptive therapy. The work, supported by UPMC Enterprises, is helping improve personalized therapies and avoid futile treatments for metastatic uveal melanoma.

"The dogma was that uveal melanoma is a 'cold' cancer, meaning that T cells can't get into these tumors," said senior author Udai Kammula, M.D., associate professor of surgery at Pitt and director of the Solid Tumor Cell Therapy Program at UPMC Hillman Cancer Center. "We show that T cells are in fact infiltrating metastases and they're getting activated, but they're just sitting there in a dormant state because something in the tumor is suppressing them. Adoptive therapy allows us to rescue these cells from the suppressive tumor microenvironment and successfully treat some patients."

Uveal melanoma originates in the uveal tract of the eye but has a tendency to aggressively spread throughout the body, often to the liver. When metastasis occurs, this cancer is very difficult to treat and the prognosis for patients is almost always grim.

"Cutaneous melanoma, which affects the skin, is the poster child of immunotherapy. It responds incredibly well to immune checkpoint inhibitor drugs," said Kammula. "None of these conventional immunotherapies work for uveal melanoma, but we hadn't known why -- until now."

In a previous Lancet Oncologystudy, Kammula and his team used adoptive therapy to surgically extract metastatic tumors from 19 uveal melanoma patients and grow T cells from these tumors in the laboratory. When they infused the cells back, 35% of patients had either partial or complete regression of their cancer, evidence against the assumption that cancer-fighting cells called tumor-infiltrating lymphocytes (TILs) aren't found in uveal melanoma. But it was still a mystery why immune checkpoint inhibitors, which rev up the activity of these T cells, are ineffective in treating this disease.

Kammula saw an opportunity to answer this question using a unique resource that he and his team have been building for the last decade: the largest known repository of uveal melanoma samples, corresponding tissues and clinical information.




When the researchers analyzed 100 metastases from 84 patients, they found that over half of these tumors were chock-full of T cells. Next, they performed single cell RNA sequencing to measure gene expression in almost 100,000 cells from six metastases. They found that the TILs in some of these tumors were activated and capable of attacking tumor cells in a dish, but they weren't proliferating to high numbers in the tumor.

"We found that TILs from metastatic uveal melanoma have the potential to attack the tumor, but something in the tumor microenvironment is shutting them down, so they're in a dormant, or quiescent, state," explained Kammula. "By liberating these cells from the suppressive environment and growing them in the lab, we can rescue their tumor-fighting capacity when infused back into the patient."

But TIL therapy doesn't work for everyone, as the researchers found in their earlier study. To predict which patients will respond and which will not, Kammula and lead author Shravan Leonard-Murali, M.D., a post-doctoral fellow in the lab, developed a clinical tool called Uveal Melanoma Immunogenic Score (UMIS), a holistic measure of the tumor that reflects the activity of more than 2,000 genes expressed by tumor cells, immune cells and other cells that form the tumor microenvironment. UMIS ranged from 0.114 to 0.347 across 100 metastases, with higher values indicating tumors with more potent TILs.

When the researchers looked at patients who received adoptive therapy in the earlier study, they found that patients with higher UMIS scores had better tumor regression, suggesting that this biomarker could predict which patients are likely to respond.

They also found that patients with metastases scoring above 0.246 had significantly improved progression-free survival and overall survival than those with UMIS below this cutoff.

"If a patient's UMIS level is below this threshold, we think that adoptive therapy is not appropriate. Using a biopsy to calculate a patient's UMIS could help avoid futile therapies and unnecessarily subjecting patients to invasive operations," said Kammula. "But the immune system is not static. UMIS offers a window into the tumor that could also help us find the optimal time to treat a patient with adoptive therapy, like picking a fruit when it's at its ripest."

Kammula is now evaluating the score prospectively in an ongoing TIL therapy clinical trial at Pitt for patients with metastatic uveal melanoma.




He and his team are also taking what they've learned from uveal melanoma to tackle other difficult-to-treat tumors such as pancreatic cancer, and they are developing a pan-cancer version of UMIS that will predict how well a patient with any type of cancer is likely to respond to adoptive therapy.

Additional authors on this research are Chetana Bhaskarla, Ph.D., Ghanshyam S. Yadav, Ph.D., Sudeep K. Maurya, Ph.D., Chenna R. Galivet, Ph.D., Joshua A. Tobin, Rachel J. Kann, Eishan Ashwat, Patrick S. Murphy, Ph.D., Anish B. Chakka, Ph.D., Vishal Soman, Paul G. Cantalupo, Ph.D., Xinming Zhuo, Ph.D., Gopi Vyas, M.S., Dara L. Kozak, Lindsey M. Kelly, Ph.D., Ed Smith, M.S., M.B.A., Uma R. Chandran, Ph.D., Yen-Michael S. Hsu, M.D., Ph.D., all of UPMC Hillman, Pitt or both.

In addition to support from UPMC Enterprises, the innovation, commercialization and venture capital arm of UPMC, this work was supported in part by the Pitt Center for Research Computing, the National Institutes of Health (S10OD028483), the UPMC Hillman Cancer Center Immunologic Monitoring and Cellular Products Laboratory (CCSG P30 CA047904), and a National Cancer Institute training grant (T32CA113263).
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Biodiversity is key to the mental health benefits of nature | ScienceDaily
New research from King's College London has found that spaces with a diverse range of natural features are associated with stronger improvements in our mental wellbeing compared to spaces with less natural diversity.


						
Published in Scientific Reports and funded by the National Institute for Health and Care Research (NIHR) and Wellcome, this citizen science study used the smartphone application Urban Mind to collect real-time reports on mental wellbeing and natural diversity from nearly 2000 participants.

Researchers found that environments with a larger number of natural features, such as trees, birds, plants and waterways, were associated with greater mental wellbeing than environments with fewer features, and that these benefits can last for up to eight hours.

Further analysis found that nearly a quarter of the positive impact of nature on mental health could be explained by the diversity of features present. These findings highlight that policies and practices that support richness of nature and species are beneficial both for environment and for public mental health.

Lead author Ryan Hammoud, Research Assistant at the Institute of Psychiatry, Psychology & Neuroscience (IoPPN), King's College London, said:

"To our knowledge, this is the first study examining the mental health impact of everyday encounters with different levels of natural diversity in real-life contexts. Our results highlight that by protecting and promoting natural diversity we can maximise the benefits of nature for mental wellbeing. In practice, this means moving away from heavily curated monocultural pockets and parks of mown grass, which are typically associated with low biodiversity, towards spaces which mirror the biodiversity of natural ecosystems. By showing how natural diversity boosts our mental wellbeing, we provide a compelling basis for how to create greener and healthier urban spaces."

The study took place between April 2018 and September 2023, with 1,998 participants completing over 41,000 assessments. Each participant was asked to complete three assessments per day over a period of 14 days, entering information about their environment and answering a series of questions about their mental health. Natural diversity was defined by how many out of four natural features -trees, plants, birds and water -- were present within the participant's surrounding environment.




Data were collected using the Urban Mind app, developed by King's College London, landscape architects J&L Gibbons and arts foundation Nomad Projects. The Urban Mind project is funded by a Wellcome Climate Impacts Award to Professor Andrea Mechelli, the National Institute for Health and Care Research (NIHR) Maudsley Biomedical Research Centre and the NIHR Applied Research Collaboration South London.

Senior author Andrea Mechelli, Professor of Early Intervention in Mental Health at the IoPPN, said:

"In the context of climate change, we are witnessing a rapid decline in biodiversity in the UK as well as globally. Our results suggest that biodiversity is critical not only for the health of our natural environments but also for the mental wellbeing of the people who live in these environments. It is time to recognise that biodiversity brings co-benefits for planetary and human health and needs to be considered vital infrastructure within our cities."

'Smartphone-based ecological momentary assessment reveals an incremental association between natural diversity and mental wellbeing' by Hammoud, R. et al. is published in Scientific Reports. DOI : 10.1038/s41598-024-55940-7
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'One ring to rule them all': How actin filaments are assembled by formins | ScienceDaily
Actin is a highly abundant protein that controls the shape and movement of all our cells. Actin achieves this by assembling into filaments, one actin molecule at a time. The proteins of the formin family are pivotal partners in this process: positioned at the filament end, formins recruit new actin subunits and stay associated with the end by 'stepping' with the growing filament. There are as many as 15 different formins in our cells that drive actin filament growth at different speeds and for different purposes. Yet, the exact mechanism of action of formins and the basis for their different inherent speeds have remained elusive.


						
Now, for the first time, researchers from the groups of Stefan Raunser and Peter Bieling at the Max Planck Institute of Molecular Physiology in Dortmund have visualized at the molecular level how formins bind to the ends of actin filaments. This allowed them to uncover how formins mediate the addition of new actin molecules to a growing filament. Furthermore, they elucidated the reasons for the different speeds at which the different formins promote this process. The MPI researchers used a combination of biochemical strategies and electron cryo-microscopy (cryo-EM). The breakthrough, published in the journal Science, can help us explain why certain mutations in formins can lead to neurological, immune, and cardiovascular diseases. Max Plank researchers from Dortmund unveil at the molecular level how ring-like formin proteins promote actin filament growth in cells

Joining forces

"Our discovery allows us to interpret decades of biochemical studies on formins through new lenses, which answers many long-standing, open questions in this field," says Peter Bieling. Previous structures from X-ray crystallization revealed that formins are made of two identical parts that encircle the actin filament in a ring-like conformation and step along it as it grows. In the speculative models suggested so far, formins interact through all their four binding domains with actin, while slow and fast-moving formin would adopt different shapes at the filament. "But those studies lacked high-resolution structures of formins bound to their relevant sites of activity, the barbed end of actin filaments," says Wout Oosterheert, postdoc in the group of Stefan Raunser at the MPI Dortmund and co-first author of the publication.

Formins are highly dynamic proteins that assemble filaments rapidly, hence it is difficult to obtain enough filament ends for detailed structure determination. The MPI scientists analyzed not just one, but three distinct formins originating from fungi, mice, and humans, which all elongate actin filaments at highly different speeds. "One of the formins that we studied is very fast and can be considered the Ferrari among formins, while another formin behaves more like a tractor," says Stefan Raunser. The scientists tested and optimized a wide variety of conditions that ultimately gave them a high number of formin-bound filaments. "We built on the experience that we gained from our previous studies. The iterative optimization of both the biochemistry and cryo-EM sample preparation was key for obtaining these structures," says Micaela Boiero Sanders, the other co-first author of the study.

A new paradigm

The new structures, with resolutions around 3.5 Angstrom, show that formins encircle actin like an asymmetric ring: One half of the ring is stably bound, while the other half is loosely associated with the filament and is free to capture a new subunit. "Analyzing the structures gave us a true 'Eureka' moment regarding the mechanism," say Oosterheert and Boiero Sanders. When the new actin subunit arrives, its incorporation onto the filament destabilizes the formin arrangement and requires the stable half-ring to step onto the new subunit and become loose, while the other half-ring becomes stable. Thanks to this concerted mechanism, formins stay associated with the growing actin filament end over long distances. Contrary to previous hypotheses, the structures are similar for all three analyzed formins, with only three binding domains being engaged with actin at the same time.

By introducing mutations into formins, the MPI scientists also explained the speed differences among actin-formin complexes: if the formin ring is bound more tightly to the actin filament end, it is more difficult for the ring to let go and step onto a new, incoming actin subunit. As a result, filament growth is slower. "We now understand how a formin that behaves like a tractor can be made faster by giving it some Ferrari-like features," says Peter Bieling. The MPI team expects that their results will be useful for the many scientists around the world that study the actin cytoskeleton. "Our new insights open up a large number of possibilities for elucidating the specific roles of the fifteen human formins at the cellular level, which can increase our understanding of how mutations in formin genes lead to severe diseases," concludes Raunser.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240416115912.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Deadly bacteria show thirst for human blood | ScienceDaily
Some of the world's deadliest bacteria seek out and feed on human blood, a newly-discovered phenomenon researchers are calling "bacterial vampirism."


						
A team led by Washington State University researchers have found the bacteria are attracted to the liquid part of blood, or serum, which contains nutrients the bacteria can use as food. One of the chemicals the bacteria seemed particularly drawn to was serine, an amino acid found in human blood that is also a common ingredient in protein drinks.

The research finding, published in the journal eLife, provides new insights into how bloodstream infections occur and could potentially be treated.

"Bacteria infecting the bloodstream can be lethal," said Arden Baylink, a professor at WSU's College of Veterinary Medicine and corresponding author for the research. "We learned some of the bacteria that most commonly cause bloodstream infections actually sense a chemical in human blood and swim toward it."

Baylink and the lead author on the study, WSU Ph.D. student Siena Glenn, found at least three types of bacteria, Salmonella enterica, Escherichia coli and Citrobacter koseri, are attracted to human serum. These bacteria are a leading cause of death for people who have inflammatory bowel diseases (IBD), about 1% of the population. These patients often have intestinal bleeding that can be entry points for the bacteria into the bloodstream.

Using a high-powered microscope system designed by Baylink called the Chemosensory Injection Rig Assay, the researchers simulated intestinal bleeding by injecting microscopic amounts of human serum and watching as the bacteria navigated toward the source. The response is rapid -- it takes less than a minute for the disease-causing bacteria to find the serum.

As part of the study, the researchers determined Salmonella has a special protein receptor called Tsr that enables bacteria to sense and swim toward serum. Using a technique called protein crystallography, they were able to view the atoms of the protein interacting with serine. The scientists believe serine is one of the chemicals from blood that the bacteria sense and consume.

"By learning how these bacteria are able to detect sources of blood, in the future we could develop new drugs that block this ability. These medicines could improve the lives and health of people with IBD who are at high risk for bloodstream infections," Glenn said.

Scientists Zealon Gentry-Lear, Michael Shavlik, and Michael Harms of the University of Oregon, and Tom Asaki, a mathematician at WSU, contributed to the research. The study was funded by WSU and the National Institute of Allergy and Infectious Diseases.
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Teen stress may raise risk of postpartum depression in adults | ScienceDaily
In a new study, a Johns Hopkins Medicine-led research team reports that social stress during adolescence in female mice later results in prolonged elevation of the hormone cortisol after they give birth. The researchers say this corresponds to the equivalent hormonal changes in postpartum women who were exposed to adverse early life experiences -- suggesting that early life stress may underlie a pathophysiological exacerbation of postpartum depression (PPD).


						
The team's findings, first published online Apr. 11, 2024, in Nature Mental Health, also suggest that current drug treatments for PPD in people may, in some cases, be less effective at targeting the relevant chemical imbalances in the brain, and that alternative methods may be more beneficial.

According to previous studies, an estimated one-third of psychiatric conditions fail to respond to current therapies, and "PPD is difficult to treat," says study senior author Akira Sawa, M.D., Ph.D., director of the Johns Hopkins Schizophrenia Center and professor of psychiatry, neuroscience, biomedical engineering, genetic medicine and pharmacology at the Johns Hopkins University School of Medicine. "The new study results add to evidence that patients with PPD are not all the same, and more individualized diagnosis and treatment -- a precision medicine approach -- is needed."

PPD, states the federal government's Office on Women's Health, is estimated to occur in 7% to 20% of all women, most commonly within six weeks of giving birth. Symptoms include feelings of sadness, anxiety, and fatigue, and can make it difficult to complete basic self-care tasks and care for the new baby.

The current first-line treatment for PPD is the use of a class of anti-depressant pills called selective serotonin reuptake inhibitors (SSRIs), but these are only effective in approximately half of all patients. SSRIs boost the effects of the natural brain chemical serotonin, one of many hormone-like substances that help control mood. Some patients also are treated with IV infusions of a different class of drugs that target GABAA, a brain chemical linked to nerve hyperactivity.

However, the calming infusions are costly (more than $30,000 for a single course of one such drug) and often require hospitalization. They are generally reserved for the most severe and resistant cases of PPD.

In the new study, the Johns Hopkins-led research team aimed to build on evidence that adverse life events may affect the likelihood and severity of PPD. Previous studies have shown that PPD is more prevalent in teens, and in urban populations.




Working with mice, the researchers first created four test groups: unstressed virgins, stressed virgins, unstressed mothers and stressed mothers. The stressed mice were subjected to social isolation in their adolescence, and all groups were tested for stress. At seven days postpartum, the stressed mothers showed decreased mobility and a decrease in sugar preference, both of which are considered markers for depression. This persisted for at least three weeks after delivery.

As the second and most critical step, the researchers tested plasma levels of several hormones and found the level of cortisol was increased in mothers both with and without adverse early life experiences. However, cortisol levels in unstressed mothers decreased to normal levels after delivery, while the levels in mothers with adverse early life experiences remained high for one to three weeks after birth. This finding, Sawa says, suggests a correlation between prolonged post-delivery elevation of cortisol and behavioral changes in postpartum mice who experienced social isolation in adolescence.

If these findings translate to humans, it could mean that a different kind of antidepressant, a glucocorticoid receptor (GR) antagonist, which blocks the effects of elevated cortisol, could be a novel treatment option for PPD. Mifepristone may be one such drug.

"Unfortunately, everyone knows someone who has suffered or currently suffers from PPD, and it has such a huge impact on both mother and baby," says Sawa. "The alternative line of treatment suggested by the mouse study -- where the findings are consistent with those from our observational study in humans -- might enable mothers to be treated at home and avoid separation from their babies, and target a different mechanism for depression that may be specific to PPD."

Plans are underway, Sawa says, to collect precise data on cortisol levels in people with PPD to determine if GR antagonists would be more beneficial than current treatments for some, and later, to conduct clinical trials with alternatives to SSRIs.

Along with Sawa, members of the study team from Johns Hopkins Medicine are Sedona Lockhart, Jennifer Payne, Gary Wand, Daniel Wood and Kun Yang. Team members from the University of Alabama at Birmingham Heersink School of Medicine are study lead author Minae Niwa, Adeel Ahmed, Shin-ichi Kano, Kyohei Kin and Jose Francis-Oliveira.

Funding for this research was provided by National Institutes of Health grants MH-092443, MH-094268, K99MH-094408, MH-105660, MH-107730, DA-040127, and MH-116869; the Brain and Behavior Research Foundation (formerly the National Alliance for Research on Schizophrenia and Depression); and other sources.
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Scientists identify cell vulnerability 'fingerprint' related to Parkinson's, Lewy body dementia | ScienceDaily
A new study from Van Andel Institute scientists offers a first look into the complex molecular changes that occur in brain cells with Lewy bodies, which are key pathological hallmarks of Parkinson's disease and some dementias.


						
The findings, published in the journal Nature Communications, reveal that brain cells with Lewy bodies exhibit a specific gene expression pattern akin to a disease-related fingerprint.

"We've long known that Lewy bodies play a role in Parkinson's and other neurodegenerative diseases but there are still many unanswered questions. Why are some cells more susceptible to Lewy bodies than others? How do Lewy bodies actually affect cells?" said VAI Assistant Professor Michael Henderson, Ph.D., the study's corresponding author. "Our findings are an important starting point for better understanding how cells respond to Lewy bodies, which is an area of great potential for informing new therapies."

Lewy bodies are clumps of misshapen proteins that are believed to disrupt healthy cellular function and contribute to cell death in neurodegenerative disorders such as Parkinson's and Lewy body dementia. Loss of these vital cells contributes to disease symptoms.

Thanks to recent technological advances, in particular a new technique called spatial transcriptomics, Henderson and his team were able to compare brain cells with Lewy bodies to brain cells without Lewy bodies in deep detail. The pattern they identified includes genes that affect many critical processes required for brain health, including cellular communication, energy regulation, cellular trash removal, and inflammation. The study included preclinical models and cells from people with Parkinson's.

"Our findings support the idea that cells with Lewy bodies affect other cells and processes in the brain," Henderson said. "Moving forward, we plan to explore the molecular pathways disrupted by Lewy bodies to identify mechanisms that may be protective."

Authors include Thomas M. Goralski, M.S., Lindsay Meyerdirk, M.S., Libby Breton, M.S., Laura Brasseur, Kevin Kurgat, Daniella DeWeerd, Lisa Turner, Katelyn Becker, M.S., and Marie Adams, M.S., of VAI; and Daniel Newhouse, Ph.D., of NanoString Technologies. VAI's Bioinformatics and Biostatistics Core, Genomics Core, Optical Imaging Core, Pathology and Biorepository Core, and Vivarium Core contributed to this research. This work would not have been possible without the individuals and families who donated tissue. Brain tissue was provided through Banner Sun Health Research Institute Brain and Body Donation Program.
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Take it from the rats: A junk food diet can cause long-term damage to adolescent brains | ScienceDaily
A new USC-led study on rats that feasted on a high-fat, sugary diet raises the possibility that a junk food-filled diet in teens may disrupt their brains' memory ability for a long time.


						
"What we see not just in this paper, but in some of our other recent work, is that if these rats grew up on this junk food diet, then they have these memory impairments that don't go away," said Scott Kanoski, a professor of biological sciences at the USC Dornsife College of Letters, Arts and Sciences. "If you just simply put them on a healthy diet, these effects unfortunately last well into adulthood."

The study appears in the May issue of the journal Brain, Behavior, and Immunity.

In developing the study, Kanoski and lead author and postdoctoral research fellow Anna Hayes considered that prior research has shown a link between poor diet and Alzheimer's disease. People who suffer from Alzheimer's disease tend to have lower levels of a neurotransmitter called acetylcholine in the brain that is essential for memory and functions such as learning, attention, arousal and involuntary muscle movement.

The team wondered what this could mean for younger people who may be on a similar fat-filled, sugary Western diet, particularly during adolescence when their brain is undergoing significant development. By tracking the impact of the diet on the rats' levels of acetylcholine, and running the rats through some memory testing, they could learn more about the important relationship between diet and memory.

The researchers tracked the acetylcholine levels of a group of rats on a fatty, sugary diet and in a control group of rats by analyzing their brain responses to certain tasks designed to test their memory. The team examined the rats' brains post-mortem for signs of disrupted acetylcholine levels.

The memory test involved letting the rats explore new objects in different locations. Days later, the researchers reintroduced the rats to the scene that was nearly identical except for the addition of one new object. Rats on the junk food diet showed signs they could not remember which object they had previously seen, and where, while those in the control group showed familiarity.




"Acetylcholine signaling is a mechanism to help them encode and remember those events, analogous to 'episodic memory' in humans that allows us to remember events from our past," lead author Hayes explained. "That signal appears to not be happening in the animals that grew up eating the fatty, sugary diet."

Kanoski emphasized that adolescence is a very sensitive period for the brain when important changes are occurring in development. "I don't know how to say this without sounding like Cassandra and doom and gloom," he said, "but unfortunately, some things that may be more easily reversible during adulthood are less reversible when they are occurring during childhood."

There is at least some hope for intervention. Kanoski said that in another round of the study, the research team examined whether the memory damage in rats raised on the junk food diet could be reversed with medication that induces the release of acetylcholine. They used two drugs, PNU-282987 and carbachol, and found that with those treatments given directly to the hippocampus, a brain region that controls memory and is disrupted in Alzheimer's disease, the rats' memory ability was restored.

But without that special medical intervention, Kanoski said more research is needed to know how memory problems from a junk food diet during adolescence can be reversed.

In addition to Kanoski and Hayes, the team included other USC Dornsife researchers Logan Tierno Lauer, Alicia E. Kao, Molly E. Klug, Linda Tsan, Jessica J. Rea, Keshav S. Subramanian, Cindy Gu, Arun Ahuja, Kristen N. Donohue and Lea Decarie-Spain; Natalie Tanios of Keck School of Medicine of USC; as well as Anthony A. Fodor, Shan Sun of University of North Carolina-Charlotte.

The work was supported by the following: National Institute of Diabetes and Digestive and Kidney Diseases grant DK123423 (SEK, AF), National Institute of Diabetes and Digestive and Kidney Diseases grant DK104897 (SEK), Postdoctoral Ruth L. Kirschstein National Research Service Award from the National Institute on Aging F32AG077932 (AMRH), National Science Foundation Graduate Research Fellowships (separate awards to LT and KSS), Quebec Research Funds postdoctoral fellowship 315201 (LDS) and the Alzheimer's Association Research Fellowship to Promote Diversity AARFD-22-972811 (LDS).
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Family and media pressure to lose weight in adolescence linked to how people value themselves almost two decades later | ScienceDaily
People who as teenagers felt pressure to lose weight from family or from the media, females, people who are not heterosexual, and people experiencing socioeconomic disadvantage, are most at risk of 'internalised' weight stigma, new research led by the University of Bristol has found. The study is published in The Lancet Regional Health Europe today [15 April].


						
'Internalised' weight stigma, is when people apply negative obesity-related stereotypes to themselves, such as thinking they are less attractive, less competent, or less valuable as a person because of their weight. This is the first time a study has used a large UK sample to examine who is most at risk.

In England, around one in four people are living with obesity, but it is highly stigmatised. Negative obesity-related stereotypes and weight-related discrimination are widespread in society. Experience of weight stigma is a major public health issue: people affected by weight stigma are more likely to have poor mental health, eating disorders and may delay seeking medical treatment. However, little is known about which population groups are at higher risk of internalised weight stigma, because previous research has used small, nonrepresentative samples.

Using data from Bristol's Children of the 90s (also known as the Avon Longitudinal Study of Parents and Children), this new study examined differences in internalised weight stigma in over 4,000 people aged 31 years by sex, ethnicity, socioeconomic factors, sexual orientation, and family and wider social influences in childhood and adolescence.

The research found that feeling pressure from family to lose weight, weight-related teasing by family members, and feeling pressure from the media to lose weight as a teenager were all linked to higher levels of internalised weight stigma at age 31, and this was not explained by differences in body mass index (BMI). Being bullied in adolescence (at age 17 years) and adulthood (at age 23 years) were also independently linked to internalised weight stigma at age 31.

The study also found there are clear differences in internalised weight stigma between other groups of the population, which were also not explained by differences in BMI. Females and people who did not identify as heterosexual are at greater risk of internalized weight stigma. People who had spent more of their 20's as NEETs (not in education, employment or training), or whose mothers had fewer educational qualifications, are also more at risk of internalised weight stigma.

Dr Amanda Hughes, Research Fellow in the Bristol Medical School: Population Health Sciences (PHS) and corresponding author, said: "The family environment in adolescence, bullying, and pressure to lose weight from the media may have long-lasting impacts on how people value themselves based on their weight as adults.

"We have an opportunity to reduce weight stigma and its consequences by changing how we discuss weight in the media, in public spaces and in families, and how we respond to bullying in schools, workplaces, and other settings.

"This is crucial considering how common pressure to lose weight and weight-related bullying, stigma and discrimination are in many cultures around the world."

The researchers now plan to explore in detail the psychological processes by which these social factors may influence internalised weight stigma.
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Illuminating the path to hearing recovery | ScienceDaily
Professor Yunje Cho's research team from the Department of Life Sciences at Pohang University of Science and Technology (POSTECH, Republic of Korea) has collaborated with Professor Kwang Pyo Kim's group from the Department of Applied Chemistry at Kyung Hee University (KHU, ROK), Professor Vsevolod Katritch's team from the University of Southern California (USC, USA), and Professor Carol V. Robinson from the University of Oxford (UK) to uncover the mysteries surrounding a specific receptor protein associated with hearing. Their findings have recently been published in the online edition of Nature Structural & Molecular Biology.


						
Deep within the inner ear lie the cochlea, responsible for sound detection, and the vestibular apparatus, which oversees balance. Cells within these regions harbor a class C orphan G-protein-coupled receptor (GPCR) called GPR156. When this receptor is activated, it binds with G-proteins inside the cell, facilitating signal transmission. Unlike its counterparts, GPR156 exhibits sustained activity even in the absence of external stimuli, playing a pivotal role in upholding auditory and balance functions. Unveiling the structural and functional intricacies of GPR156 holds promise for devising interventions for individuals with congenital hearing impairments.

The research team employed cryo-electron microscopy (cryo-EM) analysis to delve into the GPR156 in the Go-free and Go-coupled states, achieving unprecedented resolution. Their investigation unearthed the mechanisms behind GPR156's ability to maintain heightened activity sans activators.

Their analysis confirmed that GPR156 activation hinges on its interaction with abundant lipids in the cell membrane, triggering structural shifts upon engagement with G-proteins in the cytoplasm. Notably, unlike conventional GPCRs, GPR156 exhibits flexibility in altering the structure of the seventh helix as it traverses the cell membrane, thereby facilitating binding with G-proteins and orchestrating signal activation to detect sound. This study represents a crucial step forward in unraveling the structural dynamics and activation mechanisms of GPR156.

Professor Yunje Cho of POSTECH remarked, "Congenital hearing and balance impairments afflict numerous individuals. I am hopeful that our research will pave the way for groundbreaking treatments and drug discoveries to alleviate their suffering."

This research received financial support from the National Research Foundation of Korea.
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Can animals count? | ScienceDaily
Research co-led by neuroscientists Professor Yung Wing-ho from City University of Hong Kong (CityUHK) and Professor Ke Ya from The Chinese University of Hong Kong (CUHK) Faculty of Medicine (CU Medicine) has made a groundbreaking discovery regarding number sense in animals by confirming the existence of discrete number sense in rats, offering a crucial animal model for investigating the neural basis of numerical ability and disability in humans.


						
The research team has developed an innovative approach that employs a novel numerical learning task, brain manipulation techniques and artificial intelligence modelling, and that resolves an ongoing argument about whether rats have a sense of numbers. The study sheds light on the mechanisms underlying numerical ability. The findings have been published in the renowned multidisciplinary scientific journal Science Advances.

Number sense closely linked to survival and intelligence

Number sense is a fundamental ability in animals' perception of the world and increases their chances of survival. It is also an important cognitive ability, which is fundamental to mathematical aptitude, a hallmark of human intelligence. About 3% to 7% of people suffer from dyscalculia, a learning disability that affects the ability to learn arithmetic and mathematics of people of normal intelligence; a deficit in number sense is one of the major symptoms.

Number sense refers to the capability to compare, estimate and manipulate nonsymbolic numerical quantities, rather than associated magnitudes, which are continuous dimensions inherent in a group of items, such as the area of visual objects or the duration of sound pulses. There have been challenges regarding whether number sense can be assessed in isolation from the influence of continuous magnitudes. Also, there has been a vivid ongoing debate regarding whether the sense of magnitude or the sense of number is more fundamental.

Study confirms that the rat brain has a specific area for dealing with numbers

The research team minimised the influence of continuous magnitudes in numerical tests and conducted meticulous quantitative analyses in the study to determine the respective contributions of numbers and magnitudes. They developed an algorithm to generate stimuli that enable animals to focus only on numbers, minimising other distracting factors. This will help scientists better understand how animals perceive and quantify numbers.




The study found that rats without any previous knowledge of numbers were able to develop a sense of numbers when trained with sounds representing two or three numbers. Despite the influence of continuous magnitudes, the rats consistently focused on the number of sounds when making choices for food rewards.

Professor Yung, Associate Dean of the Jockey Club College of Veterinary Medicine and Life Sciences and Chair Professor of Cognitive Neuroscience at CityUHK, said, "Our study helps dissect the relationship between magnitude and numerosity processing. We discovered that when we blocked a specific part of the rats' brain, called the posterior parietal cortex, their ability to understand numbers was affected but not their sense of magnitude. This suggests that the brain has a specific area for dealing with numbers. In fact, this is the first time scientists have demonstrated that rats have the ability to discriminate and categorise three different numbers in a single test, surpassing a simple quantity comparison."

Professor Ke from the School of Biomedical Sciences at CU Medicine expressed excitement about the findings. "The study not only solves a long-standing mystery about how brains handle numbers, but also offers new insights into studying the specific neural circuits involved in number processing in animals and how genes are associated with mathematical ability," she said. "Furthermore, the findings from neural network modelling could have practical applications in the field of artificial intelligence. In the future, our increased understanding of the brain mechanisms underlying the processing of numbers may contribute to the development of interventions for individuals with numerical difficulties."

Professor Yung and Professor Ke are the corresponding authors. Other contributing authors include Dr Liang Tuo, Dr Peng Rongchao, Mr Rong Kanglin and Ms Li Jiaxin from CUHK.
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AI enhances physician-patient communication | ScienceDaily
As one of the first health systems in the country to pilot the use of generative artificial intelligence (GenAI) to draft replies to patient messages inside the Epic Systems electronic health record, UC San Diego Health is a pioneer in shaping the future of digital health.


						
The results of a new University of California San Diego School of Medicine study indicate that, although AI-generated replies did not reduce physician response time, they have contributed to relieving cognitive burden by starting an empathetic draft, which physicians can edit rather than starting from scratch.

The study, published in the April 15, 2024 online edition of the Journal of the American Medical Association's Network Open, is the first randomized prospective evaluation of AI-drafted physician messaging.

"We are very interested in using AI to help solve health system challenges, including the increase in patient messages that are contributing to physician burnout," said study senior author Christopher Longhurst, MD, executive director of the Joan and Irwin Jacobs Center for Health Innovation, chief medical officer and chief digital officer at UC San Diego Health. "The evidence that the messages are longer suggests that that they are higher quality, and the data is clear that physicians appreciated the help, which lowered cognitive burden."

This quality improvement study evaluates patient-physician correspondence and suggests that the integration of generative AI into digital health care interactions has the potential to positively impact patient care by improving communication quality, efficiency and engagement. In addition, by alleviating some of the physician workload, the goal is for generative AI to help reduce burnout by allowing doctors to focus on more complex aspects of patient care.

"This study shows that generative AI can be a collaborative tool," said study lead author Ming Tai-Seale, PhD, MPH, professor of family medicine at UC San Diego School of Medicine. "Our physicians receive about 200 messages a week. AI could help break 'writer's block' by providing physicians an empathy-infused draft upon which to craft thoughtful responses to patients."

The COVID-19 pandemic sparked unprecedented use of digital communications between patients and doctors that have remained in high demand. Portals, such as MyUCSDChart, used by UC San Diego Health, make it simple to email a doctor directly and have created heightened pressure for prompt provider responses that many can no longer efficiently handle.




Using generative AI to draft patient responses to non-emergency questions has been tested in the pilot program with electronic health record vendor Epic Systems, initiated in April 2023 at UC San Diego Health, to offer virtual physician assistance to help meet the rising demand of patient messages. For full transparency, the replies include a notification that they have been automatically generated by AI before being reviewed and edited by the physician who signs them.

Time-crunched physicians who may only have time for a brief, facts-only response, found that generative AI is helping to draft longer, compassionate responses that are appreciated and understood by patients.

"AI doesn't get tired, so even at the end of a long day, it still has the capacity to help draft an empathetic message while synthesizing the request and relevant data into the response," said study co-author Marlene Millen, MD, chief medical information officer for ambulatory care at UC San Diego Health. "So, while we were surprised by the study's findings that AI messaging didn't save doctors time, we see that it may help prevent burnout by providing a detailed draft as a starting point."

The study's findings suggest a potential paradigm shift in health care communication by leveraging AI, noting that further analysis is needed to gauge how beneficial patients deem the increased empathy and reply length to be.

UC San Diego Health, in conjunction with the Jacobs Center for Health Innovation, has been extensively testing GenAI models since May 2023. These transformative projects will help explore the safe, effective and novel use of GenAI in health care.

Co-authors of the study include: Sally L. Baxter, Florin Vaida, Amanda Walker, Amy M. Sitapati, Chad Osborne, Joseph Diaz, Nimit Desai, Sophie Webb, Gregory Polston, Teresa Helsten, Erin Gross, Jessica Thackaberry, Ammar Mandvi, Dustin Lillie, Steve Li, Geneen Gin, Suraj Achar, Heather Hofflick, and Marlene Millen all of UC San Diego; and Christopher Sharp of Stanford.
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Microplastics make their way from the gut to other organs | ScienceDaily
It's happening every day. From our water, our food and even the air we breathe, tiny plastic particles are finding their way into many parts of our body.


						
But what happens once those particles are inside? What do they do to our digestive system?

In a recent paper published in the journal Environmental Health Perspectives, University of New Mexico researchers found that those tiny particles -- microplastics -- are having a significant impact on our digestive pathways, making their way from the gut and into the tissues of the kidney, liver and brain.

Eliseo Castillo, PhD, an associate professor in the Division of Gastroenterology & Hepatology in the UNM School of Medicine's Department of Internal Medicine and an expert in mucosal immunology, is leading the charge at UNM on microplastic research.

"Over the past few decades, microplastics have been found in the ocean, in animals and plants, in tap water and bottled water," Castillo, says. "They appear to be everywhere."

Scientists estimate that people ingest 5 grams of microplastic particles each week on average -- equivalent to the weight of a credit card.

While other researchers are helping to identify and quantify ingested microplastics, Castillo and his team focus on what the microplastics are doing inside the body, specifically to the gastrointestinal (GI) tract and to the gut immune system.




Over a four-week period, Castillo, postdoctoral fellow Marcus Garcia, PharmD, and other UNM researchers exposed mice to microplastics in their drinking water. The amount was equivalent to the quantity of microplastics humans are believed to ingest each week.

Microplastics had migrated out of the gut into the tissues of the liver, kidney and even the brain, the team found. The study also showed the microplastics changed metabolic pathways in the affected tissues.

"We could detect microplastics in certain tissues after the exposure," Castillo says. "That tells us it can cross the intestinal barrier and infiltrate into other tissues."

Castillo says he's also concerned about the accumulation of the plastic particles in the human body. "These mice were exposed for four weeks," he says. "Now, think about how that equates to humans, if we're exposed from birth to old age."

The healthy laboratory animals used in this study showed changes after brief microplastic exposure, Castillo says. "Now imagine if someone has an underlying condition, and these changes occur, could microplastic exposure exacerbate an underlying condition?"

He has previously found that microplastics are also impacting macrophages -- the immune cells that work to protect the body from foreign particles.




In a paper published in the journal Cell Biology & Toxicology in 2021, Castillo and other UNM researchers found that when macrophages encountered and ingested microplastics, their function was altered and they released inflammatory molecules.

"It is changing the metabolism of the cells, which can alter inflammatory responses," Castillo says. "During intestinal inflammation -- states of chronic illness such as ulcerative colitis and Crohn's disease, which are both forms of inflammatory bowel disease -- these macrophages become more inflammatory and they're more abundant in the gut."

The next phase of Castillo's research, which is being led by postdoctoral fellow Sumira Phatak, PhD, will explore how diet is involved in microplastic uptake.

"Everyone's diet is different," he says. "So, what we're going to do is give these laboratory animals a high-cholesterol/high-fat diet, or high-fiber diet, and they will be either exposed or not exposed to microplastics. The goal is to try to understand if diet affects the uptake of microplastics into our body."

Castillo says one of his PhD students, Aaron Romero, is also working to understand why there is a change in the gut microbiota. "Multiple groups have shown microplastics change the microbiota, but how it changes the microbiota hasn't been addressed."

Castillo hopes that his research will help uncover the potential impacts microplastics are having to human health and that it will help spur changes to how society produces and filtrates plastics.

"At the end of the day, the research we are trying to do aims to find out how this is impacting gut health," he says. "Research continues to show the importance of gut health. If you don't have a healthy gut, it affects the brain, it affects the liver and so many other tissues. So even imagining that the microplastics are doing something in the in the gut, that chronic exposure could lead to systemic effects."
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Epilepsy drug prevents brain tumors in mice with NF1 | ScienceDaily
A drug used to treat children with epilepsy prevents brain tumor formation and growth in two mouse models of neurofibromatosis type 1 (NF1), according to a study by researchers at Washington University School of Medicine in St. Louis. NF1 is a genetic condition that causes tumors to grow on nerves throughout the body, including the optic nerves, which connect the eyes to the brain.


						
The findings lay the groundwork for a clinical trial to assess whether the drug, lamotrigine, can prevent or delay brain tumors in children with NF1. The study is online in the journal Neuro-Oncology.

"Based on these data, the Neurofibromatosis Clinical Trials Consortium is considering launching a first-of-its-kind prevention trial," said senior author David H. Gutmann, MD, PhD, the Donald O. Schnuck Family Professor of Neurology and the director of Washington University's Neurofibromatosis Center. The clinical trials consortium is an international network of NF scientists that was formed by the U.S. Department of Defense in 2006 to find therapies for all forms of neurofibromatosis. "The plan is to enroll kids without symptoms, treat them for a limited time, and then see whether the number of children who develop tumors that require treatment goes down.

"This is a novel idea, so we took it to an NF1 patient focus group," Gutmann continued. "They said, 'This is exactly what we're looking for.' A short-term treatment with a drug that has been used safely for 30 years was acceptable to them if it reduced the chance their children would develop tumors and need chemotherapy that might have all kinds of side effects."

The most serious tumors that people with NF1 get affect the optic nerve and are known as optic gliomas. Such tumors typically appear between ages 3 to 7. While they are rarely fatal, they cause vision loss in up to a third of patients as well as other symptoms, including early puberty. Standard chemotherapy for optic gliomas is only moderately effective at preventing further vision loss and can affect children's developing brains, resulting in cognitive and behavioral problems.

In a previous study, Gutmann and Corina Anastasaki, PhD, an assistant professor of neurology and the first author on the new paper, showed that lamotrigine stopped optic glioma growth in NF1 mice by suppressing neuronal hyperactivity. The Neurofibromatosis Clinical Trial Consortium found their data intriguing but demanded more evidence before they would consider launching a clinical trial. The consortium members asked Gutmann and Anastasaki to clarify the connection between Nf1 mutation, neuronal excitability and optic gliomas; assess whether lamotrigine was effective at the doses already proven safe in children with epilepsy; and conduct these studies in more than one strain of NF1 mice.

In people, NF1 is a highly variable disease. It can be caused by any one of thousands of different mutations in the NF1 gene, where different mutations could be associated with different medical problems. Repeating experiments in multiple strains of mice was a way of gauging whether lamotrigine was likely to work in people regardless of the underlying mutation.

Anastasaki and Gutmann not only showed that lamotrigine worked in two strains of NF1 mice, they also showed that the drug worked at lower doses than those used for epilepsy, meaning that it was probably safe. Even better, they found that a short course of the drug had lasting effects, both as a preventive and a treatment. Mice that had tumors and that were treated for four weeks starting at 12 weeks of age saw their tumors stop growing and even showed no further damage to the retinas of their eyes. Mice that received a four-week course of the drug starting at 4 weeks of age, before tumors typically emerge, showed no tumor growth even four months after treatment had ended.

These findings have led Gutmann to suggest that a one-year course of treatment for young children with NF1, maybe between the ages of 2 to 4, might be enough to reduce their risk of brain tumors.

"The idea that we might be able to change the prognosis for these kids by intervening within a short time window is so exciting," Gutmann said. "If we could just get them past the age when these tumors typically form, past age 7, they may never need treatment. I'd love it if I never again had to discuss chemotherapy for kids who aren't even in first grade yet."
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Physical activity reduces stress-related brain activity to lower cardiovascular disease risk | ScienceDaily
New research indicates that physical activity lowers cardiovascular disease risk in part by reducing stress-related signaling in the brain.


						
In the study, which was led by investigators at Massachusetts General Hospital (MGH), a founding member of the Mass General Brigham healthcare system and published in the Journal of the American College of Cardiology, people with stress-related conditions such as depression experienced the most cardiovascular benefits from physical activity.

To assess the mechanisms underlying the psychological and cardiovascular disease benefits of physical activity, Ahmed Tawakol, MD, an investigator and cardiologist in the Cardiovascular Imaging Research Center at Massachusetts General Hospital, and his colleagues analyzed medical records and other information of 50,359 participants from the Mass General Brigham Biobank who completed a physical activity survey.

A subset of 774 participants also underwent brain imaging tests and measurements of stress-related brain activity.

Over a median follow-up of 10 years, 12.9% of participants developed cardiovascular disease. Participants who met physical activity recommendations had a 23% lower risk of developing cardiovascular disease compared with those not meeting these recommendations.

Individuals with higher levels of physical activity also tended to have lower stress-related brain activity. Notably, reductions in stress-associated brain activity were driven by gains in function in the prefrontal cortex, a part of the brain involved in executive function (i.e., decision making, impulse control) and is known to restrain stress centers of the brain. Analyses accounted for other lifestyle variables and risk factors for coronary disease.

Moreover, reductions in stress-related brain signaling partially accounted for physical activity's cardiovascular benefit.

As an extension of this finding, the researchers found in a cohort of 50,359 participants that the cardiovascular benefit of exercise was substantially greater among participants who would be expected to have higher stress-related brain activity, such as those with pre-existing depression.

"Physical activity was roughly twice as effective in lowering cardiovascular disease risk among those with depression. Effects on the brain's stress-related activity may explain this novel observation," says Tawakol, who is the senior author of the study.

"Prospective studies are needed to identify potential mediators and to prove causality. In the meantime, clinicians could convey to patients that physical activity may have important brain effects, which may impart greater cardiovascular benefits among individuals with stress-related syndromes such as depression."
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Specific nasal cells protect against COVID-19 in children | ScienceDaily
Important differences in how the nasal cells of young and elderly people respond to the SARS-CoV-2 virus, could explain why children typically experience milder COVID-19 symptoms, finds a new study led by researchers at UCL and the Wellcome Sanger Institute.


						
The study, published in Nature Microbiology, focused on the early effects of SARS-CoV-2 infection on the cells first targeted by the viruses, the human nasal epithelial cells (NECs).

These cells were donated from healthy participants from Great Ormond Street Hospital (GOSH), University College London Hospital (UCLH) and the Royal Free Hospital, including children (0-11 years), adults (30 -- 50 years) and, for the first time, the elderly (over 70 years).

The cells were then cultured using specialised techniques, allowing them to regrow into the different types of cells you originally find in the nose. Using single-cell RNA sequencing techniques that enable scientists to identify the unique genetic networks and functions of thousands of individual cells, the team identified 24 distinct epithelial cell types. Cultures from each age group were then either mock infected or infected with SARS-CoV-2.

The researchers found that, after three days, the NECs of children responded quickly to SARS-CoV-2 by increasing interferon (the body's first line of anti-viral defence) -- restricting viral replication. However, this early anti-viral effect became less pronounced with age.

The researchers also found that NECs from elderly individuals not only produced more infectious virus particles, but also experienced increased cell shedding and damage.

The strong antiviral response in the NECs of children could explain why younger people typically experience milder symptoms. In contrast, the increased damage and higher viral replication found in NECs from elderly individuals could be linked to the greater severity of disease observed in older adults.




Project lead, Dr Claire Smith (Associate Professor at UCL Great Ormond Street Institute of Child Health), said: "Our research reveals how the type of cells we have in our nose changes with age, and how this affects our ability to combat SARS-CoV-2 infection. This could be crucial in developing effective anti-viral treatments tailored to different age groups, especially for the elderly who are at higher risk of severe COVID-19."

Co-Senior author, Dr Kerstin Meyer (Wellcome Sanger Institute), said: "By carrying out SARS-CoV-2 infections of epithelial cells in vitro and studying the responses with single cell sequencing, we get a much more detailed understanding of the viral infection kinetics and see big differences in the innate immune response between cell types."

Children infected with SARS-CoV-2 rarely progress to respiratory failure, but the risk of mortality in infected people over the age of 85 remains high, despite vaccination and improving treatment options.

The research underscores the importance of considering age as a critical factor in both research and treatment of infectious diseases.

Co-senior author, Dr Marko Nikolic (UCL Division of Medicine), said: "It is fascinating that when we take away immune cells from nasal samples, and are only left with nasal epithelial cells grown in a dish, we are still able to identify age-specific differences in our body's response to the SARS-CoV-2 between the young and elderly to explain why children are generally protected from severe COVID-19."

Dr Smith added: "Understanding the cellular differences at the initiation of infection is just the beginning. We now hope to investigate the long-term implications of these cellular changes and test therapeutic interventions using our unique cell culture model. This 'gold-standard' system is only possible with the support of our funders and the willingness of participants to provide their samples."

The team suggest that future research should consider how ageing impacts the body's response to other viral infections.

This study was funded by UK Research and Innovation (UKRI), and the National Institute for Health and Care Research (NIHR) Great Ormond Street Hospital Biomedical Research Centre, Wellcome and the Chan Zuckerberg Foundation.
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Human muscle map reveals how we try to fight effects of aging | ScienceDaily
How muscle changes with ageing, and tries to fight its effects, is now better understood at the cellular and molecular level with the first comprehensive atlas of ageing muscles in humans.


						
Researchers from the Wellcome Sanger Institute and their collaborators at Sun Yat-sen University, China applied single-cell technologies and advanced imaging to analyse human skeletal muscle samples from 17 individuals across the adult lifespan. By comparing the results, they shed new light on the many complex processes underlying age-related muscle changes.

The atlas, published today (15 April) in Nature Ageing, uncovers new cell populations that may explain why some muscle fibres age faster than others. It also identifies compensatory mechanisms the muscles employ to combat ageing.

The findings offer avenues for future therapies and interventions to improve muscle health and quality of life as we age.

This study is part of the international Human Cell Atlas initiative to map every cell type in the human body1, to transform understanding of health and disease.

As we age, our muscles progressively weaken. This can affect our ability to perform everyday activities like standing up and walking. For some people, muscle loss worsens, leading to falls, immobility, a loss of autonomy and a condition called sarcopenia2. The reasons why our muscles weaken over time have remained poorly understood.

In this new study, scientists from the Wellcome Sanger Institute and Sun Yat-sen University, China used both single-cell and single-nucleus sequencing techniques3 along with advanced imaging to analyse human muscle samples from 17 individuals aged 20 to 75.




The team discovered that genes controlling ribosomes, responsible for producing proteins, were less active in muscle stem cells from aged samples. This impairs the cells' ability to repair and regenerate muscle fibres as we age. Further, non-muscle cell populations within these skeletal muscle samples produced more of a pro-inflammatory molecule called CCL2, attracting immune cells to the muscle and exacerbating age-related muscle deterioration.

Age-related loss of a specific fast-twitch muscle fibre subtype, key for explosive muscle performance, was also observed4. However, they discovered for the first time several compensatory mechanisms from the muscles appearing to make up for the loss. These included a shift in slow-twitch muscle fibres to express genes characteristic of the lost fast-twitch subtype, and increased regeneration of remaining fast-twitch fibre subtypes.

The team also identified specialised nuclei populations3 within the muscle fibres that help rebuild the connections between nerves and muscles that decline with age. Knockout experiments in lab-grown human muscle cells by the team confirmed the importance of these nuclei in maintaining muscle function5.

Veronika Kedlian, first author of the study from the Wellcome Sanger Institute, said: "Our unbiased, multifaceted approach to studying muscle ageing, combining different types of sequencing, imaging and investigation reveals previously unknown cellular mechanisms of ageing and highlights areas for further study."

Professor Hongbo Zhang, senior author of the study from Sun Yat-sen University, Guangzhou, China, said: "In China, the UK and other countries, we have ageing populations, but our understanding of the ageing process itself is limited. We now have a detailed view into how muscles strive to maintain function for as long as possible, despite the effects of ageing."

Dr Sarah Teichmann, senior author of the study from the Wellcome Sanger Institute, and co-founder of the Human Cell Atlas, said: "Through the Human Cell Atlas, we are learning about the body in unprecedented detail, from the earliest stages of human development through to old age.With these new insights into healthy skeletal muscle ageing, researchers all over the world can now explore ways to combat inflammation, boost muscle regeneration, preserve nerve connectivity, and more. Discoveries from research like this have huge potential for developing therapeutic strategies that promote healthier ageing for future generations."
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New study sheds light on the mechanisms underlying the development of malignant pediatric brain tumors | ScienceDaily
A new study conducted by researchers at Tampere University and Tampere University Hospital revealed how aberrant epigenetic regulation contributes to the development of atypical teratoid/rhabdoid (AT/RT) tumours, which are aggressive brain tumours that mainly affect young children. There is an urgent need for more research in this area as current treatment options are ineffective against these highly malignant tumours.


						
Most tumours take a long time to develop as harmful mutations gradually accumulate in cells' DNA over time. AT/RT tumours are a rare exception, because the inactivation of one gene gives rise to this highly aggressive form of brain cancer.

AT/RT tumours are rare central nervous system embryonic tumours that predominantly affect infants and young children. On average, 73 people are diagnosed with AT/RT in the USA each year. However, AT/RT is the most common central nervous system tumour in children under one years old and accounts for 40-50% of diagnoses in this age group. The prognosis for AT/RT patients is grim, with a postoperative median survival of only 11-24 months.

The collaborative study conducted by Tampere University and Tampere University Hospital examined how aberrant DNA methylation distorts cellular developmental trajectories and thereby contributes to the formation of AT/RT. DNA methylation is a process whereby methyl groups are added to the DNA strand. DNA methylation is one of the mechanisms that cells use to control gene expression, and methylation patterns change during normal brain development.

The new study showed that DNA methylation interferes with the activity of multiple regulators, which under normal circumstances regulate the differentiation and maturation of central nervous system cells during brain development. Disrupted cell differentiation promotes the abnormal, uncontrolled proliferation of cells that eventually form a tumour.

The study also found several genes that regulate cell differentiation or inhibit tumour development and are silenced in AT/RT together with increased DNA methylation. The findings will pave the way for a more detailed understanding of the epigenetic dysregulation mechanisms in AT/RT pathogenesis and enable researchers to identify which genes contribute to the malignant progression of the tumour.

"These results will provide deeper insights into the development of AT/RTs and their malignancy. In the future, the results will help to accelerate the discovery of new treatments for this aggressive brain tumour," says Docent Kirsi Rautajoki from Tampere University.

At Tampere University, the research was mainly carried out by the research groups led by Kirsi Rautajoki and Professor Matti Nykter. The key partners from Tampere University Hospital included paediatrician, LM Kristiina Nordfors, neurosurgeon and Docent Joonas Haapasalo and neuropathologist and Docent Hannu Haapasalo.
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The joy of sports: How watching sports can boost well-being | ScienceDaily
For many individuals, sports have long served as a source of enjoyment and relaxation. Watching sports, particularly at large gatherings, goes beyond entertainment. It fosters a sense of community and belonging among audiences. This sense of connection not only makes individuals feel good but also benefits society by improving health, enhancing productivity, and reducing crime. Although it is popularly recognized for its positive effects, existing studies on the relationship between watching sports and well-being offer only limited evidence.


						
Recognizing this gap, a team of researchers led by Associate Professor Shintaro Sato from the Faculty of Sport Sciences, Waseda University, Japan, embarked on a groundbreaking study. Prof. Sato, alongside Assistant Professor Keita Kinoshita from Nanyang Technological University and Dr. Kento Nakagawa from the Faculty of Human Sciences, Waseda University, used a multi-method approach, combining secondary data analysis, self-reports, and neuroimaging measures to understand the connection between sports viewing and well-being in the general population. "A significant challenge in well-being research is the subjective nature of measurement procedures, potentially leading to biased findings. Therefore, our studies focused on both subjective and objective measures of well-being," explains Prof. Sato. Their research was published online on 22 March 2024 in Sports Management Review.

In the first study, the researchers analyzed large-scale publicly available data on the influence of watching sports on 20,000 Japanese residents. The results of this study confirmed the ongoing pattern of elevated reported well-being associated with regular sports viewing. However, this study was limited by its inability to provide deeper insight into the relationship between sports consumption and well-being.

The second study, an online survey aimed at investigating whether the connection between sports viewing and well-being varied depending on the type of sport observed, involved 208 participants. The experiment exposed them to various sports videos, assessing their well-being both before and after viewing. The findings underscored that widely embraced sports, like baseball, exerted a more significant impact on enhancing well-being compared to less popular sports, such as golf.

However, the most groundbreaking aspect of this research emerged in the third study. Here, the team employed neuroimaging techniques to scrutinize alterations in brain activity following sports viewing. Utilizing multimodal MRI neuroimaging measurement procedures, the brain activity of fourteen able-bodied Japanese participants was analyzed while they watched sports clips. The results of this investigation illuminated that, sports viewing triggered activation in the brain's reward circuits, indicative of feelings of happiness or pleasure. Additionally, a noteworthy finding surfaced in the structural image analysis. It revealed that individuals who reported watching sports more frequently exhibited greater gray matter volume in regions associated with reward circuits, suggesting that regular sports viewing may gradually induce changes in brain structures. "Both subjective and objective measures of well-being were found to be positively influenced by engaging in sports viewing. By inducing structural changes in the brain's reward system over time, it fosters long-term benefits for individuals. For those seeking to enhance their overall well-being, regularly watching sports, particularly popular ones such as baseball or soccer, can serve as an effective remedy," comments Prof. Sato.

The study has profound implications and theoretical contributions to sports management literature. Existing literature has primarily focused on sports fans; however, this study has taken into consideration a larger general population irrespective of their relationship to sports consumption. This research can contribute significantly to sports management practices and policymaking for public health.
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Antibiotics aren't effective for most lower tract respiratory infections | ScienceDaily
Use of antibiotics provided no measurable impact on the severity or duration of coughs even if a bacterial infection was present, finds a large, prospective study of people who sought treatment in U.S. primary or urgent care settings for lower-respiratory tract infections.


						
The study by researchers at Georgetown University Medical Center and colleagues appeared April 15, 2024, in the Journal of General Internal Medicine. 

"Upper respiratory tract infections usually include the common cold, sore throat, sinus infections and ear infections and have well established ways to determine if antibiotics should be given," says the study's lead author, Dan Merenstein, MD, professor of family medicine at Georgetown University School of Medicine. "Lower respiratory tract infections tend to have the potential to be more dangerous, since about 3% to 5% of these patients have pneumonia. But not everyone has easy access at an initial visit to an X-ray, which may be the reason clinicians still give antibiotics without any other evidence of a bacterial infection. Plus, patients have come to expect antibiotics for a cough, even if it doesn't help. Basic symptom-relieving medications plus time brings a resolution to most people's infections."

The antibiotics prescribed in this study for lower tract infections were all appropriate, commonly used antibiotics to treat bacterial infections. But the researchers' analysis showed that of the 29% of people given an antibiotic during their initial medical visit, there was no effect on the duration or overall severity of cough compared to those who didn't receive an antibiotic.

"Physicians know, but probably overestimate, the percentage of lower tract infections that are bacterial; they also likely overestimate their ability to distinguish viral from bacterial infections," says Mark H. Ebell, MD, MS, a study author and professor in the College of Public Health at the University of Georgia. "In our analysis, 29% of people were prescribed an antibiotic while only 7% were given an antiviral. But most patients do not need antivirals as there exist only two respiratory viruses where we have medications to treat them: influenza and SARS-COV-2. There are none for all of the other viruses."

To determine if there was an actual bacterial or viral infection present, beyond the self-reported symptoms of a cough, the investigators confirmed the presence of pathogens with advanced lab tests to look for microbiologic results classified as only bacteria, only viruses, both virus and bacteria, or no organism detected. Very importantly, for those with a confirmed bacterial infection, the length of time until illness resolution was the same for those receiving an antibiotic versus those not receiving one -- about 17 days.

Overuse of antibiotics can result in dizziness, nausea, diarrhea, and rash along with about a 4% chance of serious adverse effects including anaphylaxis, which is a severe, life-threatening allergic reaction; Stevens-Johnson syndrome, a rare, serious disorder of the skin and mucous membranes; and Clostridioides difficile-associated diarrhea. Another significant concern of the overuse of antibiotics is resistance. The World Health Organization released a statement on April 4, 2024, stating: "Uncontrolled antimicrobial resistance [due to the overuse of antibiotics] is expected to lower life expectancy and lead to unprecedented health expenditure and economic losses."

"We know that cough can be an indicator of a serious problem. It is the most common illness-related reason for an ambulatory care visit, accounting for nearly 3 million outpatient visits and more than 4 million emergency department visits annually," says Merenstein. "Serious cough symptoms and how to treat them properly needs to be studied more, perhaps in a randomized clinical trial as this study was observational and there haven't been any randomized trials looking at this issue since about 2012."
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School suspensions and exclusions put vulnerable children at risk | ScienceDaily
Managing problematic student behaviour is one of the most persistent, challenging, and controversial issues facing schools today. Yet despite best intentions to build a more inclusive and punitive-free education system, school suspensions and expulsions remain.


						
Now, new research from the University of South Australia shows that exclusionary practices not only fail to identify the deep-rooted causes of challenging student behaviours but exacerbate negative issues rather than resolve them.

Lead researcher, UniSA's Professor Anna Sullivan, says schools face difficult decisions around suspensions and expulsions.

"Suspensions and expulsions have been the mainstay of schools' behaviour management practices for decades, regardless of research finding that they are ineffective for disciplining bad behaviours," Prof Sullivan says.

"In fact, there is a clear relationship between school suspensions and a range of detrimental health outcomes, including alienation from school, involvement with antisocial peers, use of alcohol and smoking, and a lower quality of school life -- and this contributes to a higher risk of dropping out of school and possible illegal behaviour.

"What makes things worse is that vulnerable students have a higher risk of being suspended or expelled, which in many cases exacerbates their circumstances and life chances.

"Boys, Aboriginal students, students from low SES backgrounds, and students with a disability are disproportionately excluded from schools.




"There is a distinct blind spot about how school suspensions and expulsions perpetuate wider social inequalities.

"Schools and policy makers must look beyond challenging behaviours to understand what is contributing to the cause -- rather than treating the effect -- and it's this missing information that's needed to develop new school policies."

Analysing the recently reviewed NSW Student Behaviour Strategy, researchers found that while there was more behaviour support and management, the new iterations still included punitive practices.

"When a student is suspended or expelled from school, we're ultimately removing them from their education and limiting their life outcomes. And knowing that vulnerable groups are more at risk, these exclusion policies are ultimately discriminatory," Prof Sullivan says.

"We also see situations where children with disabilities -- some on prescribed medications -- are being excluded from school on the basis that 'they have problems already'. As a consequence, exclusion appears to be a reasonable solution given schools do not have the time, expertise or resources to manage complex and challenging behavioural needs.

"Adding to such deficit thinking is removing a 'problem child' from the learning environment of others. Instead of helping these students, the policies are exacerbating their struggles.




"What we need is more listening, more empathy to students at risk, and a willingness to challenge the impact of wider social inequalities including poverty, race, housing, and unemployment on the most vulnerable people in society. These things do not operate in isolation; they affect families and children and cannot simply be left at the school gate.

"It's time to look afresh at the complex and challenging circumstances in which many young people find themselves. Only then can we hope to create a more inclusive and fair education system."

Notes to editors:
    	Published paper: Down, B., Sullivan, A., Tippett, N., Johnson, B., Manolev, J., & Robinson, J., (2024). What is missing in policy discourses about school exclusions?, Critical Studies in Education, DOI: 10.1080/17508487.2024.2312878
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Carbon beads help restore healthy gut microbiome and reduce liver disease progression | ScienceDaily
Innovative carbon beads, invented by researchers at UCL, reduce bad bacteria and inflammation in animal models, which are linked to liver cirrhosis and other serious health issues.


						
The study, published in Gut, found that the carbon beads, licensed to UCL-spinout Yaqrit, were effective in restoring gut health and had a positive impact on liver, kidney and brain function in rats and mice. They were also found to be safe for human use.

The next step will be to see if the same benefits can be realised in humans, which would pave the way for them to be used to treat diseases linked to poor gut health.

Worldwide, it is estimated that there are around 100 million people living with cirrhosis of the liver and 10 million who have cirrhosis plus an additional complication.

Explaining the current clinical challenges, senior author Professor Rajiv Jalan from the UCL Institute for Liver and Digestive Health, said: "The influence of the gut microbiome on health is only just beginning to be fully appreciated. When the balance of the microbiome is upset, 'bad' bacteria can proliferate and out-compete the 'good' bacteria that keeps the gut healthy.

"One of the ways they do this is by excreting endotoxin, toxic metabolites and cytokines that transform the gut environment to make it more favourable to them and hostile to good bacteria. These substances, particularly endotoxin, can trigger gut inflammation and increase the leakiness of the gut wall, resulting in damage to other organs such as the liver, kidneys and brain.

"In cirrhosis, a condition characterised by scarring of the liver, it is known that inflammation caused by endotoxins can exacerbate liver damage. Part of the standard treatment for cirrhosis is antibiotics aimed at controlling bad bacteria, but this comes with the risk of antibiotic resistance and is only used in late-stage disease."

To overcome this, scientists at UCL, in collaboration with Yaqrit, developed tiny oral carbon beads, that have a special microscopic physical structure designed to adsorb both large and small molecules in the gut.




In the study, researchers from UCL tested the effectiveness of the carbon beads, known by the product name CARBALIVE, to restore gut health and assessed the impact on liver, kidney and brain function in rats and mice.

They found that when ingested every day for several weeks, the beads were effective in preventing the progress of liver scarring and injury in animals with cirrhosis, and reduced mortality in animals with acute-on-chronic-liver-failure (ACLF).

The beads were also tested on 28 cirrhosis patients and proved to be safe with negligible side effects. If the same benefits observed in animal models occur in humans, the beads could be an important new tool to help tackle liver disease.

Michal Kowalski, a Vice President and the CARBALIVE product lead at Yaqrit, said: "These novel, engineered carbon beads, which are swallowed and pass through the body unaltered, are smaller than a grain of salt. They work by absorbing the endotoxins and other metabolites produced by 'bad' bacteria in the gut, creating a better environment for the good bacteria to flourish and helping to restore microbiome health. This prevents these toxins from leaching into other areas of the body and causing damage, as they do in cirrhosis.

"The results in animal models are very positive, with reduction in gut permeability, liver injury, as well as brain and kidney dysfunction."

The results open the door for further trials to test the efficacy of the carbon beads in humans, one of which is due to start soon. If the beads are proved to be effective at halting or slowing the progression of liver damage, they could be an invaluable tool for treating liver disease and possibly other conditions associated with poor microbiome health.




Professor Jalan, a Professor of Hepatology at UCL and consultant at the Royal Free Hospital, added: "I have high hopes that the positive impact of these carbon beads in animal models will be seen in humans, which is exciting not just for the treatment of liver disease but potentially any health condition that is caused or exacerbated by a gut microbiome that doesn't work as it should. This might include conditions such as irritable bowel syndrome, for example, which is on the rise in many countries.

"The study is another milestone in a journey that began at UCL and has evolved into our spin-out Yaqrit, thanks to grant funding from the European Union's Horizon 2020 research and innovation programme. This has allowed us to build a factory to manufacture the beads and enabled discovery research into their potential uses. I'm optimistic that this journey will end with these beads being approved to help treat liver disease and other conditions within the next few years."

This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement No. 634579.
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A third of women experience migraines associated with menstruation, most commonly when premenopausal | ScienceDaily
A third of the nearly 20 million women who participated in a national health survey report migraines during menstruation, and of them, 11.8 million, or 52.5%, were premenopausal. The analysis was conducted by researchers at Georgetown University Medical Center and Pfizer, Inc., which makes a migraine medication.


						
Because of the underuse of medications to help treat or prevent menstrual migraines, investigators wanted to understand how common menstrual migraines were and which groups of women could most benefit from potential therapies. The study will be presented April 16, at the American Academy of Neurology 2024 Annual Meeting in Denver.

"The first step in helping a woman with menstrual migraine is making a diagnosis; the second part is prescribing a treatment; and the third part is finding treatments patients are satisfied with and remain on to reduce disability and improve quality of life," says the study author, Jessica Ailani, MD, professor of clinical neurology at Georgetown University School of Medicine and director of the MedStar Georgetown Headache Center at Medstar Georgetown University Hospital.

The researchers used the 2021 U.S. National Health and Wellness Survey, conducted by the National Center for Health Statistics, to analyze responses from women who reported their current migraine treatments, frequency and disabilities via the Migraine Disability Assessment Test (MIDAS), a five-question survey. A migraine headache can cause severe throbbing pain or a pulsing sensation, usually on one side of the head. It's often accompanied by nausea, vomiting, and extreme sensitivity to light and sound.

"Discrepancies in the incidence of who gets migraine attacks associated with menses is likely due to premenopausal women having more regular menstrual cycles and thus more menstrual-related migraines," says Ailani. "Additionally, as women move into their 40's and become peri-menopausal, there tends to be a greater shift through the month in hormone levels also leading to frequent migraine attacks."

The survey found that for all women during their menstrual periods, migraine attacks occurred as frequently as 4.5 times and that monthly only migraine headaches lasted 8.4 days, on average; 56.2 % of women had moderate-to-severe migraine-specific disabilities that ranked highest on the MIDAS scale.

When looking at treatments women in the survey used to help control their migraine symptoms, 42.4% used over-the-counter medications while 48.6% used prescription medications. Of the 63.9 % of women who used migraine treatments for acute symptoms, the most commonly used were triptans, a class of drugs developed in the 1990s to quiet overactive nerves associated with migraines and cluster headaches.




Sara's story

Sara, a 38 year old mother of two, says her migraines are predictably and consistently worse during her period.

"It definitely disrupts my ability to go about my normal activities including at work," Sara says. "I'm pretty lucky that I'm generally responsive to prescription medication, but I often still have to lie down for an hour or so while the medicine kicks in."

Sara is being treated preventatively for migraines with Botox. She says over the past couple of months, she's had a couple of migraines outside of when she gets her period, but that the headaches are definitely worse during menstruation.

"While I had my last period, I had a migraine every day for a week," Sara says. "It's starkly different [during menstruation]."

Prevention Possibilities

Non-steroidal anti-inflammatory drugs (NSAIDs), such as naproxen or ibuprofen, are sometimes used as preventive medications for women with regular menstrual periods. In this study, 21.1% of women reported use of any migraine prevention medications or therapies.




"Preventive treatments are used less frequently than acute treatment for migraine," Alaini said. "In my opinion, this is because preventive therapy is a long-term commitment by both a woman and her clinician to improving the disease process. Migraine is a life-long brain disease without a cure, and the goal of preventive therapy is to reduce disease burden and improve quality of life. Unfortunately, newer disease-specific treatments are costly, so generic older treatments are often used and come with greater side effects."

Next Steps

The researcher's next steps involve looking at larger databases to see if they can mimic findings on a global scale. They want to determine if women with menstrual-related migraine are frequently turning to non-migraine treatments as was seen in around 53% of their current study group.

"As a headache specialist in the U.S., I know I can do better for women in my clinic, but what can be done for the millions of women who don't get into a headache clinic? That is our true next step," says Ailani. "If you have migraines related to your menstrual cycle, discuss this with your gynecologist or neurologist. There are treatments that can help and if the first treatment tried does not work, do not give up."

In addition to Ailani, co-authors include Joshua Brown, Motomori Lewis, Aaron Jenkins, Jessica Cirillo, Karin Hygge Blakeman, Jiyue Yang, Lucy Abraham from Pfizer, Inc, New York.

This work was supported by Pfizer.
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Study reveals potential to reverse lung fibrosis using the body's own healing technique | ScienceDaily
he most common type of lung fibrosis -- scarring of the lungs -- is idiopathic, meaning of unknown cause.


						
Researchers are urgently trying to find ways to prevent or slow idiopathic pulmonary fibrosis (IPF) and related lung conditions, which can cause worsening shortness of breath, dry cough, and extreme fatigue. Average survival following diagnosis of IPF is just three to five years, and the disease has no cure.

A recent U-M study from a team led by Sean Fortier, M.D. and Marc Peters-Golden, M.D. of the Division of Pulmonary and Critical Care Medicine at U-M Medical School uncovers a pathway used during normal wound healing that has the potential to reverse IPF.

Using a mouse model, they simulated IPF by administering bleomycin, a chemotherapy agent that causes cell injury and confirmed that the resulting lung scarring resolved itself over the span of about six weeks.

Because of this, "studying fibrosis is kind of tough," said Fortier. "If we're going to give experimental drugs to try and resolve fibrosis, we have to do it before it resolves on its own.

Otherwise, we will not be able to tell if the resolution was the action of the drug or natural repair mechanisms of the body."

However, he said, "there's actually a lot to learn about how the mouse gets better on its own. If we can learn the molecular mechanisms by which this occurs, we may uncover new targets for IPF."

The process by which lung injury either leads to healing or fibrosis relies in part on what happens to a cell called a fibroblast, which forms connective tissue.




During injury or illness, fibroblasts are activated, becoming myofibroblasts that form scar tissue by secreting collagen. When the job is done, these fibroblasts must be deactivated, or de-differentiated, to go back to their quiet state or undergo programmed cell death and be cleared.

"This is the major distinction between normal wound healing and fibrosis -- the persistence of activated myofibroblasts," explained Fortier. That deactivation is controlled by molecular brakes. The study examined one of these brakes, called MKP1 -- which the team found was expressed at lower levels in fibroblasts from patients with IPF.

By genetically eliminating MKP1 in fibroblasts of mice after establishing lung injury, the team saw that fibrosis continued uncontrolled.

"Instead of at day 63, seeing that nice resolution, you still see fibrosis," said Fortier.

"We argued by contradiction: when you knock out this brake, fibrosis that would otherwise naturally disappear, persists and therefore MKP1 is necessary for spontaneous resolution of fibrosis."

They performed several additional studies using CRISPR techniques to demonstrate how MKP1 applies the brakes, mainly by deactivating the enzyme p38a, which is implicated in a cell's reaction to stress.




Furthermore, they demonstrated that neither of the two current FDA approved drugs for lung fibrosis, pirfenidone and nintedanib, are able to turn off myofibroblasts.

"That's totally in keeping with the fact that they do slow the progression, but they don't halt or reverse disease," said Fortier.

Fortier hopes the discovery that this pathway reverses fibrosis leads to exploration of additional brakes on fibrosis.

"So much work on fibrosis has focused on how we can prevent it, but when a patient presents to my clinic with a dry cough, shortness of breath, and low oxygen as a result of underlying IPF, the scarring is already present. Of course, we'd love a way to prevent the scarring from getting worse, but the Holy Grail is to reverse it."
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Inherited predisposition for higher muscle strength may protect against common morbidities | ScienceDaily
A study conducted at the Faculty of Sport and Health Sciences at the University of Jyvaskyla showed that a genetic predisposition for higher muscle strength predicts a longer lifespan and a lower risk for developing common diseases. This is the most comprehensive international study to date on hereditary muscle strength and its relationship to morbidity. The genome and health data of more than 340,000 Finns was used in the research.


						
Muscle strength, especially hand grip strength, can indicate an individual's physiological resources to protect against age-related diseases and disabilities, as well as their ability to cope with them. Age-related loss of muscle strength is individual and influenced not only by lifestyle but also by genetics.

The study revealed that individuals with a genetic predisposition for higher muscle strength have a slightly lower risk for common noncommunicable diseases and premature mortality. However, it did not predict better survival after acute adverse health events compared to the time before illness onset.

"It seems that a genetic predisposition for higher muscle strength reflects more on an individual's intrinsic ability to resist and protect oneself against pathological changes that occur during aging than the ability to recover or completely bounce back after severe adversity," says doctoral researcher Paivi Herranen from the Faculty of Sport and Health Sciences.

The research utilized a unique study population

Muscle strength is a multifactorial trait influenced by lifestyle and environmental factors but also by numerous genetic variants, each with a very small effect on muscle strength. In this study, the genetic predisposition for muscle strength was defined by constructing a polygenic score for muscle strength, which summarizes the effects of hundreds of thousands of genetic variants into a single score. The polygenic score makes it possible to compare participants with an exceptionally high or low genetic predisposition for muscle strength, and to investigate associations with inherited muscle strength and other phenotypes, in this case, common diseases.

"In this study, we were able to utilize both genetic information and health outcomes from over 340,000 Finnish men and women," Herranen explains.




"To our knowledge, this is the first study to investigate the association between a genetic predisposition for muscle strength and various diseases on this scale."

Further research on the effects of lifestyles is still needed

Information about the genetic predisposition for muscle strength could be used alongside traditional risk assessment in identifying individuals who are at particularly high risk of common diseases and health adversities. However, further research on the topic is still needed.

"Based on these results, we cannot say how lifestyle factors, such as physical activity, modify an individual's intrinsic ability to resist diseases and whether their impact on health differs among individuals due to genetics," Herranen notes.

The study utilized the internationally unique FinnGen dataset, compiled through the collaboration of Finnish biobanks. The dataset consisted of 342,443 Finns who had given their consent and provided a biobank sample. The participants were aged 40 to 108 years, and 53% of them were women. The diagnoses selected for the study were based on the leading causes of death and the most significant noncommunicable diseases in Finland. Selected diagnoses included the most common cardiometabolic and pulmonary diseases, musculoskeletal and connective tissue diseases, falls and fractures, mental health and cognitive disorders, cancers, as well as overall mortality and mortality from cardiovascular diseases.

The study is the second publication of Paivi Herranen's doctoral thesis, which investigates how genetics and environmental factors affect biological aging, particularly the weakening of muscle strength and functional capacity with age. The research is part of the GenActive project, funded by the Research Council of Finland and the Juho Vainio and Paivikki and Sakari Sohlberg foundations. The project is led by Assistant Professor and Academy Research Fellow Elina Sillanpaa. The research was conducted in collaboration with the Gerontology Research Center (GEREC), the Institute for Molecular Medicine Finland (FIMM), and the FinnGen research project.
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A novel machine learning model for the characterization of material surfaces | ScienceDaily
Machine learning (ML) enables the accurate and efficient computation of fundamental electronic properties of binary and ternary oxide surfaces, as shown by scientists. Their ML-based model could be extended to other compounds and properties. The present research findings can aid in the screening of surface properties of materials as well as in the development of functional materials.


						
The design and development of novel materials with superior properties demands a comprehensive analysis of their atomic and electronic structures. Electron energy parameters such as ionization potential (IP), the energy needed to remove an electron from the valence band maximum, and electron affinity (EA), the amount of energy released upon the attachment of an electron to the conduction band minimum, reveal important information about the electronic band structure of surfaces of semiconductors, insulators, and dielectrics. The accurate estimation of IPs and EAs in such nonmetallic materials can indicate their applicability for use as functional surfaces and interfaces in photosensitive equipment and optoelectronic devices.

Additionally, IPs and EAs depend significantly on the surface structures, which adds another dimension to the complex procedure of their quantification. Traditional computation of IPs and EAs involves the use of accurate first-principles calculations, where the bulk and surface systems are separately quantified. This time-consuming process prevents quantifying IPs and EAs for many surfaces, which necessitates the use of computationally efficient approaches.

To address the wide-ranging issues affecting the quantification of IPs and EAs of nonmetallic solids, a team of scientists from Tokyo Institute of Technology (Tokyo Tech), led by Professor Fumiyasu Oba, have turned their focus towards machine learning (ML). Their research findings have been published in theJournal of the American Chemical Society.

Prof. Oba shares the motivation behind the present research, "In recent years, ML has gained a lot of attention in materials science research. The ability to virtually screen materials based on ML technology is a very efficient way to explore novel materials with superior properties. Also, the ability to train large datasets using accurate theoretical calculations allows for the successful prediction of important surface characteristics and their functional implications."

The researchers employed an artificial neural network to develop a regression model, incorporating the smooth overlap of atom positions (SOAPs) as numerical input data. Their model accurately and efficiently predicted the IPs and EAs of binary oxide surfaces by using the information on bulk crystal structures and surface termination planes.

Moreover, the ML-based prediction model could 'transfer learning,' a scenario where a model developed for a particular purpose can be made to incorporate newer datasets and reapplied for additional tasks. The scientists included the effects of multiple cations in their model by developing 'learnable' SOAPs and predicted the IPs and EAs of ternary oxides using transfer learning.

Prof. Oba concludes by saying, "Our model is not restricted to the prediction of surface properties of oxides but can be extended to study other compounds and their properties."
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Scientists uncover a missing link between poor diet and higher cancer risk | ScienceDaily
A research team from the National University of Singapore (NUS) has unearthed new findings which may help explain the connection between cancer risk and poor diet, as well as common diseases like diabetes, which arise from poor diet. The insights gained from this study hold promise for advancing cancer prevention strategies aimed at promoting healthy ageing.


						
Led by Professor Ashok Venkitaraman, this ground-breaking study was conducted by scientists from the Cancer Science Institute of Singapore (CSI Singapore) at NUS and NUS Centre for Cancer Research (N2CR) under the Yong Loo Lin School of Medicine, with colleagues from the Agency for Science, Technology and Research (A*STAR).

Prof Venkitaraman, Director of CSI Singapore, explained, "Cancer is caused by the interaction between our genes and factors in our environment, such as diet, exercise, and pollution. How such environmental factors increase cancer risk is not yet very clear, but it is vital to understand the connection if we are to take preventive measures that help us stay healthy longer."

A chemical linked to diabetes, obesity, and poor diet can heighten cancer risk

The research team first studied patients who are at a high risk of developing breast or ovarian cancers because they inherit a faulty copy of the cancer gene -- BRCA2 -- from their parents. They demonstrated that cells from such patients were particularly sensitive to the effects of methylglyoxal, which is a chemical produced when our cells break down glucose to create energy. The study showed that this chemical can cause faults in our DNA that are early warning signs of cancer development.

The team's research also suggested that people who do not inherit a faulty copy of BRCA2 but could experience higher-than-normal levels of methylglyoxal -- such as patients with diabetes or pre-diabetes, which are connected with obesity or poor diet -- can accumulate similar warning signs indicating a higher risk of developing cancer.

Prof Venkitaraman elaborated, "Our research suggests that patients with high methylglyoxal levels may have higher cancer risk. Methylglyoxal can be easily detected by a blood test for HbA1C, which could potentially be used as a marker. Furthermore, high methylglyoxal levels can usually be controlled with medicines and a good diet, creating avenues for proactive measures against the initiation of cancer."

The study's first author, Dr Li Ren Kong, Lee Kuan Yew Fellow from N2CR, added, "We started the study aiming to understand what factors elevate risk in families susceptible to cancer, but ended up discovering a deeper mechanism linking an essential energy consumption pathway to cancer development. These findings raise awareness of the impact of diet and weight control in the management of cancer risks."




Novel mechanism for tumour formation

Interestingly, the research team's work also revised a longstanding theory about certain cancer-preventing genes. This theory -- called the Knudson's 'two-hit' paradigm -- was first formulated in 1971, and it was proposed that these genes must be inactivated permanently in our cells before cancer can arise. The NUS team has now found that methylglyoxal can temporarily inactivate such cancer-preventing genes, suggesting that repeated episodes of poor diet or uncontrolled diabetes can 'add up' over time to increase cancer risk. This new knowledge is likely to be influential in changing the direction of future research in this area.

Next phase of research

Building on their novel discoveries, the researchers aim to conduct further studies to understand if metabolic disorders, such as diabetes or poor diets, affect cancer risk in Singapore and other Asian countries.

The research team also hopes to identify new mechanisms underlying the connection between metabolism, diet and cancer that they have discovered, to develop more effective approaches to prevent or delay the onset of cancer.
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Decoding the language of cells: Unveiling the proteins behind cellular organelle communication | ScienceDaily
In cellular biology, unraveling the complexities of cellular function at the molecular level remains a paramount endeavor. Significant scientific focus has been placed on understanding the interactions at organelle contact sites, especially between mitochondria and the endoplasmic reticulum (ER). These sites are critical hubs for the exchange of essential biomolecules, such as lipids and calcium, which are vital for maintaining cellular homeostasis. Disruptions in this inter-organelle communication are implicated in the onset of various diseases, including neurodegenerative disorders, emphasizing the need to elucidate the mechanisms governing organelle interactions. However, the study of these dynamic complexes presents significant challenges due to the lack of available tools, complicating the quest to understand ER-mitochondria contact sites.


						
Emerging from this need, a novel strategy called "OrthoID" has been developed through the collaborative efforts of scientists from POSTECH, Daegu Catholic University School of Medicine, and Seoul National University. Featured in Nature Communications, OrthoID addresses this challenge by refining our ability to identify proteins that act as mediators in these critical conversations.

Traditional methods relied heavily on the streptavidin-biotin (SA-BT) binding pair system, derived from nature, for tagging and isolating these mediator proteins. However, this approach has its limitations, particularly in capturing the full spectrum of protein interactions between two different organelles. OrthoID overcomes these limitations by introducing an additional synthetic binding pair, cucurbit[7]uril-adamantane (CB[7]-Ad), to work alongside SA-BT. The combination of mutually orthogonal binding pair systems allowed a more precise identification and analysis of the mediator proteins that freely translocate between the ER and mitochondria, facilitating a deeper exploration of the proteins involved in the organelle contact sites and uncovering their roles in cellular functions and disease mechanisms.

Through meticulous experiments, the researchers have demonstrated the efficacy of OrthoID in rapidly and accurately labeling proteins involved in the dynamic processes of organelle communication. By leveraging proximity labeling techniques (APEX2 and TurboID) with orthogonal binding pair systems, the method effectively labeled and isolated proteins facilitating the critical interactions between mitochondria and ER. This approach not only identifies known proteins involved in ER-mitochondria contacts but also uncovers new protein candidates, including LRC59, whose roles at the contact site were previously unknown. Moreover, they also successfully pinpointed the multiple protein sets undergoing structural and locational changes at the ER-mitochondria junction during critical cellular process such as mitophagy, where damaged mitochondria are targeted for degradation.

"The flexibility and modularity of OrthoID are among its greates strengths." states Prof. Kimoon Kim who led the research from POSTECH. This adaptability not only allows for the study of various organelle contact sites but also opens new avenues for exploring complex cellular communications, overcoming the technical limitations of existing methods."

Prof. Kyeng Min Park from Daegu Catholic University School of Medicine adds, "OrthoID stands as a versatile and useful research tool, aimed to decode the complex language of cellular communication. It is expected to facilitate discoveries that will have profound implications for understanding cellular health, elucidating disease mechanisms, and fostering the development of new therapeutic strategies."

The collaborative team included Prof. Kimoon Kim and Dr. Ara Lee from the Department of Chemistry, Dr. Gihyun Sung from the Division of Advanced Materials Science at Pohang University of Science and Technology (POSTECH), Prof. Kyeng Min Park from Daegu Catholic University School of Medicine, Professor Hyun-Woo Rhee from the Department of Chemistry and Professor Jong-Seo Kim from the School of Biological Sciences at Seoul National University.

This work was supported by the National Research Foundation of Korea (NRF) and Institute for Basic Science (IBS).
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PFAS exposure from high seafood diets may be underestimated | ScienceDaily
A Dartmouth-led study suggests that people who frequently consume seafood may face an increased risk of exposure to PFAS, the family of ubiquitous and resilient human-made toxins known as "forever chemicals."


						
The findings stress the need for more stringent public health guidelines that establish the amount of seafood people can safely consume to limit their exposure to perfluoroalkyl and polyfluoroalkyl substances, the researchers report in the journal Exposure and Health. This need is especially urgent for coastal regions such as New England where a legacy of industry and PFAS pollution bumps up against a cultural predilection for fish, the authors write.

"Our recommendation isn't to not eat seafood -- seafood is a great source of lean protein and omega fatty acids. But it also is a potentially underestimated source of PFAS exposure in humans," said Megan Romano, the study's corresponding author and an associate professor of epidemiology at Dartmouth's Geisel School of Medicine.

"Understanding this risk-benefit trade-off for seafood consumption is important for people making decisions about diet, especially for vulnerable populations such as pregnant people and children," Romano said.

The study paired an analysis of PFAS concentrations in fresh seafood with a statewide survey of eating habits in New Hampshire. National data indicate that New Hampshire -- along with all of New England -- is among the country's top consumers of seafood, which made the state ideal for understanding the extent of people's exposure to PFAS through fish and shellfish.

"Most existing research focuses on PFAS levels in freshwater species, which are not what people primarily eat," said Romano, who studies the effects of PFAS and other endocrine-disrupting chemicals in drinking water on New England communities. "We saw that as a knowledge gap in the literature, especially for a New England state where we know people love their seafood."

The study also drew on New Hampshire's extensive data on the sources and effects of PFAS, which are a staple of consumer products such as plastics and nonstick coatings. The molecular stability that makes PFAS versatile also makes them nearly indestructible, leading them to be called forever chemicals.




In humans, PFAS are associated with cancer, fetal abnormalities, high cholesterol, and thyroid, liver, and reproductive disorders. The chemicals have accumulated in soil, water, and wildlife, and studies have shown that nearly all Americans have measurable amounts in their blood.

"PFAS are not limited to manufacturing, fire-fighting foams, or municipal waste streams -- they are a decades-long global challenge," said study co-author Jonathan Petali, a toxicologist with the New Hampshire Department of Environmental Services. "New Hampshire was among the first states to identify PFAS in drinking water. We're a data-rich state due to years spent investigating the impacts of PFAS and trying to mitigate exposure."

The researchers measured the levels of 26 varieties of PFAS in samples of the most consumed marine species: cod, haddock, lobster, salmon, scallop, shrimp, and tuna. The seafood studied was purchased fresh from a market in coastal New Hampshire and originated from various regions.

Shrimp and lobster clocked the highest concentrations with averages ranging as high as 1.74 and 3.30 nanograms per gram of flesh, respectively, for certain PFAS compounds, the researchers report. Concentrations of individual PFAS in other fish and seafood measured generally less than one nanogram per gram.

The prevalence of PFAS in the environment makes it difficult to know exactly where and how the chemicals enter the marine food chain, the researchers report. Some shellfish may be especially vulnerable to the buildup of PFAS in their flesh due to feeding and living on the seafloor, as well as their proximity to sources of PFAS that are near the coast. Larger marine species may ingest PFAS by eating smaller species that, like shellfish, are prone to having the compounds accumulate in their systems.

Buttressing the study is a survey of 1,829 New Hampshire residents the researchers conducted to gauge how much seafood Granite Staters eat -- and it's a lot.




The survey found that men in New Hampshire eat just over one ounce of seafood per day and women eat just under one ounce. Both are higher than what the National Health and Nutrition Examination Survey found for men and women in the Northeast, and more than 1.5 times the national average for both. Daily intake for New Hampshire children aged 2 to 11 years old was about 0.2 ounces, the highest end of the range for children nationwide.

About 95% of adults the researchers surveyed reported they ate seafood within the past year, and 94% of that group consumed fish or shellfish within the previous month. More than two-thirds of those respondents ate seafood within the past week.

But people in New Hampshire do not eat seafood uniformly. More than half of the people who ate seafood in the week before the survey lived on the state's coast or near the border with Massachusetts. More than 60% of people with a household income below $45,000 per year reported consuming seafood at least once per week, whereas people with higher household incomes reported eating seafood less often.

Of the species the researchers tested for PFAS, shrimp, haddock, and salmon were consumed by more than 70% of the adults who ate seafood once a month or more. Lobster was eaten by just over 54% of these adults. Salmon, canned tuna, shrimp, and haddock were the most commonly consumed species among children.

Federal guidelines for safe seafood consumption exist for mercury and other contaminants, but there are none for PFAS, said Celia Chen, a co-author of the study and a research professor in the Department of Biological Sciences at Dartmouth.

"Top predator species such as tuna and sharks are known to contain high concentrations of mercury, so we can use that knowledge to limit exposure. But it's less clear for PFAS, especially if you start looking at how the different compounds behave in the environment," said Chen, who leads several federally funded projects examining how and where PFAS accumulate in aquatic food webs in New Hampshire and Vermont.

The establishment of safety guidelines would help protect people who are especially susceptible to pollutants, said Kathryn Crawford, the study's first author and an assistant professor of environmental studies at Middlebury College.

"Seafood consumption advisories often provide advice for those individuals that is more conservative than for the rest of the population," said Crawford, who began the project as a postdoctoral researcher in the Romano Lab at Dartmouth. "People who eat a balanced diet with more typical, moderate amounts of seafood should be able to enjoy the health benefits of seafood without excessive risk of PFAS exposure."
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Choosing sugary drinks over fruit juice for toddlers linked to risk of adult obesity | ScienceDaily
Consuming sugar-sweetened drinks in the first few years of childhood can be linked to poor diet patterns that increase the risk of obesity in later life, according to a new study by the School of Psychology at Swansea University.


						
Published in the European Journal of Clinical Nutrition, the study tracked the influence of diet on 14,000 British children from birth to adulthood and is believed to be the longest of its kind ever reported.

Using the Avon Longitudinal Study of Parents and Children, the research team found:
    	Children who drank fizzy drinks such as cola or sugar-sweetened fruit cordials before the age of two gained more weight when they were 24 years old. Girls who had pure fruit juice gained less weight, while the weight of boys remained the same.
    	At three years of age, toddlers who drank cola consumed more calories, fat, protein, and sugar but less fibre. In contrast, those given pure apple juice consumed less fat and sugar but higher amounts of fibre.

The study also highlighted corresponding differences in food choices. Children who consumed pure apple juice often followed a diet with more fish, fruit, green vegetables, and salad, whereas those drinking cola ate more burgers, sausages, pizza, french fries, meat, chocolate, and sweets.

Additionally, the team discovered a link between sugar-sweetened drinks and social deprivation, with children from affluent backgrounds more likely to have access to pure fruit juice.

Lead researcher Professor David Benton said: "The early diet establishes a food pattern that influences, throughout life, whether weight increases. The important challenge is to ensure that a child develops a good dietary habit: one that offers less fat and sugar, although pure fruit juice, one of your five a day, adds vitamin C, potassium, folate, and plant polyphenols."

Dr Hayley Young added: "Obesity is a serious health concern, one that increases the risk of many other conditions. Our study shows thatthe dietary causes of adult obesity begin in early childhood and that if we are to control it, more attention needs to be given to our diet in the first years of life."
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Molecular causes of different functions of opioid receptors | ScienceDaily
Drugs that target opioid receptors sometimes have severe side effects. Thousands of people around the world die every day from overdoses involving opioids such as fentanyl. An international team of researchers has taken a closer look at the molecular mechanisms of these active substances. The research, carried out by Dr Matthias Elgeti, a biophysicist at Leipzig University, in collaboration with research groups from the US and China, has now been published in the journal Nature.


						
Opioid receptors are of great pharmacological interest because opioid substances regulate the perception of pain. "Our findings provide insights into how an opioid receptor can perform different functions. It is able to reduce pain, but also to regulate digestion or breathing," explains Dr Elgeti, co-first author of the study from the Institute for Drug Discovery at the Faculty of Medicine.

In the current study, the biophysicist collaborated with international scientists, including the research group of Nobel laureate Brian Kobilka from Stanford University. They discovered that superagonists, such as fentanyl, stabilise a state of the receptor that causes particularly effective and long-lasting signal transmission. This means that superagonists are particularly potent and therefore dangerous. In the current study, the researchers used electron spin resonance and single-molecule fluorescence spectroscopy to determine different states of the opioid receptor and the structural effects of different binding partners.

Opioid receptors are members of the large family of G protein-coupled receptors (GPCRs), which control many signalling processes in the body, such as taste and smell, while others bind neurotransmitters and hormones or are activated by light. Understanding the molecular interactions of these receptors with drugs and other signalling proteins is very important for drug development. As all GPCRs are structurally very similar, the researchers hope that their findings on the opioid receptor can be applied to other receptors.

"This study involved isolating the opioid receptors. They are normally found in the body's cells, interacting with many other proteins and molecules. Further research into the molecular interactions is therefore needed to gain a full understanding of the regulatory mechanisms," says Dr Elgeti. The new study is an important building block in basic research, with further studies needed to ultimately develop better and safer medicines.
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Melanomas resist drugs by 'breaking' genes | ScienceDaily
Melanoma is the deadliest form of skin cancer. With global incidence rates rising, new, more effective treatments are necessary to alleviate the health burden of the disease. Important advances in recent years include doctors using genetic tests to look for specific mutations they can target for more personalised, effective treatment.


						
Around 1 in 2 melanoma patients will have mutations in the BRAF gene. This gene normally makes a protein which helps control cell growth, but mutations can cause the cells to grow and divide uncontrollably instead, happening in many different types of cancer including melanoma.

The discovery of BRAF mutations has led to development of targeted therapies to inhibit its function. One of the standard treatment options for melanoma over the last ten years has been to simultaneously target both BRAF mutations and MEK. These two genes are part of the MAPK signalling pathway, which, in cancer, is rewired for uncontrolled growth. Targeting two different critical points in the same domino chain helps slow or stop cancer growth.

Despite great initial responses to the combined use of the first-generation inhibitors, around 50% of melanoma patients with BRAF mutations will relapse within one year. The cancer acquires resistance to the drugs, finding other ways to reactive the MAPK pathway through mechanisms which remain poorly understood.

"Melanoma drug resistance is a huge clinical problem because it occurs in almost all BRAF-mutated patients under BRAF/MEK inhibitor therapy and there are few or no therapeutic alternatives. There is an urgent need to understand the many different underlying mechanisms and find new strategies to deal with this constantly evolving arms race," says Dr. Francisco Aya Moreno, a medically-trained oncologist and recent PhD graduate at the Centre for Genomic Regulation (CRG) in Barcelona.

A study published today in the journal Cell Reports has disentangled the mechanisms behind one of the ways cancer cells develop resistance to targeted therapy. The study found that, in response to treatment, melanomas can 'break' parts of their BRAF gene, also known as genomic deletions. This helps the tumour create alternative versions of the protein (altBRAFs) which lack regions targeted by BRAF inhibitors, reactivating the MAPK pathway and making the drugs less effective. The finding was consistent across various lab models and patient tumour samples.

The findings are important because altBRAFs were thought to be made through alternative splicing, which is when cells use the same gene to synthesise different proteins. The discovery that genomic deletions, and not splicing, are the cause means a shift away from previous proposals for using drugs that target splicing as a therapeutic strategy.




"For years, we've known that some patients produce altBRAFs and these help the cancer resist treatment, but we misunderstood the mechanism behind their creation. Knowing that genomic deletions are the cause opens new avenues for developing therapies that could more effectively help patients with BRAF mutations," explains ICREA Research Professor Juan Valcarcel, co-author of the study and researcher at the Centre for Genomic Regulation.

Surprisingly, the researchers found evidence of the same genomic deletions in melanomas which hadn't been treated yet. In other words, melanomas can naturally develop mechanisms that mimic drug resistance, even without exposure to drugs. Identifying and targeting these early resistance mechanisms through profound genetic testing in a clinical setting before treatment begins could improve the efficacy of first-line therapies.

Even more surprisingly, further analyses revealed that genomic deletions might be a more widespread mechanism of oncogenesis and resistance than previously thought. Though uncommon, researchers found evidence of altBRAFs in melanomas with a normal-functioning BRAF gene, as well as in other types of cancer including non-small cell lung cancer, breast cancer, kidney cancer and prostate cancer. The findings could increase the patient population benefiting from targeted treatments which are currently under clinical development.

"There is an emerging class of drugs known as second generation RAF inibitors. Unlike BRAF inhibitors, these drugs have a broad spectrum, and so could potentially inhibit the function of altBRAFs. Clinical trials which are assessing their effectiveness should also expand to include melanoma patients with a normal functioning BRAF gene as well, and possibly to other cancer types which express altBRAFs," explains Dr. Aya Moreno.

Dr. Aya Moreno is part of the second cohort of the PhD4MD programme, a joint effort by Centre for Genomic Regulation (CRG), the Institute for Research in Biomedicine (IRB Barcelona), the August Pi i Sunyer Biomedical Research Institute (IDIBAPS) and the Vall d'Hebron Research Institute (VHIR) designed to leverage the medical insight of a doctor to drive research that benefits patients.

"Having the opportunity to approach this research with both a clinician's perspective and a scientist's curiosity has been invaluable. It allowed us to uncover not just how melanomas resist treatment but also how this knowledge could lead to more effective therapies for patients. This fusion of clinical insight and scientific investigation is crucial for making real progress in our fight against cancer," concludes Dr. Aya Moreno.

The study was led by Dr. Aya Moreno and co-supervised by Professor Juan Valcarcel at the Centre for Genomic Regulation and Dr. Ana Arance at IDIBAPS. It was also carried out in collaboration with Nuria Lopez Bigas' research group at IRB Barcelona. Since completing his PhD at the CRG, Dr. Aya Moreno has returned to the Medical Oncology department in the Hospital Clinic in Barcelona.
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      Top stories featured on ScienceDaily's Space & Time, Matter & Energy, and Computers & Math sections.


      
        'Tube map' around planets and moons made possible by knot theory
        Scientists have developed a new method using knot theory to find the optimal routes for future space missions without the need to waste fuel.

      

      
        Spintronics: A new path to room temperature swirling spin textures
        In some materials, spins form complex magnetic structures within the nanometer and micrometer scale in which the magnetization direction twists and curls along specific directions. Examples of such structures are magnetic bubbles, skyrmions, and magnetic vortices. Spintronics aims to make use of such tiny magnetic structures to store data or perform logic operations with very low power consumption, compared to today's dominant microelectronic components. However, the generation and stabilization ...

      

      
        A better view with new mid-infrared nanoscopy
        A team has constructed an improved mid-infrared microscope, enabling them to see the structures inside living bacteria at the nanometer scale. Mid-infrared microscopy is typically limited by its low resolution, especially when compared to other microscopy techniques. This latest development produced images at 120 nanometers, which the researchers say is a thirtyfold improvement on the resolution of typical mid-infrared microscopes. Being able to view samples more clearly at this smaller scale can...

      

      
        AI speeds up drug design for Parkinson's by ten-fold
        Researchers have used artificial intelligence techniques to massively accelerate the search for Parkinson's disease treatments. The researchers designed and used an AI-based strategy to identify compounds that block the clumping, or aggregation, of alpha-synuclein, the protein that characterises Parkinson's.

      

      
        E-tongue can detect white wine spoilage before humans can
        While the electronic tongue bears little physical resemblance to its namesake, the strand-like sensory probes of the 'e-tongue' still outperformed human senses when detecting contaminated wine in a recent study. In a recent experiment, the e-tongue identified signs of microorganisms in white wine within a week after contamination -- four weeks before a human panel noticed the change in aroma. This was also before those microbes could be grown from the wine in a petri-dish. Winemakers traditionall...

      

      
        Novel robotic training program reduces physician errors placing central lines
        More than five million central lines are placed in patients who need prolonged drug delivery, such as those undergoing cancer treatments, in the United States every year, yet the common procedure can lead to a bevy of complications in almost a million of those cases. Researchers developed a robotic simulation training program to provide trainee physicians with more practice on the procedure. A year after deploying the program the team found that all complication types -- mechanical issues, infect...

      

      
        Two-dimensional nanomaterial sets record for expert-defying, counter-intuitive expansion
        Engineers have developed a record-setting nanomaterial which when stretched in one direction, expands perpendicular to the applied force.

      

      
        'Nanostitches' enable lighter and tougher composite materials
        In an approach they call 'nanostitching,' engineers used carbon nanotubes to prevent cracking in multilayered composites. The advance could lead to next-generation airplanes and spacecraft.

      

      
        Trash to treasure -- researchers turn metal waste into catalyst for hydrogen
        Scientists have found a way to transform metal waste into a highly efficient catalyst to make hydrogen from water, a discovery that could make hydrogen production more sustainable.

      

      
        New tagging method provides bioadhesive interface for marine sensors on diverse, soft, and fragile species
        Tagging marine animals with sensors to track their movements and ocean conditions can provide important environmental and behavioral information. Existing techniques to attach sensors currently largely rely on invasive physical anchors, suction cups, and rigid glues. While these techniques can be effective for tracking marine animals with hard exoskeletons and large animals such as sharks, individuals can incur physiological and metabolic stress during the tagging process, which can affect the qu...

      

      
        Cooler transformers could help electric grid
        Simulations on the Stampede2 supercomputer of the Texas Advanced Computing Center (TACC) are helping scientists engineer solutions to overheating of grid transformers -- a critical component of the electric grid.

      

      
        No gamma rays seen coming from nearby supernova
        A nearby supernova in 2023 offered astrophysicists an excellent opportunity to test ideas about how these types of explosions boost particles, called cosmic rays, to near light-speed. But surprisingly, NASA's Fermi Gamma-ray Space Telescope detected none of the high-energy gamma-ray light those particles should produce.

      

      
        Neutrons rule the roost for cage-free lithium ions
        Scientists using neutrons set the first benchmark (one nanosecond) for a polymer-electrolyte and lithium-salt mixture. Findings could boost power and safety for lithium batteries.

      

      
        Researchers advance pigment chemistry with moon-inspired reddish magentas
        A researcher who made color history in 2009 with a vivid blue pigment has developed durable, reddish magentas inspired by lunar mineralogy and ancient Egyptian chemistry.

      

      
        Most massive stellar black hole in our galaxy found
        Astronomers have identified the most massive stellar black hole yet discovered in the Milky Way galaxy. This black hole was spotted in data from the European Space Agency's Gaia mission because it imposes an odd 'wobbling' motion on the companion star orbiting it. Astronomers have verified the mass of the black hole, putting it at an impressive 33 times that of the Sun.

      

      
        Physicists explain--and eliminate--unknown force dragging against water droplets on superhydrophobic surfaces
        Researchers adapt a novel force measurement technique to uncover the previously unidentified physics at play at the thin air-film gap between water droplets and superhydrophobic surfaces.

      

      
        A single atom layer of gold: Researchers create goldene
        For the first time, scientists have managed to create sheets of gold only a single atom layer thick. The material has been termed goldene. According to researchers, this has given the gold new properties that can make it suitable for use in applications such as carbon dioxide conversion, hydrogen production, and production of value-added chemicals.

      

      
        Quantum electronics: Charge travels like light in bilayer graphene
        An international research team has demonstrated experimentally that electrons in naturally occurring double-layer graphene move like particles without any mass, in the same way that light travels. Furthermore, they have shown that the current can be 'switched' on and off, which has potential for developing tiny, energy-efficient transistors -- like the light switch in your house but at a nanoscale.

      

      
        Creating an island paradise in a fusion reactor
        In their ongoing quest to develop a range of methods for managing plasma so it can be used to generate electricity in a process known as fusion, researchers have shown how two old methods can be combined to provide greater flexibility.

      

      
        Researchers can help shipowners achieve ambitious climate targets
        International shipping does not want to be a climate bad guy and is aiming to be emission-free by 2050. A new tool can help shipowners who are searching for green solutions.

      

      
        Crucial connection for 'quantum internet' made for the first time
        Researchers have produced, stored, and retrieved quantum information for the first time, a critical step in quantum networking.

      

      
        AI enhances physician-patient communication
        A study shows that AI enhances physician-patient communication.

      

      
        How Pluto got its heart
        The mystery of how Pluto got a giant heart-shaped feature on its surface has finally been solved by an international team of astrophysicists. The team is the first to successfully reproduce the unusual shape with numerical simulations, attributing it to a giant and slow oblique-angle impact.

      

      
        Millions of gamers advance biomedical research
        4.5 million gamers around the world have advanced medical science by helping to reconstruct microbial evolutionary histories using a minigame included inside the critically and commercially successful video game, Borderlands 3. Their playing has led to a significantly refined estimate of the relationships of microbes in the human gut. The results of this collaboration will both substantially advance our knowledge of the microbiome and improve on the AI programs that will be used to carry out this...

      

      
        GeoAI technologies for sustainable urban development
        From heatwaves to pandemic diseases, the urban environments of the world face numerous challenges. Researchers are harnessing artificial intelligence (AI) and informatics to address emerging concerns related to environmental changes and urban growth.

      

      
        Switch to green wastewater infrastructure could reduce emissions and provide huge savings according to new research
        Researchers have shown that a transition to green wastewater-treatment approaches in the U.S. that leverages the potential of carbon-financing could save a staggering $15.6 billion and just under 30 million tons of CO2-equivalent emissions over 40 years.

      

      
        Quantum precision: A new kind of resistor
        Researchers have developed a method that can improve the performance of quantum resistance standards. It's based on a quantum phenomenon called Quantum Anomalous Hall effect.

      

      
        AI can write you a poem and edit your video. Now, it can help you be funnier
        Researchers have developed an AI application using cartoons from The New Yorker to help people be funnier.

      

      
        Pyrite, also known as fool's gold, may contain valuable lithium, a key element for green energy
        The technology revolution and development of new renewable energy resources is driving demand for lithium to new heights, but it is not a common mineral. Scientists say they have found lithium in an unexpected place; fool's gold, or pyrite, deposits.

      

      
        Physicists solve puzzle about ancient galaxy found by Webb telescope
        Physicists solve a puzzle linked to JWST-ER1g, a massive ancient galaxy that formed when the universe was just a quarter of its current age.

      

      
        Brightest gamma-ray burst of all time came from the collapse of a massive star
        In 2022, astronomers discovered the brightest gamma-ray burst (GRB) of all time. Now, astronomers confirm that a 'normal' supernova, the telltale sign of a stellar collapse, accompanied the GRB. The team also looked for signatures of heavy elements like gold and platinum in the supernova. They found no evidence of such elements, deepening the mystery of their origins.

      

      
        Stellar winds of three sun-like stars detected for the first time
        An international research team has for the first time directly detected stellar winds from three Sun-like stars by recording the X-ray emission from their astrospheres, and placed constraints on the mass loss rate of the stars via their stellar winds.

      

      
        Innovative antiviral defense with new CRISPR tool
        The rise of RNA viruses like SARS-CoV-2 highlights the need for new ways to fight them. RNA-targeting tools like CRISPR/Cas13 are powerful but inefficient in the cytoplasm of cells, where many RNA viruses replicate. Scientists have devised a solution: Cas13d-NCS. This new molecular tool allows CRISPR RNA molecules that are located within the nucleus of a cell to move to the cytoplasm, making it highly effective at neutralizing RNA viruses. This advancement opens doors for precision medicine and p...

      

      
        Exoplanets true to size
        A star's magnetic field must be considered in order to correctly determine the characteristics of exoplanets from observations by space telescopes such as Kepler, James Webb, or PLATO. Researchers show that the distribution of the star's brightness over its disk depends on the star's level of magnetic activity. This, in turn, affects the signature of an exoplanet in observational data. The new model must be used in order to properly interpret the data from the latest generation of space telescope...

      

      
        New computer vision tool wins prize for social impact
        A team of computer scientists working on two different problems -- how to quickly detect damaged buildings in crisis zones and how to accurately estimate the size of bird flocks -- recently announced an AI framework that can do both. The framework, called DISCount, blends the speed and massive data-crunching power of artificial intelligence with the reliability of human analysis to quickly deliver reliable estimates that can quickly pinpoint and count specific features from very large collections...

      

      
        Artificial intelligence can help people feel heard
        New research reveals AI-generated responses can make humans 'feel heard' but an underlying bias toward AI devalues its effectiveness.

      

      
        Scientists use wearable technology to detect stress levels during sleep
        What if changes in a person's stress levels could be detected while they sleep using wearable devices? A new study find changes in perceived stress levels reflected in sleep data -- an important step towards identifying biomarkers that may help flag individuals in need of support.

      

      
        Beautiful nebula, violent history: Clash of stars solves stellar mystery
        When astronomers looked at a stellar pair at the heart of a stunning cloud of gas and dust, they were in for a surprise. Star pairs are typically very similar, like twins, but in HD 148937, one star appears younger and, unlike the other, is magnetic. New data suggest there were originally three stars in the system, until two of them clashed and merged. This violent event created the surrounding cloud and forever altered the system's fate.
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'Tube map' around planets and moons made possible by knot theory | ScienceDaily
Just as sat-nav did away with the need to argue over the best route home, scientists from the University of Surrey have developed a new method to find the optimal routes for future space missions without the need to waste fuel.


						
The new method uses mathematics to reveal all possible routes from one orbit to another without guesswork or using enormous computer power.

Danny Owen, who developed the technique at the Surrey Space Centre, said:

"Previously, when the likes of NASA wanted to plot a route, their calculations relied on either brute force or guesswork.

"Our new technique neatly reveals all possible routes a spacecraft could take from A to B, as long as both orbits share a common energy level.

"This makes the task of planning missions much simpler. We think of it as a tube map for space."

In recent decades, space missions have increasingly relied on the ability to change the course of a satellite's path through space without using fuel.




One way of doing this is to find 'heteroclinic connections' -- the paths that allow spacecraft to transfer from one orbit to another without using fuel.

The mathematics for finding these paths is complex -- usually calculated by using vast computing power to churn through one option after another or by making an 'intelligent guess' and then investigating it further.

This new technique uses an area of maths called knot theory to quickly generate rough trajectories -- which can then be refined. By doing so, space agencies can gain a full list of all possible routes from a designated orbit. They can then choose the one that best suits their mission -- much as you might choose a route by studying the tube map.

The technique was tested successfully on various planetary systems -- including the Moon, and the Galilean moons of Jupiter. Both of these are the focus of current and future missions.

Dr Nicola Baresi, Lecturer in Orbital Mechanics at the University of Surrey, said:

"Spurred on by NASA's Artemis programme, the new Moon race is inspiring mission designers around the world to research fuel-efficient routes that can better and more efficiently explore the vicinity of the Moon.

"Not only does our technique make that cumbersome task more straightforward, but it can also be applied to other planetary systems, such as the icy moons of Saturn and Jupiter."
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Spintronics: A new path to room temperature swirling spin textures | ScienceDaily
In some materials, spins form complex magnetic structures within the nanometre and micrometre scale in which the magnetization direction twists and curls along specific directions. Examples of such structures are magnetic bubbles, skyrmions, and magnetic vortices. Spintronics aims to make use of such tiny magnetic structures to store data or perform logic operations with very low power consumption, compared to today's dominant microelectronic components. However, the generation and stabilization of most of these magnetic textures is restricted to a few materials and achievable under very specific conditions (temperature, magnetic field...).


						
A new approach

An international collaboration led by HZB physicist Dr Sergio Valencia has now investigated a new approach that can be used to create and stabilize complex spin textures, such as radial vortices, in a variety of compounds. In a radial vortex, the magnetization points towards or away from the center of the structure. This type of magnetic configuration is usually highly unstable. Within this novel approach radial vortices are created with the help of superconducting structures while their stabilization is achieved by the presence of surface defects.

Superconducting YBCO-islands

Samples consist of micrometer size islands made of the high-temperature superconductor YBCO on which a ferromagnetic compound is deposited. On cooling the sample below 92 Kelvin (-181 degC), YBCO enters the superconducting state. In this state, an external magnetic field is applied and immediately removed. This process allows the penetration and pinning of magnetic flux quanta, which in turn creates a magnetic stray field. It is this stray field which produces new magnetic microstructures in the overlying ferromagnetic layer: spins emanate radially from the structure centre, as in a radial vortex.

The role of defects

As the temperature is increased, YBCO transits from the superconducting to a normal state. So the stray field created by YBCO islands disappears, and so should the magnetic radial vortex. However HZB researchers and collaborators have observed that the presence of surface defects prevents this to happen: the radial vortices partially retain the imprinted state, even when approaching room temperature.




"We use the magnetic field generated by the superconducting structures to imprint certain magnetic domains on the ferromagnets placed on them, and the surface defects to stabilize them. The magnetic structures are akin to that of a skyrmion and are interesting for spintronic applications," explains Valencia.

Geometry matters

Smaller imprinted vortices were about 2 micrometres in diameter, about ten times the size of typical skyrmions. The team studied samples with circular and square geometries and found that circular geometries increased the stability of imprinted magnetic radial vortices.

"This is a novel way to create and stabilize such structures and it can be applied in a variety of ferromagnetic materials. These are good new prospects for the further development of superconducting spintronics," says Valencia.
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A better view with new mid-infrared nanoscopy | ScienceDaily
A team at the University of Tokyo have constructed an improved mid-infrared microscope, enabling them to see the structures inside living bacteria at the nanometer scale. Mid-infrared microscopy is typically limited by its low resolution, especially when compared to other microscopy techniques. This latest development produced images at 120 nanometers, which the researchers say is a thirtyfold improvement on the resolution of typical mid-infrared microscopes. Being able to view samples more clearly at this smaller scale can aid multiple fields of research, including into infectious diseases, and opens the way for developing even more accurate mid-infrared-based imaging in the future.


						
The microscopic realm is where viruses, proteins and molecules dwell. Thanks to modern microscopes, we can venture down to see the inner workings of our very own cells. But even these impressive tools have limitations. For example, super-resolution fluorescent microscopes require specimens to be labeled with fluorescence. This can sometimes be toxic to samples and extended light exposure while viewing can bleach samples, meaning they are no longer useful. Electron microscopes can also provide very impressive details, but samples must be placed in a vacuum, so live samples cannot be studied.

By comparison, mid-infrared microscopy can provide both chemical and structural information about live cells, without needing to color or damage them. However, its use has been limited in biological research because of its comparatively low resolution capability. While super-resolution fluorescent microscopy can narrow down images to tens of nanometers (1 nanometer being one-millionth of a millimeter), mid-infrared microscopy can typically only achieve around 3 microns (1 micron being one-thousandth of a millimeter).

However, in a new breakthrough, researchers at the University of Tokyo have attained a higher resolution of mid-infrared microscopy than ever before. "We achieved a spatial resolution of 120 nanometers, that is, 0.12 microns. This amazing resolution is roughly 30 times better than that of conventional mid-infrared microscopy," explained Professor Takuro Ideguchi from the Institute for Photon Science and Technology at the University of Tokyo.

The team used a "synthetic aperture," a technique combining several images taken from different illuminated angles to create a clearer overall picture. Typically, a sample is sandwiched between two lenses. The lenses, however, inadvertently absorb some of the mid-infrared light. They solved this issue by placing a sample, bacteria (E. coli and Rhodococcus jostii RHA1 were used), on a silicon plate which reflected visible light and transmitted infrared light. This allowed the researchers to use a single lens, enabling them to better illuminate the sample with the mid-infrared light and get a more detailed image.

"We were surprised at how clearly we could observe the intracellular structures of bacteria. The high spatial resolution of our microscope could allow us to study, for example, antimicrobial resistance, which is a worldwide issue," said Ideguchi. "We believe we can continue to improve the technique in various directions. If we use a better lens and a shorter wavelength of visible light, the spatial resolution could even be below 100 nanometers. With superior clarity, we would like to study various cell samples to tackle fundamental and applied biomedical problems."
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AI speeds up drug design for Parkinson's by ten-fold | ScienceDaily
Researchers have used artificial intelligence techniques to massively accelerate the search for Parkinson's disease treatments.


						
The researchers, from the University of Cambridge, designed and used an AI-based strategy to identify compounds that block the clumping, or aggregation, of alpha-synuclein, the protein that characterises Parkinson's.

The team used machine learning techniques to quickly screen a chemical library containing millions of entries, and identified five highly potent compounds for further investigation.

Parkinson's affects more than six million people worldwide, with that number projected to triple by 2040. No disease-modifying treatments for the condition are currently available. The process of screening large chemical libraries for drug candidates -- which needs to happen well before potential treatments can be tested on patients -- is enormously time-consuming and expensive, and often unsuccessful.

Using machine learning, the researchers were able to speed up the initial screening process by ten-fold, and reduce the cost by a thousand-fold, which could mean that potential treatments for Parkinson's reach patients much faster. The results are reported in the journal Nature Chemical Biology.

Parkinson's is the fastest-growing neurological condition worldwide. In the UK, one in 37 people alive today will be diagnosed with Parkinson's in their lifetime. In addition to motor symptoms, Parkinson's can also affect the gastrointestinal system, nervous system, sleeping patterns, mood and cognition, and can contribute to a reduced quality of life and significant disability.

Proteins are responsible for important cell processes, but when people have Parkinson's, these proteins go rogue and cause the death of nerve cells. When proteins misfold, they can form abnormal clusters called Lewy bodies, which build up within brain cells stopping them from functioning properly.




"One route to search for potential treatments for Parkinson's requires the identification of small molecules that can inhibit the aggregation of alpha-synuclein, which is a protein closely associated with the disease," said Professor Michele Vendruscolo from the Yusuf Hamied Department of Chemistry, who led the research. "But this is an extremely time-consuming process -- just identifying a lead candidate for further testing can take months or even years."

While there are currently clinical trials for Parkinson's currently underway, no disease-modifying drug has been approved, reflecting the inability to directly target the molecular species that cause the disease.

This has been a major obstacle in Parkinson's research, because of the lack of methods to identify the correct molecular targets and engage with them. This technological gap has severely hampered the development of effective treatments.

The Cambridge team developed a machine learning method in which chemical libraries containing millions of compounds are screened to identify small molecules that bind to the amyloid aggregates and block their proliferation.

A small number of top-ranking compounds were then tested experimentally to select the most potent inhibitors of aggregation. The information gained from these experimental assays was fed back into the machine learning model in an iterative manner, so that after few iterations, highly potent compounds were identified.

"Instead of screening experimentally, we screen computationally," said Vendruscolo, who is co-Director of the Centre for Misfolding Diseases. "By using the knowledge we gained from the initial screening with our machine learning model, we were able to train the model to identify the specific regions on these small molecules responsible for binding, then we can re-screen and find more potent molecules."

Using this method, the Cambridge team developed compounds to target pockets on the surfaces of the aggregates, which are responsible for the exponential proliferation of the aggregates themselves. These compounds are hundreds of times more potent, and far cheaper to develop, than previously reported ones.

"Machine learning is having a real impact on the drug discovery process -- it's speeding up the whole process of identifying the most promising candidates," said Vendruscolo. "For us this means we can start work on multiple drug discovery programmes -- instead of just one. So much is possible due to the massive reduction in both time and cost -- it's an exciting time."

The research was conducted in the Chemistry of Health Laboratory in Cambridge, which was established with the support of the UK Research Partnership Investment Fund (UKRPIF) to promote the translation of academic research into clinical programmes.
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E-tongue can detect white wine spoilage before humans can | ScienceDaily
While the electronic tongue bears little physical resemblance to its namesake, the strand-like sensory probes of the "e-tongue" still outperformed human senses when detecting contaminated wine in a recent study.


						
In an experiment at Washington State University, the e-tongue identified signs of microorganisms in white wine within a week after contamination -- four weeks before a human panel noticed the change in aroma. This was also before those microbes could be grown from the wine in a petri-dish. Winemakers traditionally rely on these two methods, sniffing the wine and petri-dish testing, to identify potential wine "faults" or spoilage.

The findings, detailed in the Journal of Food Science, indicate that e-tongue testing could augment those methods and allow winemakers to catch and mitigate problems sooner, said Carolyn Ross, WSU food science professor and the study's corresponding author.

"If you ran a sample using the electronic tongue, we could learn after one week if there's contamination or a wine fault problem, versus waiting up to four weeks running just sensory testing," said Ross, who is also the director of WSU's Sensory Science Center. "It's really helpful with understanding wine quality."

When immersed in a liquid, the e-tongue's sensors can "taste" it by analyzing for the presence of certain compounds. At WSU, Ross' team developed and programmed the instrument for various purposes including taking a type of "fingerprint" of wine, collecting a variety of information that may be of interest to winemakers.

"It gives good information about the holistic quality of the wines," Ross said, though she noted that this type of analysis is best used to complement, not replace, other methods of judging wine quality.

In this study, the researchers purposely added four microbes to different bottles of Reisling. These microbes are known to contaminate white wine, causing spoilage and unpleasant odors, including nail polish remover, geranium and "mousy" odors. They trained a group of 13 volunteers to recognize a range of wine attributes by their aromas, both positive and negative, including these odors.

The trained panel then assessed the aroma of uncontaminated wine as a control and samples of the contaminated wine that had been stored for seven days to 42 days. The e-tongue was set to the same task and identified the contamination of all types after the first seven days of storage. The human sensory panel only started to detect contamination in some of the samples after 35 days of storage, a full 28 days after the e-tongue.

Ross and her colleagues have also tested out the e-tongue with red wine in an earlier study, and the team is continuing to develop the instrument housed at the WSU Sensory Science Center, building up a library to help inform its "tasting" abilities. Ross is currently looking for winery clients interested in the e-tongue capabilities to help assess the quality of their products.

This study received support from the Washington Wine and Grape Research fund and the U.S. Department of Agriculture. Additional co-authors on the study include first author Rachel Potter and Claire Warren of WSU and Jungmin Lee of the U.S.D.A. Agricultural Research Service.
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Novel robotic training program reduces physician errors placing central lines | ScienceDaily
More than five million central lines are placed in patients who need prolonged drug delivery, such as those undergoing cancer treatments, in the United States every year, yet the common procedure can lead to a bevy of complications in almost a million of those cases. To help decrease the rate of infections, blood clots and other complications associated with placing a central line catheter, Penn State researchers developed an online curriculum coupled with a hands-on simulation training to provide trainee physicians with more practice.


						
Deployed in 2022 at the Penn State College of Medicine, the researchers recently assessed how the training impacted the prevalence of central line complications by comparing error rates from 2022-23, when the training had been fully implemented, to two prior years, 2016-17 and 2017-18, from before implementing the training. They found that all complication types -- mechanical issues, infections and blood clots -- were significantly lower after the training was launched.

They published their results in the Journal of Surgical Education. The researchers hold patents on the technology used in this work. In addition to working to improve the central line placement training, the team is also applying the framework to other common procedures with high complication rates, such as colonoscopies and laparoscopic surgeries.

"Our approach is focused on reducing preventable errors -- this paper is the first significant clinical evidence that we are moving the needle on the gap in clinical education and clinical practice," said Scarlett Miller, professor of industrial engineering and of mechanical engineering at Penn State and principal investigator on the project. "If we ensure physicians going through residency training are proficient in a skill, like placing central lines, we can minimize the risk on human life."

Traditional training for placing a central line and other routine surgical procedures starts with a resident watching a more senior doctor complete the process. Then, the resident is expected to do the procedure themselves, and, finally, they teach someone else to do the procedure.

"The problem with that approach is that there are very few checks in the process, and the resident only improves by working with patients -- who are at risk of complications," Miller said. "The simulation approach allows someone to try the procedure hundreds, thousands of times without putting anyone at risk."

The new approach -- the result of interdisciplinary work between engineers and clinicians, Miller said -- uses online- and simulation-based training to perform standardized ultrasound-guided internal jugular central venous catheterization (US-IJCVC), which is a central line placed into the internal jugular vein via the neck.




Residents first complete online training, which includes pre- and post-tests to evaluate knowledge gained. They then take that knowledge and apply in a skills lab, where they practice placing the central line on a novel dynamic haptic robotic trainer that can simulate various conditions and reactions. Residents can use ultrasound to image the line placement, like they would on a real person, on the robotic trainer, which offers automated feedback.

"We started with 25 surgical residents at the Penn State Health Milton S. Hershey Medical Center, then expanded to all of the residents at Hershey and partnered with Cedars-Sinai Medical Center in Los Angeles to bring the training to their residents," Miller said. "In total, we have trained about 700 physicians to date, and we train about 200 a year with our current funding."

It seems practice may get physicians closer to perfect, without the risk to human life, according to Miller. In this study, Miller and her team compared error rates from 2022, the first year the simulation training was fully deployed, to error rates from 2016 and 2017, when the training was not yet established. They did not use data from 2018-21, as the training was partially implemented but undergoing startup adjustments and challenges related to COVID that could not be controlled for a direct comparison. The researchers found that the range of reported error rates for mechanical complications -- such as puncturing an artery or misplacing the catheter -- increased from 10.4% in 2016 to 12.4% in 2017 but dropped to 7.3% in 2022. The same trend continued for error rates related to infections, with the 6.6% rate in 2016 increasing to 7.6% in 2017 and dropping to 4.1% in 2022. For blood clots, the error rates decreased from 12.3% in 2016 to 11.4% in 2017 to 8.1% in 2022.

"We're very motivated by the results to improve the system and hopefully expand it to other hospitals," Miller said. "We're reducing the error rates in a significant way, but we want more. We want zero errors."

Miller is also affiliated with the School of Engineering Design in the Penn State College of Engineering, the College of Information Sciences and Technology and the Department of Surgery in the Penn State College of Medicine. Paper co-authors include Jessica M. Gonzalez-Vargas, postdoctoral scholar in industrial engineering at Penn State; Elizabeth Sinz, associate medical director of the West Virginia University Critical Care and Trauma Institute; and Jason Moore, professor of mechanical engineering at Penn State.

The U.S. National Science Foundation and the National Institutes of Health's National Heart, Lung, and Blood Institute supported this work.
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Two-dimensional nanomaterial sets record for expert-defying, counter-intuitive expansion | ScienceDaily
It is a common hack to stretch a balloon out to make it easier to inflate. When the balloon stretches, the width crosswise shrinks to the size of a string. Noah Stocek, a PhD student collaborating with Western University physicist Giovanni Fanchini, has developed a new nanomaterial that demonstrates the opposite of this phenomenon.


						
Working at Interface Science Western, home of the Tandetron Accelerator Facility, Stocek and Fanchini formulated two-dimensional nanosheets of tungsten semi-carbide (or W2C, a chemical compound containing equal parts of tungsten and carbon atoms) which when stretched in one direction, expand perpendicular to the applied force. This structural design is known as auxetics.

The trick is that the structure of the nanosheet itself isn't flat. The atoms in the sheet are made of repeating units consisting of two tungsten atoms to every carbon atom, which are arranged metaphorically like the dimpled surface of an egg carton. As tension is applied across the elastic nanosheet in one direction, it expands out in the other dimension as the dimples flatten.

Prior to this innovation, there has been only one reported material that could expand by 10 per cent per unit length in this counter-intuitive way. The Western-engineered tungsten semi-carbide nanosheet can expand to 40 percent, a new world record.

"We were specifically looking to create a two-dimensional nanomaterial from tungsten semi-carbide," said Stocek. "In 2018, theorists predicted that it might exhibit this behaviour to an excellent level, but nobody had been able to develop it, despite extensive attempts by research groups all over the world."

It wasn't possible to construct the new tungsten semi-carbide nanomaterial using chemical means, so Stocek and Fanchini relied on plasma physics to form the single atom layers. Made of charged particles of atoms, plasma is the fourth state of matter (with solid, liquid and gas). Plasma can be observed in the natural world in the northern lights, or Aurora Borealis, and the Sun's corona during the recent solar eclipse. It is also used in neon lighting, fluorescent tubes and flat-screen TVs.

Typically, the instrumentation used to make two-dimensional nanomaterials are special furnaces where gases are heated at a high enough temperature to chemically react and form the desired substance. This approach simply did not work because any chemical reaction, the most common process, would lead to a product different from the desired nanomaterial.




"That's where most researchers who tried to get this material before us got stuck, so we had to pivot," said Fanchini.

Instead of heating a gas made of tungsten and carbon atoms in furnaces, which would produce neutral particles as you would get for solids, liquids or gases, Stocek and Fanchini designed a new customized instrumentation that produces a plasma, which is made up of electrically charged particles.

Stretch goals

There are countless possible applications for these W2C nanosheets, beginning with a new type of strain gauge. These commercially available gauges are a standard way to measure expansion and stretch in everything from airplane wings to household plumbing.

"Imagine if you want to know if a pipe in your house is deforming and risks bursting at some point. You can stick a sensor on the pipe made from this two-dimensional nanomaterial, and then use a computer to monitor the current passing through it. If the current rises, it means the pipe is expanding and risks bursting," said Stocek.

The new nanomaterial, in fact, becomes more electrically conductive and that opens the door for endless possibilities to use in things like sensors, or any device that detects events or changes in the environment and sends the information to other electronics. Another application is embedding the material right in stretchable electronics, like wearable technology, so that they have more conductivity.

"Normally, strain gauges would rely on the fact that when you stretch a material, it gets thinner and you change the conductivity of a material to carry a current," said Fanchini. "With this new nanomaterial, this would no longer be the case."
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'Nanostitches' enable lighter and tougher composite materials | ScienceDaily
To save on fuel and reduce aircraft emissions, engineers are looking to build lighter, stronger airplanes out of advanced composites. These engineered materials are made from high-performance fibers that are embedded in polymer sheets. The sheets can be stacked and pressed into one multilayered material and made into extremely lightweight and durable structures.


						
But composite materials have one main vulnerability: the space between layers, which is typically filled with polymer "glue" to bond the layers together. In the event of an impact or strike, cracks can easily spread between layers and weaken the material, even though there may be no visible damage to the layers themselves. Over time, as these hidden cracks spread between layers, the composite could suddenly crumble without warning.

Now, MIT engineers have shown they can prevent cracks from spreading between composite's layers, using an approach they developed called "nanostitching," in which they deposit chemically grown microscopic forests of carbon nanotubes between composite layers. The tiny, densely packed fibers grip and hold the layers together, like ultrastrong Velcro, preventing the layers from peeling or shearing apart.

In experiments with an advanced composite known as thin-ply carbon fiber laminate, the team demonstrated that layers bonded with nanostitching improved the material's resistance to cracks by up to 60 percent, compared with composites with conventional polymers. The researchers say the results help to address the main vulnerability in advanced composites.

"Just like phyllo dough flakes apart, composite layers can peel apart because this interlaminar region is the Achilles' heel of composites," says Brian Wardle, professor of aeronautics and astronautics at MIT. "We're showing that nanostitching makes this normally weak region so strong and tough that a crack will not grow there. So, we could expect the next generation of aircraft to have composites held together with this nano-Velcro, to make aircraft safer and have greater longevity."

Wardle and his colleagues have published their results today in the journal ACS Applied Materials and Interfaces. The study's first author is former MIT visiting graduate student and postdoc Carolina Furtado, along with Reed Kopp, Xinchen Ni, Carlos Sarrado, Estelle Kalfon-Cohen, and Pedro Camanho.

Forest growth

At MIT, Wardle is director of the necstlab (pronounced "next lab"), where he and his group first developed the concept for nanostitching. The approach involves "growing" a forest of vertically aligned carbon nanotubes -- hollow fibers of carbon, each so small that tens of billions of the nanotubes can stand in an area smaller than a fingernail. To grow the nanotubes, the team used a process of chemical vapor deposition to react various catalysts in an oven, causing carbon to settle onto a surface as tiny, hair-like supports. The supports are eventually removed, leaving behind a densely packed forest of microscopic, vertical rolls of carbon.




The lab has previously shown that the nanotube forests can be grown and adhered to layers of composite material, and that this fiber-reinforced compound improves the material's overall strength. The researchers had also seen some signs that the fibers can improve a composite's resistance to cracks between layers.

In their new study, the engineers took a more in-depth look at the between-layer region in composites to test and quantify how nanostitching would improve the region's resistance to cracks. In particular, the study focused on an advanced composite material known as thin-ply carbon fiber laminates.

"This is an emerging composite technology, where each layer, or ply, is about 50 microns thin, compared to standard composite plies that are 150 microns, which is about the diameter of a human hair. There's evidence to suggest they are better than standard-thickness composites. And we wanted to see whether there might be synergy between our nanostitching and this thin-ply technology, since it could lead to more resilient aircraft, high-value aerospace structures, and space and military vehicles," Wardle says.

Velcro grip

The study's experiments were led by Carolina Furtado, who joined the effort as part of the MIT-Portugal program in 2016, continued the project as a postdoc, and is now a professor at the University of Porto in Portugal, where her research focuses on modeling cracks and damage in advanced composites.

In her tests, Furtado used the group's techniques of chemical vapor deposition to grow densely packed forests of vertically aligned carbon nanotubes. She also fabricated samples of thin-ply carbon fiber laminates. The resulting advanced composite was about 3 millimeters thick and comprised 60 layers, each made from stiff, horizontal fibers embedded in a polymer sheet.




She transferred and adhered the nanotube forest in between the two middle layers of the composite, then cooked the material in an autoclave to cure. To test crack resistance, the researchers placed a crack on the edge of the composite, right at the start of the region between the two middle layers.

"In fracture testing, we always start with a crack because we want to test whether and how and how far the crack will spread," Furtado explains.

The researchers then placed samples of the nanotube-reinforced composite in an experimental setup to test their resilience to "delamination," or the potential for layers to separate.

"There's lots of ways you can get precursors to delamination, such as from impacts, like tool drop, bird strike, runway kickup in aircraft, and there could be almost no visible damage, but internally it has a delamination," Wardle says. "Just like a human, if you've got a hairline fracture in a bone, it's not good. Just because you can't see it doesn't mean it's not impacting you. And damage in composites is hard to inspect."

To examine nanostitching's potential to prevent delamination, the team placed their samples in a setup to test three delamination modes, in which a crack could spread through the between-layer region and peel the layers apart or cause them to slide against each other, or do a combination of both. All three of these modes are the most common ways in which conventional composites can internally flake and crumble.

The tests, in which the researchers precisely measured the force required to peel or shear the composite's layers, revealed that the nanostitched held fast, and the initial crack that the researchers made was unable to spread further between the layers. The nanostitched samples were up to 62 percent tougher and more resistant to cracks, compared with the same advanced composite material that was held together with conventional polymers.

"This is a new composite technology, turbocharged by our nanotubes," Wardle says.

The researchers envision that any vehicle or structure that incorporates conventional composites could be made lighter, tougher, and more resilient with nanostitching.

"You could have selective reinforcement of problematic areas, to reinforce holes or bolted joints, or places where delamination might happen," Furtado says. "This opens a big window of opportunity."
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Trash to treasure -- researchers turn metal waste into catalyst for hydrogen | ScienceDaily
Scientists have found a way to transform metal waste into a highly efficient catalyst to make hydrogen from water, a discovery that could make hydrogen production more sustainable.


						
A team of researchers from the University of Nottingham's School of Chemistry and Faculty of Engineering have found that the surface of swarf, a byproduct of the metal machining industry, is textured with tiny steps and grooves on a nanoscale level. These textures can anchor atoms of platinum or cobalt, leading to an efficient electrocatalyst that can split water into hydrogen and oxygen. The research has been published in the Journal of Material Chemistry A of the Royal Society of Chemistry.

Hydrogen is a clean fuel that can be used to generate heat or power vehicles, and the only byproduct of its combustion is water vapor. However, most hydrogen production methods rely on fossil fuel feedstock. Electrolysis of water is one of the most promising green pathways for hydrogen production, as it only requires water and electricity.

The industry is facing a challenge with water electrolysis, as this process requires rare and expensive elements like platinum to catalyse the water splitting. With the limited global supply and increasing prices of precious metals, there is an urgent need for alternative electrocatalyst materials to produce hydrogen from water.

Dr Jesum Alves Fernandes, School of Chemistry, University of Nottingham, who led the research team, said: "Industries in the UK alone generate millions of tons of metal waste annually. By using a scanning electron microscope, we were able to inspect the seemingly smooth surfaces of the stainless steel, titanium, or nickel alloy swarf. To our astonishment, we discovered that the surfaces had grooves and ridges that were only tens of nanometres wide. We realized that this nanotextured surface could present a unique opportunity for the fabrication of electrocatalysts."

The researchers used magnetron sputtering to create a platinum atom "rain" on the swarf's surface. These platinum atoms then come together into nanoparticles that fit snugly into the nanoscale grooves.

Dr Madasamy Thangamuthu, a Postdoctoral Researcher at the University of Nottingham who was responsible for the analysis of the structure and electrocatalytic activity of the new materials, says: "It is remarkable that we are able to produce hydrogen from water using only a tenth of the amount of platinum loading compared to state-of-the-art commercial catalysts. By spreading just 28 micrograms of the precious metal over 1 cm2 of the swarf, we were able to create a laboratory-scale electrolyser that operates with 100% efficiency and produces 0.5 litres of hydrogen gas per minute just from a single piece of swarf."

The group is partnering with AqSorption Ltd, a Nottingham-based company specialising in electrolyser design and fabrication to scale up their technology. Professor Andrei Khlobystov, School of Chemistry, University of Nottingham, said: "The electrocatalysts made from swarf have the potential to greatly impact the economy. Our unique technology developed at Nottingham, which involves atom-by-atom growth of platinum particles on nanotextured surfaces, has solved two major challenges. Firstly, it enables the production of green hydrogen using the least amount of precious metal possible, and secondly, it upcycles metal waste from the aerospace industry, all in a single process."

The Zero Carbon Cluster has been set in the East Midlands to accelerate the development and deployment of innovation in green industries and advanced manufacturing.

Professor Tom Rodden, PVC for Research & Knowledge Exchange at the University of Nottingham says: "Developing hydrogen propulsion systems can be a significant step towards addressing some of the world's most pressing zero-carbon challenges, especially for the transport and manufacturing industries. However, this strategy's success depends on producing green hydrogen sustainably, such as through water splitting via electrolysis, and this, in turn, requires advancements in materials design."
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New tagging method provides bioadhesive interface for marine sensors on diverse, soft, and fragile species | ScienceDaily
Tagging marine animals with sensors to track and study their movements can provide researchers with important environmental and behavioral information, including energy usage, habitat changes, and migration patterns. But existing techniques to attach sensors currently largely rely on invasive physical anchors, suction cups, and rigid glues. While these techniques can be effective for marine animals with hard exoskeletons and large animals such as sharks, the traditional tag attachment methods are not ideal for more fragile species, such as squid and jellyfish.


						
Now, a newly developed soft hydrogel-based Bioadhesive Interface for Marine Sensors, referred to as BIMS, holds promise as an effective, rapid, versatile, and non-invasive method to tag and track all sorts of marine species, including soft and fragile species that have long been difficult to access, according to a new journal article by scientists with the Woods Hole Oceanographic Institution (WHOI), Massachusetts Institute of Technology (MIT), and partner organizations. The BIMS tagging can help researchers better understand animal behavior while also capturing oceanographic data critical for helping to better understand some impacts of climate change, and for resource management.

According to the article, "Bioadhesive Interface for Marine Sensors on Diverse Soft Fragile Species," published in Nature Communications, this technology will increase the monitoring of oceanographic conditions, species habitat use, and the overall behavior of animals that are important ecologically and are key protein source for people worldwide. The way that this technique can scale up for various applications -- such as applying sensors to previously unmonitored animals to track their condition and movements- "is the vision of this paper," said journal article co-lead-author Seth Cones, a Ph.D. candidate in the MIT/WHOI Joint Program in Oceanography/Applied Ocean Science & Engineering.

The BIMS effectiveness derives from it containing a thin layer of a dried-hydrogel adhesive specifically engineered to form strong physical and chemical bonds with animal tissues and rapidly absorb the seawater from the surface of a marine species. The sensors then can adhere, as a soft yet strong hydrogel that conforms to the organism's body shape, in less than 20 seconds. Other methods of tagging can take up to 8.5 minutes which can stress an animal, disturb natural behaviors, and affect data quality.

The researchers tested the BIMS applicability to species with distinct tissues, including squid, skate, flounder, and lobster. In these ethically-approved tests -- mostly conducted at a large saltwater pool at WHOI's Environmental Systems Laboratory, in addition to field testing in the Azores Islands, Portugal -- BIMS was found to stay affixed to fragile aquatic animals for up to three days, which allows for long-term animal behavior monitoring.

The researchers tested a number of factors , including the interfacial toughness of the adhesive , adhesion stability, and its shear and tensile strength. They also assessed potential animal behavior disruption and found that the animals made a rapid return to baseline individual and group level behaviors.

"The BIMS allows us to sensor the animals and the oceans, so we can better predict the impact of climate change and other concerns affecting marine environments," said journal article co-author, Aran Mooney, an associate scientist in biology at WHOI.

Camilo Duque London, a graduate student in MIT's Department of Mechanical Engineering, added that another BIMS benefit is providing medicine to sick or injured animals, potentially including endangered species. The use of multiple sensors on one animal could also measure body kinematics and provide insights for designing bio-inspired marine robots. Future visions can integrate more sophisticated acoustic or optical sensors. He also emphasized the importance of the research collaboration between engineering and the marine sciences. "This paper presents a new approach and a new tool, crafted through interdisciplinary collaboration, that could be used by marine biologists who study fragile species."

Funding for this research was provided by the National Institutes of Health, the National Science Foundation, Naval Sea Systems Command, and the Bureau of Ocean Energy Management.
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Cooler transformers could help electric grid | ScienceDaily
Most people do not give the U.S. electric grid a second thought -- we flip a switch and the lights come on. Behind the scenes are thousands of power plants and utilities linked by millions of miles of transmission lines. And to make raw electricity useful, grid transformers convert high voltage to lower voltage that millions of households can plug into.


						
Transformers are aging and approaching an average of being 30 to 40 years old. Plus, they face more stress than ever before brought on by factors such as renewable energy and by extreme weather events such as hurricanes, heat waves, and winter storms. Case in point -- the 2021 event in Texas that left millions powerless.

That is when University of Texas at Austin (UT Austin) researchers decided to look inside grid transformers to see if they could make them better. Grid transformers are filled with copper windings, other metallic components, and cellulose-based electrical insulation like kraft paper. The cellulose insulation is a great electrical insulator essential in the process of 'stepping down' voltage, but it also traps heat, which can lead to overheating.

"We've researched a new class of nanomaterials where we take conventional cellulose-based paper and dope it with high thermal conductivity nanometer and micrometer-sized particles," said Vaibhav Bahadur, an associate professor in the Cockrell School of Engineering, UT Austin. Bahadur is the corresponding author of a study that modeled the impact of high thermal conductivity paper on the performance and life of grid transformers published March 2024 in Cell Press journal Heliyon. This is the first study that predicts the extent to which tuning the thermal conductivity of paper can enhance transformer life.

Simulations on the Stampede2 supercomputer of the Texas Advanced Computing Center (TACC) helped Bahadur and his collaborators engineer solutions to overheat of grid transformers -- a critical component of the electric grid.

Collaborators at the University of Maryland and the USDA Forest Products Laboratory fabricated the high thermal conductivity paper using nanoparticles of boron nitride. Bahadur's lab built a 3D model of the transformer to mimic an actual grid transformer taken apart and studied by study co-author Robert Hebner, also in the Cockrell School of Engineering.

"The experimental part of the study was critical in testing whether to invest in improving the transformer installation," Hebner said. "We had a transformer donated to The Center for Electromechanics, which was powered by UT Austin's one megawatt micro grid. We could connect it and run the temperatures up and down, and we could measure how the transformer behaved. The model and the measurements meshed very well," Hebner said.




"Our results indicate that if the thermal conductivity is increased by a few times using the engineered paper, the hotspot temperature inside a transformer can be reduced by between 5 to 10 degC," he added. "In most conditions that should be enough to double or triple the life of the transformer."

The Bahadur Research Group was awarded allocations on TACC's Stampede2 supercomputer, a National Science Foundation-funded computational workhorse for UT Austin researchers and thousands of other researchers in the U.S. open science community.

"This model was simulated using TACC resources to predict the thermal performance," Bahadur said. "We modeled the thermal conductivity as a varying parameter, and we figured out the extent of improvement needed in thermal conductivity to see a meaningful temperature reduction."

The main computational challenge was the shear immensity of modeling the details inside an actual transformer.

"To accurately estimate temperatures, we used a fine-sized mesh based on finite element methods and modeled the conduction through the diffusion heat transfer equation -- the computational costs are high in doing so," Bahadur said. "The main reason we used Stampede2 was to get simulations done in a matter of minutes/hours and not wait for days to get our results."

Next, the researchers will test a small-scale transformer prototype and add the thermal conducting paper to study how it behaves in an operating environment with fluctuating loads.

This research has the possibility to find applications in the real world, where new transformers could be made with improved nano and micro particle enhanced thermal insulating paper. Old transformers could be retrofitted with the new paper during routine refurbishment.

"We started not as a transformer project, but as a semiconductor project. This research aims to take a lot of the electronic devices that we have and make them operate better by operating cooler and more efficiently," Hebner added.
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No gamma rays seen coming from nearby supernova | ScienceDaily
A nearby supernova in 2023 offered astrophysicists an excellent opportunity to test ideas about how these types of explosions boost particles, called cosmic rays, to near light-speed. But surprisingly, NASA's Fermi Gamma-ray Space Telescope detected none of the high-energy gamma-ray light those particles should produce.


						
On May 18, 2023, a supernova erupted in the nearby Pinwheel galaxy (Messier 101), located about 22 million light-years away in the constellation Ursa Major. The event, named SN 2023ixf, is the most luminous nearby supernova discovered since Fermi launched in 2008.

"Astrophysicists previously estimated that supernovae convert about 10% of their total energy into cosmic ray acceleration," said Guillem Marti-Devesa, a researcher at the University of Trieste in Italy. "But we have never observed this process directly. With the new observations of SN 2023ixf, our calculations result in an energy conversion as low as 1% within a few days after the explosion. This doesn't rule out supernovae as cosmic ray factories, but it does mean we have more to learn about their production."

The paper, led by Marti-Devesa while at the University of Innsbruck in Austria, will appear in a future edition of Astronomy and Astrophysics.

Trillions of trillions of cosmic rays collide with Earth's atmosphere every day. Roughly 90% of them are hydrogen nuclei -- or protons -- and the remainder are electrons or the nuclei of heavier elements.

Scientists have been investigating cosmic ray origins since the early 1900s, but the particles can't be traced back to their sources. Because they're electrically charged, cosmic rays change course as they travel to Earth thanks to magnetic fields they encounter.

"Gamma rays, however, travel directly to us," said Elizabeth Hays, the Fermi project scientist at NASA's Goddard Space Flight Center in Greenbelt, Maryland. "Cosmic rays produce gamma rays when they interact with matter in their environment. Fermi is the most sensitive gamma-ray telescope in orbit, so when it doesn't detect an expected signal, scientists must explain the absence. Solving that mystery will build a more accurate picture of cosmic ray origins."

Astrophysicists have long suspected supernovae of being top cosmic ray contributors.




These explosions occur when a star at least eight times the Sun's mass runs out of fuel. The core collapses and then rebounds, propelling a shock wave outward through the star. The shock wave accelerates particles, creating cosmic rays. When cosmic rays collide with other matter and light surrounding the star, they generate gamma rays.

Supernovae greatly impact a galaxy's interstellar environment. Their blast waves and expanding cloud of debris may persist for more than 50,000 years. In 2013, Fermi measurements showed that supernova remnants in our own Milky Way galaxy were accelerating cosmic rays, which generated gamma-ray light when they struck interstellar matter. But astronomers say the remnants aren't producing enough high-energy particles to match scientists' measurements on Earth.

One theory proposes that supernovae may accelerate the most energetic cosmic rays in our galaxy in the first few days and weeks after the initial explosion.

But supernovae are rare, occurring only a few times a century in a galaxy like the Milky Way. Out to distances of around 32 million light-years, a supernova occurs, on average, just once a year.

After a month of observations, starting when visible light telescopes first saw SN 2023ixf, Fermi had not detected gamma rays.

"Unfortunately, seeing no gamma rays doesn't mean there are no cosmic rays," said co-author Matthieu Renaud, an astrophysicist at the Montpellier Universe and Particles Laboratory, part of the National Center for Scientific Research in France. "We have to go through all the underlying hypotheses regarding acceleration mechanisms and environmental conditions in order to convert the absence of gamma rays into an upper limit for cosmic ray production."

The researchers propose a few scenarios that may have affected Fermi's ability to see gamma rays from the event, like the way the explosion distributed debris and the density of material surrounding the star.

Fermi's observations provide the first opportunity to study conditions right after the supernova explosion. Additional observations of SN 2023ixf at other wavelengths, new simulations and models based on this event, and future studies of other young supernovae will help astronomers home in on the mysterious sources of the universe's cosmic rays.
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Neutrons rule the roost for cage-free lithium ions | ScienceDaily
An international team of scientists found a way to improve battery design that could produce safer, more powerful lithium batteries.


						
The team used quasi-elastic neutron scattering at Oak Ridge National Laboratory to set the first benchmark, one-nanosecond, or one billionth of a second, for a mixture of lithium salt and an organic polymer electrolyte.

"It all comes down to the study of materials," said Eugene Mamontov, ORNL Chemical Spectroscopy group leader. "And polymer electrolytes won't catch fire the way liquid electrolytes do in lithium batteries."

The team used the neutron technique to validate computer simulations, ending a long-standing debate about how long it takes lithium ions to break free from tiny cages created by polymer electrolytes. The rate at which ions in any battery break free from such environments, or solvation cages in polymer electrolytes, helps determine how energy flows through the battery. Polymer electrolytes could enable more energy-dense electrodes, like lithium metal, resulting in more powerful lithium batteries.

The findings also open doors for rapidly screening new battery materials at ORNL. "Neutrons are highly sensitive to hydrogen, which is present in virtually all electrolytes. This allowed us to see how it moved in the system and understand polymer electrolyte dynamics at an unprecedented level of detail. We couldn't have pinned down the time and length any other way," said Naresh Osti, ORNL neutron scattering scientist.

"Naresh and Eugene's interpretation of neutron data from the experiment at ORNL opened our eyes to understanding the extent to which lithium ions are caged in polymer electrolytes. Our findings suggest this general approach will apply to liquid electrolytes," said Nitash Balsara, Charles W. Tobias Professor of Electrochemistry at the University of California, Berkeley.  
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Researchers advance pigment chemistry with moon-inspired reddish magentas | ScienceDaily
An Oregon State University researcher who made color history in 2009 with a vivid blue pigment has developed durable, reddish magentas inspired by lunar mineralogy and ancient Egyptian chemistry.


						
Mas Subramanian, distinguished professor of chemistry, and collaborators at OSU report the findings of the study, funded by the National Science Foundation, in the journal Chemistry of Materials.

The new pigments, which could be used as energy-efficient coatings for vehicles and buildings, are based on divalent chromium, Cr2+, and are the first to use itas a chromophore; chromophores are the parts of a molecule that determine color by reflecting some wavelengths of light while absorbing others.

"To date, no earth-based mineral has been reported to contain chromium in the divalent state as one of the components," said Subramanian, the Milton Harris Professor of Materials Science in the OSU College of Science. "However, the analysis of lunar mineral samples collected from Apollo missions showed the occurrence of chromium in the divalent state."

Divalent chromium has the same number of unpaired electrons as trivalent manganese, the chromophore responsible for the intense color of YInMn blue, which Subramanian's team discovered 15 years ago. The Shepherd Color Company licensed YInMn blue for use in a wide range of coatings and plastics, and it also inspired a new Crayola crayon color: Bluetiful.

When YInMn blue was discovered, researchers had been experimenting with new materials that could be used in electronics applications and mixed manganese oxide -- which is black in color -- with other chemicals, then heated them in a furnace to nearly 2,400 degrees Fahrenheit.

One of their samples turned out to be a brilliant blue, named YInMn blue after the component elements yttrium, indium and manganese. It was the first blue pigment discovery in two centuries and a huge advance in safety and durability as well as vividness.




In the new study, Subramanian, research associate Jun Li and graduate student Anjali Verma were inspired by the divalent copper that serves as a chromophore in Egyptian blue, which is the world's first known synthetic pigment and dates to more than 5,000 years ago.

The researchers replaced the divalent copper in Egyptian blue with divalent chromium, leading to durable, reddish magenta pigments. To stabilize the divalent chromium on Earth, researchers maintained high temperatures, almost 2,500 degrees Fahrenheit, under high vacuum during the synthesis that started from chromium metal, chromium trioxide and other chemicals.

"Most of the magenta-colored pigments used today are organic chemicals and suffer from stability issues when exposed to ultraviolet rays and heat from the sun because they can break down organic chemical bonds," Subramanian said. "Inorganic magenta pigments are rare, and most require a significant amount of cobalt salts that are hazardous to both humans and the environment."

The magenta pigments developed by OSU researchers are thermally and chemically inert because of their high preparation temperature and remain unaltered structurally and optically upon exposure to acid and alkali, the authors note.

In addition, unlike pigments that contain cobalt, the chromium-based magenta pigments are highly reflective of heat from the sun -- meaning they have a cooling property that would lead to energy savings for cars and structures coated in them.

"Most pigments are discovered by chance," Subramanian said. "The reason is because the origin of the color of a material depends not only on the chemical composition but also on the intricate arrangement of atoms in the crystal structure. So someone has to make the material first in a laboratory, then study its crystal structure thoroughly to explain the color."

Despite recent advances in quantum mechanical theories and computational methods, predicting a crystal structure that will produce an intense inorganic pigment of a desired color is still elusive, he added.

"We got lucky the first time with YInMn blue, and now we are coming up with some fundamental chemical and crystal structural design principles to rationally create new pigments," he said. "Determining the key structural ingredients required for making vivid colors should allow for shorter times between pigment discoveries. Science doesn't always follow a prescribed path, but we're exploring pigments with divalent chromium as a chromophore in diverse coordination environments in crystal structures of various inorganic compounds."
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Most massive stellar black hole in our galaxy found | ScienceDaily
Astronomers have identified the most massive stellar black hole yet discovered in the Milky Way galaxy. This black hole was spotted in data from the European Space Agency's Gaia mission because it imposes an odd 'wobbling' motion on the companion star orbiting it. Data from the European Southern Observatory's Very Large Telescope (ESO's VLT) and other ground-based observatories were used to verify the mass of the black hole, putting it at an impressive 33 times that of the Sun.


						
Stellar black holes are formed from the collapse of massive stars and the ones previously identified in the Milky Way are on average about 10 times as massive as the Sun. Even the next most massive stellar black hole known in our galaxy, Cygnus X-1, only reaches 21 solar masses, making this new 33-solar-mass observation exceptional [1].

Remarkably, this black hole is also extremely close to us -- at a mere 2000 light-years away in the constellation Aquila, it is the second-closest known black hole to Earth. Dubbed Gaia BH3 or BH3 for short, it was found while the team were reviewing Gaia observations in preparation for an upcoming data release. "No one was expecting to find a high-mass black hole lurking nearby, undetected so far," says Gaia collaboration member Pasquale Panuzzo, an astronomer at the Observatoire de Paris, part of France's National Centre for Scientific Research (CNRS). "This is the kind of discovery you make once in your research life."

To confirm their discovery, the Gaia collaboration used data from ground-based observatories, including from the Ultraviolet and Visual Echelle Spectrograph (UVES) instrument on ESO's VLT, located in Chile's Atacama Desert [2]. These observations revealed key properties of the companion star, which, together with Gaia data, allowed astronomers to precisely measure the mass of BH3.

Astronomers have found similarly massive black holes outside our galaxy (using a different detection method), and have theorised that they may form from the collapse of stars with very few elements heavier than hydrogen and helium in their chemical composition. These so-called metal-poor stars are thought to lose less mass over their lifetimes and hence have more material left over to produce high-mass black holes after their death. But evidence directly linking metal-poor stars to high-mass black holes has been lacking until now.

Stars in pairs tend to have similar compositions, meaning that BH3's companion holds important clues about the star that collapsed to form this exceptional black hole. UVES data showed that the companion was a very metal-poor star, indicating that the star that collapsed to form BH3 was also metal-poor -- just as predicted.

The research study, led by Panuzzo, is published today in Astronomy & Astrophysics. "We took the exceptional step of publishing this paper based on preliminary data ahead of the forthcoming Gaia release because of the unique nature of the discovery," says co-author Elisabetta Caffau, also a Gaia collaboration member from the CNRS Observatoire de Paris. Making the data available early will let other astronomers start studying this black hole right now, without waiting for the full data release, planned for late 2025 at the earliest.




Further observations of this system could reveal more about its history and about the black hole itself. The GRAVITY instrument on ESO's VLT Interferometer, for example, could help astronomers find out whether this black hole is pulling in matter from its surroundings and better understand this exciting object.

Notes

[1] This is not the most massive black hole in our galaxy -- that title belongs to Sagittarius A*, the supermassive black hole at the Milky Way's centre, which has about four million times the mass of the Sun. But Gaia BH3 is the most massive black hole known in the Milky Way that formed from the collapse of a star.

[2] Aside from UVES on ESO's VLT, the study relied on data from: the HERMES spectrograph at the Mercator Telescope operated at La Palma (Spain) by Leuven University, Belgium, in collaboration with the Observatory of the University of Geneva, Switzerland; and the SOPHIE high-precision spectrograph at the Observatoire de Haute-Provence -- OSU Institut Pytheas.
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Physicists explain--and eliminate--unknown force dragging against water droplets on superhydrophobic surfaces | ScienceDaily
Microscopic chasms forming a sea of conical jagged peaks stipple the surface of a material called black silicon. While it's commonly found in solar cell tech, black silicon also moonlights as a tool for studying the physics of how water droplets behave.


						
Black silicon is a superhydrophobic material, meaning it repels water. Due to water's unique surface tension properties, droplets glide across textured materials like black silicon by riding on a thin air-film gap trapped beneath. This works great when the droplets move slowly -- they slip and slide without a hitch.

But when the droplet moves faster, some unknown force seems to tug on its underbelly. This has stumped physicists, but now a team of researchers from Aalto University and ESPCI Paris have an explanation, and they've got the numbers to back it up.

Aalto University Assistant Professor Matilda Backholm is the first author of the paper that details these findings, published on April 15 in the journal Proceedings of the National Academy of Sciences. She conducted this during her time as a postdoctoral researcher in Professor Robin Ras's Soft Matter and Wetting group in the Department of Applied Physics.

'When observing water-surface interactions, there are typically three forces at play: contact-line friction, viscous losses, and air resistance. However, there is a fourth force that arises from the movement of droplets on highly slippery surfaces like black silicon. This movement actually creates a shearing effect on the air trapped beneath, resulting in a drag-like force on the droplet itself. This shearing force has never been explained before, and we are the first to identify it,' Backholm says.

The complex interactions of fluid and soft matter physics prove challenging to simplify into cut-and-dried formulae. But Backholm has managed to develop a technology to measure these tiny forces, explain how the force works, and finally provide the solution for eliminating the drag force altogether. Hook, line, and sinker.

Air-shearing effect

Creating better superhydrophobic surfaces would make the world's transportation systems more aerodynamic, medical devices more sterile, and generally improve the slipperiness of anything requiring a liquid-repellent surface.




Black silicon exploits the specific surface tension of water to minimize the contact between the droplet and the surface. Cones etched onto the substrate make the water droplets glide on an air-film gap, known as a plastron. But in a counterintuitive twist, the very mechanism that enables hydrophobic surfaces to deflect water droplets also leads to the shearing effect outlined in Backholm's paper.

'The field has been making these ultra slippery surfaces by reducing the length scale of the cones to make them smaller and more plentiful. But no one has stopped to realize, "Hey, we're actually working against ourselves here." In actuality, etching shorter cones onto the black silicon surface leads to a greater air-shearing effect,' Backholm says.

Other researchers have noted the existence of this force but have not been able to explain it. Backholm's findings prompt a reconsideration of the way that ultra slippery surfaces are designed. Her team's workaround was to add taller cones with textured caps onto the black silicon surface to further minimize the total contact surface area of the droplets.

'This work builds upon the wealth of expertise from the Soft Matter and Wetting research group on the subject of superhydrophobic surfaces. Rarely does the opportunity emerge to fully explain the subtleties of the microscopic forces involved in wetting dynamics, but this paper accomplishes just that,' says Ras.

Specialized technique

Backholm adapted a unique micropipette measurement technique to gauge the forces acting against the water droplets. She is an expert on these micropipette force sensors, having used them to measure the growth dynamics of plant roots, the swimming behavior of mesoscopic shrimp swarms, and now in observing the forces in moving water droplets.




Through arduous fine-tuning, she was able to use this technique to make the breakthrough in identifying the shearing effect. Backholm oscillated the droplet and probe to detect the subtle forces tugging beneath.

'We have also ruled out the possibility that there are any other forces at play at the contact line by running these same tests on carbonated droplets. Those droplets constantly off-gas carbon dioxide, causing them to levitate slightly above the surfaces they sit on. Even still, the shearing effect was measured at certain velocities, ultimately confirming that this force acts independently of its contact with the black silicon surface,' Backholm says.

Backholm expects these findings will further enable physicists and engineers to develop hydrophobic surfaces with better performance.

Backholm now leads the Living Matter research group at the Department of Applied Physics.
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A single atom layer of gold: Researchers create goldene | ScienceDaily
For the first time, scientists have managed to create sheets of gold only a single atom layer thick. The material has been termed goldene. According to researchers from Linkoping University, Sweden, this has given the gold new properties that can make it suitable for use in applications such as carbon dioxide conversion, hydrogen production, and production of value-added chemicals. Their findings are published in the journal Nature Synthesis.


						
Scientists have long tried to make single-atom-thick sheets of gold but failed because the metal's tendency to lump together. But researchers from Linkoping University have now succeeded thanks to a hundred-year-old method used by Japanese smiths.

"If you make a material extremely thin, something extraordinary happens -- as with graphene. The same thing happens with gold. As you know, gold is usually a metal, but if single-atom-layer thick, the gold can become a semiconductor instead," says Shun Kashiwaya, researcher at the Materials Design Division at Linkoping University.

To create goldene, the researchers used a three-dimensional base material where gold is embedded between layers of titanium and carbon. But coming up with goldene proved to be a challenge. According to Lars Hultman, professor of thin film physics at Linkoping University, part of the progress is due to serendipidy.

"We had created the base material with completely different applications in mind. We started with an electrically conductive ceramics called titanium silicon carbide, where silicon is in thin layers. Then the idea was to coat the material with gold to make a contact. But when we exposed the component to high temperature, the silicon layer was replaced by gold inside the base material," says Lars Hultman.

This phenomenon is called intercalation and what the researchers had discovered was titanium gold carbide. For several years, the researchers have had titanium gold carbide without knowing how the gold can be exfoliated or panned out, so to speak.

By chance, Lars Hultman found a method that has been used in Japanese forging art for over a hundred years. It is called Murakami's reagent, which etches away carbon residue and changes the colour of steel in knife making, for example. But it was not possible to use the exact same recipe as the smiths did. Shun Kashiwaya had to look at modifications:

"I tried different concentrations of Murakami's reagent and different time spans for etching. One day, one week, one month, several months. What we noticed was that the lower the concentration and the longer the etching process, the better. But it still wasn't enough," he says.




The etching must also be carried out in the dark as cyanide develops in the reaction when it is struck by light, and it dissolves gold. The last step was to get the gold sheets stable. To prevent the exposed two-dimensional sheets from curling up, a surfactant was added. In this case, a long molecule that separates and stabilises the sheets, i.e. a tenside.

"The goldene sheets are in a solution, a bit like cornflakes in milk. Using a type of "sieve," we can collect the gold and examine it using an electron microscope to confirm that we have succeeded. Which we have," says Shun Kashiwaya.

The new properties of goldene are due to the fact that the gold has two free bonds when two-dimensional. Thanks to this, future applications could include carbon dioxide conversion, hydrogen-generating catalysis, selective production of value-added chemicals, hydrogen production, water purification, communication, and much more. Moreover, the amount of gold used in applications today can be much reduced.

The next step for the LiU researchers is to investigate whether it is possible to do the same with other noble metals and identify additional future applications.
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Quantum electronics: Charge travels like light in bilayer graphene | ScienceDaily
An international research team led by the University of Gottingen has demonstrated experimentally that electrons in naturally occurring double-layer graphene move like particles without any mass, in the same way that light travels. Furthermore, they have shown that the current can be "switched" on and off, which has potential for developing tiny, energy-efficient transistors -- like the light switch in your house but at a nanoscale. The Massachusetts Institute of Technology (MIT), USA, and the National Institute for Materials Science (NIMS), Japan, were also involved in the research. The results were published in Nature Communications.


						
Graphene was identified in 2004 and is a single layer of carbon atoms. Among its many unusual properties, graphene is known for its extraordinarily high electrical conductivity due to the high and constant velocity of electrons travelling through this material. This unique feature has made scientists dream of using graphene for much faster and more energy-efficient transistors. The challenge has been that to make a transistor, the material needs to be controlled to have a highly insulating state in addition to its highly conductive state. In graphene, however, such a "switch" in the speed of the carrier cannot be easily achieved. In fact, graphene usually has no insulating state, which has limited graphene's potential a transistor.

The Gottingen University team have now found that two graphene layers, as found in the naturally occurring form of double-layer graphene, combine the best of both worlds: a structure that supports the amazingly fast motion of electrons moving like light as if they had no mass, in addition to an insulating state. The researchers showed that this condition can be changed by the application of an electric field applied perpendicularly to the material, making the double-layer graphene insulating. This property of fast-moving electrons had been theoretically predicted as early as 2009, but it took significantly enhanced sample quality as enabled my materials supplied by NIMS and close collaboration about theory with MIT, before it was possible to identify this experimentally. While these experiments were carried out at cryogenic temperatures -- at around 273deg below freezing -- they show the potential of bilayer graphene to make highly efficient transistors.

"We were already aware of the theory. However, now we have carried out experiments which actually show the light-like dispersion of electrons in bilayer graphene. It was a very exciting moment for the entire team," says Professor Thomas Weitz, at Gottingen University's Faculty of Physics. Dr Anna Seiler, Postdoctoral researcher and first author also at Gottingen University, adds: "Our work is very much a first step but a crucial one. The next step for researchers will be to see if bilayer graphene really can improve transistors or to investigate the potential of this effect in other areas of technology."
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Creating an island paradise in a fusion reactor | ScienceDaily
In their ongoing quest to develop a range of methods for managing plasma so it can be used to generate electricity in a process known as fusion, researchers at the U.S. Department of Energy's (DOE) Princeton Plasma Physics Laboratory (PPPL) have shown how two old methods can be combined to provide greater flexibility.


						
While the two methods -- known as electron cyclotron current drive (ECCD) and applying resonant magnetic perturbations (RMP) -- have long been studied, this is the first time researchers have simulated how they can be used together to give enhanced plasma control.

"This is kind of a new idea," said Qiming Hu, a staff research physicist at PPPL and lead author of a new paper published in Nuclear Fusion about the work, which has also been demonstrated experimentally. "The full capabilities are still being figured out, but our paper does a great job of advancing our understanding of the potential benefits."

Ultimately, scientists hope to use fusion to generate electricity. First, they will need to overcome several hurdles, including perfecting methods for minimizing bursts of particles from the plasma that are known as edge-localized modes (ELMs).

"Periodically, these bursts release a little bit of pressure because it's too much. But these bursts can be dangerous," said Hu, who works for PPPL at the DIII-D National Fusion Facility, a DOE user facility hosted by General Atomics. DIII-D is a tokamak, a device that uses magnetic fields to confine a fusion plasma in a donut shape. ELMs can end a fusion reaction and even damage the tokamak, so researchers have developed many ways to try to avoid them.

"The best way we've found to avoid them is by applying resonant magnetic perturbations, or RMPs, that generate additional magnetic fields," said PPPL Principal Research Physicist Alessandro Bortolon, who was one of the co-authors of the paper.

Magnetic fields generate islands, microwaves adjust them

The magnetic fields initially applied by the tokamak wind around the torus-shaped plasma, both the long way -- around the outer edge, and the short way -- from the outer edge and through the center hole. The additional magnetic fields created by the RMPs travel through the plasma, weaving in and out like a sewer's stitch. These fields produce oval or circular magnetic fields in the plasma called magnetic islands.




"Normally, islands in plasmas are really, really bad. If the islands are too big, then the plasma itself can disrupt."

However, the researchers already knew experimentally that under certain conditions, the islands can be beneficial. The hard part is generating RMPs big enough to generate the islands. That's where the ECCD, which is basically a microwave beam injection, comes in. The researchers found that adding ECCD to the plasma's edge lowers the amount of current required to generate the RMPs necessary to make the islands.

The microwave beam injection also allowed the researchers to perfect the size of the islands for maximum plasma edge stability. Metaphorically, the RMPs act like a simple light switch that turns the islands on, while the ECCD acts like an additional dimmer switch that lets the researchers adjust the islands to the ideal size for a manageable plasma.

"Our simulation refines our understanding of the interactions in play," Hu said. "When the ECCD was added in the same direction as the current in the plasma, the width of the island decreased, and the pedestal pressure increased. Applying the ECCD in the opposite direction produced opposite results, with island width increasing and pedestal pressure dropping or facilitating island opening."

ECCD at the edge, instead of the core

The research is also notable because ECCD was added to the plasma's edge instead of the core, where it is typically used.




"Usually, people think applying localized ECCD at the plasma edge is risky because the microwaves may damage in-vessel components," said Hu. "We've shown that it's doable, and we've demonstrated the flexibility of the approach. This might open new avenues for designing future devices."

By lowering the amount of current required to generate the RMPs, this simulation work could ultimately lead to lowering the cost of fusion energy production in commercial-scale fusion devices of the future.

This work was funded by the DOE under award numbers DE-AC02-09CH11466, DE-FC02-04ER54698, DE-SC0022270 and DE-AC52-07NA27344. Co-author Qingquan Yu was partially supported by the EUROfusion Enabling Research project (CfP-FSD-AWP24-ENR). His work has been carried out within the framework of the EUROfusion Consortium, funded by the European Union via the Euratom Research and Training Programme grant number 101052200.
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Researchers can help shipowners achieve ambitious climate targets | ScienceDaily
Shipowners around the world are in a very difficult position, because they are having to order new ships now that will run on fuel and technologies that are not yet fully developed.


						
A new study suggests that ammonia could be a smart and energy-efficient fuel in the race to achieve net zero in shipping. Researchers at the Department of Industrial Economics and Technology Management (IOT) and the Department of Marine Technology (IMT) at the Norwegian University of Science and Technology (NTNU) and SINTEF Ocean are behind the study.

Help making choices in uncertain times

The researchers have developed a new model that can help shipowners and ship designers make good decisions in a time of great uncertainty. The study was recently published in Maritime Transport Research.

Postdoctoral fellow Benjamin Lagemann at the Department of Marine Technology describes the challenges the industry is facing:

"They need to choose a machinery system and make plans for the future. At the same time, there is considerable uncertainty related to fuel prices, carbon pricing, fuel bunkering availability and safety," he says.

Anyone investing in new ships or upgrading their fleet must make decisions now, or have plans for how they intend to meet the climate requirements.




Must be equipped for unknown requirements

The ships that are now being ordered will likely be part of the international fleet in 2050.

They need to be equipped such that the enormous machinery can be converted to run on new types of fuel in the future. In shipping terminology, this is called retrofitting.

"A lot is still under development, but the decisions made today will affect the possibilities for retrofitting and fuel choices in the future. This means that the shipowners have to commit to a decision to a certain extent, and thereby run the risk of not meeting future standards and expectations related to the environment," says Lagemann.

Supramax ships as an example

The study is based on a fleet of Supramax ships. The model incorporates factors such as emission figures from production to end use using a variety of different fuels, prices and other assumptions.




The ambition of the International Maritime Organization (IMO) is for shipping to be climate neutral by 2050. In addition, the industry must achieve major emission cuts by 2030 and 2040.

The NTNU researchers' model shows that IMO's ambitions have a strong impact on shipowners and ship designers' choice of propulsion systems.

"Anyone investing in new ships or upgrading their fleet must make decisions now, or have plans for how they intend to meet the climate requirements," says Professor Kjetil Fagerholt from the Department of Industrial Economics and Technology Management.

Shipowners need to act quickly

A lot is at stake, and shipowners need to act quickly. A standard Supramax cargo ship costs approximately NOK 300 million to build, and specialized ships can cost a lot more. The service life of these vessels is typically 20-30 years.

There is still a lot we don't know about the new low and zero-emission fuels, and how they will affect technology, machinery and propulsion systems. This year, a carbon quota system for shipping will be introduced in the EU, but no one knows what the carbon prices will be in the future.

Decisions must be sustainable

The researchers have fed all the variables into the models, and developed a probability distribution for how conditions might develop in the future.

"We create many different scenarios of what might happen, but don't draw any final conclusions on any of the outcomes," says Fagerholt.

Benjamin Lagemann says the model highlights many of the issues related to the choice of fuels, but not all of them. It requires few input parameters, and is therefore relatively easy to reuse. The intention is to give an indication of which solutions will work best over time.

Ammonia for the most ambitious

More than 80 per cent of the goods in global trade are transported refrigerated. The Supramax ships on which NTNU researchers' models are based are around 200 metres long, transport dry loads and weigh between 58,000 and 65,000 deadweight tonnes. There are currently almost 3000 ships of this type in operation, and they account for almost 10 per cent of global transport operations measured in tonne-miles.

It is not yet known what the requirements for emission cuts are going to be, so the researchers have studied two scenarios. One of them assumes a 90 per cent cut in emissions by 2045. The conclusion is that the fleet should be designed for ammonia-based propulsion systems. If the ambitions are lowered to a 50 per cent cut in emissions, the model recommends liquefied natural gas, i.e. methane-based propulsion systems.

Many factors point towards ammonia

In recent years, many reports have indicated that ammonia could lead the fleet into an emission-free future. The acrid smell of this chemical that is used in detergents and agricultural fertilisers is something we all recognise. When properly produced and used, ammonia can be an energy-efficient fuel to replace today's polluting fossil fuels. Ammonia does not emit any CO2, sulphur oxides or particles.

Providing advice for operating entire fleets

The researchers' work builds on previous research from postdoctoral fellow Benjamin Lagemann, showing how one single ship could be retrofitted over time to meet increasingly strict emissions requirements. They have now expanded the model to what they call a fleet perspective, and created two versions.

Simply explained, one version can suggest what shipping companies with many ships of different ages should do, and when it is smartest to do so. The other version will provide decision support to shipowners planning to build an entire fleet of new ships. One example is companies that are currently investing in building a fleet of completely new ammonia-powered ships.

Interest from home and abroad

When shipping companies invest, they want two things at once: the investment should yield the highest possible return while minimising the danger of unwanted risk. A company with 12 ships can spread the risk over time by choosing three different technologies for fuel and engine types. All of them can be retrofitted, but not all of them need to be retrofitted at the same time.

When the researchers were asked if they know whether their models will actually be used by those who need them, Lagemann replies:

"No, we don't know. But several industry actors, designers and shipping companies, both in Norway and abroad, have shown interest."
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Crucial connection for 'quantum internet' made for the first time | ScienceDaily
The ability to share quantum information is crucial for developing quantum networks for distributed computing and secure communication. Quantum computing will be useful for solving some important types of problems, such as optimising financial risk, decrypting data, designing molecules, and studying the properties of materials.


						
However, this development is being held up because quantum information can be lost when transmitted over long distances. One way to overcome this barrier is to divide the network into smaller segments and link them all up with a shared quantum state.

To do this requires a means to store the quantum information and retrieve it again: that is, a quantum memory device. This must 'talk' to another device that allows the creation of quantum information in the first place.

For the first time, researchers have created such a system that interfaces these two key components, and uses regular optical fibres to transmit the quantum data.

The feat was achieved by researchers at Imperial College London, the University of Southampton, and the Universities of Stuttgart and Wurzburg in Germany, with the results published in Science Advances.

Co-first author Dr Sarah Thomas, from the Department of Physics at Imperial College London, said: "Interfacing two key devices together is a crucial step forward in allowing quantum networking, and we are really excited to be the first team to have been able to demonstrate this."

Co-first author Lukas Wagner, from the University of Stuttgart, added: "Allowing long-distance locations, and even to quantum computers, to connect is a critical task for future quantum networks."

Long-distance communication




In regular telecommunications -- like the internet or phone lines -- information can be lost over large distances. To combat this, these systems use 'repeaters' at regular points, which read and re-amplify the signal, ensuring it gets to its destination intact.

Classical repeaters, however, cannot be used with quantum information, as any attempt to read and copy the information would destroy it. This is an advantage in one way, as quantum connections cannot be 'tapped' without destroying the information and alerting the users. But it is a challenge to be tackled for long-distance quantum networking.

One way to overcome this problem is to share quantum information in the form of entangled particles of light, or photons. Entangled photons share properties in such a way that you cannot understand one without the other. To share entanglement over long distances across a quantum network you need two devices: one to create the entangled photons, and one to store them and allow them to be retrieved later.

There are several devices used to create quantum information in the form of entangled photons and to store it, but both generating these photons on demand and having a compatible quantum memory in which to store them eluded researchers for a long time.

Photons have certain wavelengths (which, in visible light, creates different colours), but devices for creating and storing them are often tuned to work with different wavelengths, preventing them from interfacing.

To make the devices interface, the team created a system where both devices used the same wavelength. A 'quantum dot' produced (non-entangled) photons, which were then passed to a quantum memory system that stored the photons within a cloud of rubidium atoms. A laser turned the memory 'on' and 'off', allowing the photons to be stored and released on demand.




Not only did the wavelength of these two devices match, but it is at the same wavelength as telecommunications networks used today -- allowing it to be transmitted with regular fibre-optic cables familiar in everyday internet connections.

European collaboration

The quantum dot light source was created by researchers at the University of Stuttgart with support from the University of Wurzburg, and then brought to the UK to interface with the quantum memory device created by the Imperial and Southampton team. The system was assembled in a basement lab at Imperial College London.

While independent quantum dots and quantum memories have been created that are more efficient than the new system, this is the first proof that devices can be made to interface, and at telecommunications wavelengths.

The team will now look to improve the system, including making sure all the photons are produced at the same wavelength, improving how long the photons can be stored, and making the whole system smaller.

As a proof of concept however, this is an important step forward, says co-author f from the University of Southampton: "Members of the quantum community have been actively attempting this link for some time. This includes us, having tried this experiment twice before with different memory and quantum dot devices, going back more than five years, which just shows how hard it is to do.

"The breakthrough this time was convening experts to develop and run each part of the experiment with specialist equipment and working together to synchronise the devices."
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AI enhances physician-patient communication | ScienceDaily
As one of the first health systems in the country to pilot the use of generative artificial intelligence (GenAI) to draft replies to patient messages inside the Epic Systems electronic health record, UC San Diego Health is a pioneer in shaping the future of digital health.


						
The results of a new University of California San Diego School of Medicine study indicate that, although AI-generated replies did not reduce physician response time, they have contributed to relieving cognitive burden by starting an empathetic draft, which physicians can edit rather than starting from scratch.

The study, published in the April 15, 2024 online edition of the Journal of the American Medical Association's Network Open, is the first randomized prospective evaluation of AI-drafted physician messaging.

"We are very interested in using AI to help solve health system challenges, including the increase in patient messages that are contributing to physician burnout," said study senior author Christopher Longhurst, MD, executive director of the Joan and Irwin Jacobs Center for Health Innovation, chief medical officer and chief digital officer at UC San Diego Health. "The evidence that the messages are longer suggests that that they are higher quality, and the data is clear that physicians appreciated the help, which lowered cognitive burden."

This quality improvement study evaluates patient-physician correspondence and suggests that the integration of generative AI into digital health care interactions has the potential to positively impact patient care by improving communication quality, efficiency and engagement. In addition, by alleviating some of the physician workload, the goal is for generative AI to help reduce burnout by allowing doctors to focus on more complex aspects of patient care.

"This study shows that generative AI can be a collaborative tool," said study lead author Ming Tai-Seale, PhD, MPH, professor of family medicine at UC San Diego School of Medicine. "Our physicians receive about 200 messages a week. AI could help break 'writer's block' by providing physicians an empathy-infused draft upon which to craft thoughtful responses to patients."

The COVID-19 pandemic sparked unprecedented use of digital communications between patients and doctors that have remained in high demand. Portals, such as MyUCSDChart, used by UC San Diego Health, make it simple to email a doctor directly and have created heightened pressure for prompt provider responses that many can no longer efficiently handle.




Using generative AI to draft patient responses to non-emergency questions has been tested in the pilot program with electronic health record vendor Epic Systems, initiated in April 2023 at UC San Diego Health, to offer virtual physician assistance to help meet the rising demand of patient messages. For full transparency, the replies include a notification that they have been automatically generated by AI before being reviewed and edited by the physician who signs them.

Time-crunched physicians who may only have time for a brief, facts-only response, found that generative AI is helping to draft longer, compassionate responses that are appreciated and understood by patients.

"AI doesn't get tired, so even at the end of a long day, it still has the capacity to help draft an empathetic message while synthesizing the request and relevant data into the response," said study co-author Marlene Millen, MD, chief medical information officer for ambulatory care at UC San Diego Health. "So, while we were surprised by the study's findings that AI messaging didn't save doctors time, we see that it may help prevent burnout by providing a detailed draft as a starting point."

The study's findings suggest a potential paradigm shift in health care communication by leveraging AI, noting that further analysis is needed to gauge how beneficial patients deem the increased empathy and reply length to be.

UC San Diego Health, in conjunction with the Jacobs Center for Health Innovation, has been extensively testing GenAI models since May 2023. These transformative projects will help explore the safe, effective and novel use of GenAI in health care.

Co-authors of the study include: Sally L. Baxter, Florin Vaida, Amanda Walker, Amy M. Sitapati, Chad Osborne, Joseph Diaz, Nimit Desai, Sophie Webb, Gregory Polston, Teresa Helsten, Erin Gross, Jessica Thackaberry, Ammar Mandvi, Dustin Lillie, Steve Li, Geneen Gin, Suraj Achar, Heather Hofflick, and Marlene Millen all of UC San Diego; and Christopher Sharp of Stanford.
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How Pluto got its heart | ScienceDaily
The mystery of how Pluto got a giant heart-shaped feature on its surface has finally been solved by an international team of astrophysicists led by the University of Bern and members of the National Center of Competence in Research (NCCR) PlanetS. The team is the first to successfully reproduce the unusual shape with numerical simulations, attributing it to a giant and slow oblique-angle impact.


						
Ever since the cameras of NASA's New Horizons mission discovered a large heart-shaped structure on the surface of the dwarf planet Pluto in 2015, this "heart" has puzzled scientists because of its unique shape, geological composition, and elevation. A team of scientists from the University of Bern, including several members of the NCCR PlanetS, and the University of Arizona in Tucson have used numerical simulations to investigate the origins of Sputnik Planitia, the western teardrop-shaped part of Pluto's "heart" surface feature. According to their research, Pluto's early history was marked by a cataclysmic event that formed Sputnik Planitia: a collision with a planetary body about 700 km in diameter, roughly twice the size of Switzerland from east to west. The team's findings, which were recently published in Nature Astronomy, also suggest that the inner structure of Pluto is different from what was previously assumed, indicating that there is no subsurface ocean.

A divided heart

The "heart," also known as the Tombaugh Regio, captured the public's attention immediately upon its discovery. But it also immediately caught the interest of scientists because it is covered in a high-albedo material that reflects more light than its surroundings, creating its whiter color. However, the "heart" is not composed of a single element. Sputnik Planitia (the western part) covers an area of 1200 by 2000 kilometers, which is equivalent to a quarter of Europe or the United States. What is striking, however, is that this region is three to four kilometers lower in elevation than most of Pluto's surface. "The bright appearance of Sputnik Planitia is due to it being predominantly filled with white nitrogen ice that moves and convects to constantly smooth out the surface. This nitrogen most likely accumulated quickly after the impact due to the lower altitude," explains Dr. Harry Ballantyne from the University of Bern, lead author of the study. The eastern part of the "heart" is also covered by a similar but much thinner layer of nitrogen ice, the origin of which is still unclear to scientists, but is probably related to Sputnik Planitia.

An oblique impact

"The elongated shape of Sputnik Planitia strongly suggests that the impact was not a direct head-on collision but rather an oblique one," points out Dr. Martin Jutzi of the University of Bern, who initiated the study. So the team, like several others around the world, used their Smoothed Particle Hydrodynamics (SPH) simulation software to digitally recreate such impacts, varying both the composition of Pluto and its impactor, as well as the velocity and angle of the impactor. These simulations confirmed the scientists' suspicions about the oblique angle of impact and determined the composition of the impactor.

"Pluto's core is so cold that the rocks remained very hard and did not melt despite the heat of the impact, and thanks to the angle of impact and the low velocity, the core of the impactor did not sink into Pluto's core, but remained intact as a splat on it," explains Harry Ballantyne. "Somewhere beneath Sputnik is the remnant core of another massive body, that Pluto never quite digested," adds co-author Erik Asphaug from the University of Arizona. This core strength and relatively low velocity were key to the success of these simulations: lower strength would result in a very symmetrical leftover surface feature that does not look like the teardrop shape observed by New Horizons. "We are used to thinking of planetary collisions as incredibly intense events where you can ignore the details except for things like energy, momentum and density. But in the distant Solar System, velocities are so much slower, and solid ice is strong, so you have to be much more precise in your calculations. That's where the fun starts," says Erik Asphaug. The two teams have a long record of collaborations together, exploring since 2011 already the idea of planetary "splats" to explain, for instance, features on the far side of the Moon. After our moon and Pluto, the University of Bern team plans to explore similar scenarios for other outer Solar System bodies such as the Pluto-like dwarf planet Haumea.

No subsurface ocean on Pluto

The current study sheds new light on Pluto's internal structure as well. In fact, a giant impact like the one simulated is much more likely to have occurred very early in Pluto's history. However, this poses a problem: a giant depression like Sputnik Planitia is expected to slowly move towards the pole of the dwarf planet over time due to the laws of physics, since it has a mass deficit. Yet it is paradoxically near the equator. The previous theorized explanation was that Pluto, like several other planetary bodies in the outer Solar System, has a subsurface liquid water ocean. According to this previous explanation, Pluto's icy crust would be thinner in the Sputnik Planitia region, causing the ocean to bulge there, and since liquid water is denser than ice, you would end up with a mass surplus that induces migration toward the equator.

However, the new study offers an alternative perspective. "In our simulations, all of Pluto's primordial mantle is excavated by the impact, and as the impactor's core material splats onto Pluto's core, it creates a local mass excess that can explain the migration toward the equator without a subsurface ocean, or at most a very thin one," explains Martin Jutzi. Dr. Adeene Denton from the University of Arizona, also co-author of the study, is currently conducting a new research project to estimate the speed of this migration. "This novel and inventine origin for Pluto's heart-shaped feature may lead to a better understanding of Pluto's origin," she concludes.
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Millions of gamers advance biomedical research | ScienceDaily
Leveraging gamers and video game technology can dramatically boost scientific research according to a new study published today in Nature Biotechnology.


						
4.5 million gamers around the world have advanced medical science by helping to reconstruct microbial evolutionary histories using a minigame included inside the critically and commercially successful video game, Borderlands 3. Their playing has led to a significantly refined estimate of the relationships of microbes in the human gut. The results of this collaboration will both substantially advance our knowledge of the microbiome and improve on the AI programs that will be used to carry out this work in future.

Tracing the evolutionary relationships of bacteria

By playing Borderlands Science, a mini-game within the looter-shooter video game Borderlands 3, these players have helped trace the evolutionary relationships of more than a million different kinds of bacteria that live in the human gut, some of which play a crucial role in our health. This information represents an exponential increase in what we have discovered about the microbiome up till now. By aligning rows of tiles which represent the genetic building blocks of different microbes, humans have been able to take on tasks that even the best existing computer algorithms have been unable to solve yet.

The project was led by McGill University researchers, developed in collaboration with Gearbox Entertainment Company, an award-winning interactive entertainment company, and Massively Multiplayer Online Science (MMOS), a Swiss IT company connecting scientists to video games), and supported by the expertise and genomic material from the Microsetta Initiative led by Rob Knight from the Departments of Pediatrics, Bioengineering, and Computer Science & Engineering at the University of California San Diego.

Humans improve on existing algorithms and lay groundwork for the future 

Not only have the gamers improved on the results produced by the existing programs used to analyze DNA sequences, but they are also helping lay the groundwork for improved AI programs that can be used in future.




"We didn't know whether the players of a popular game like Borderlands 3 would be interested or whether the results would be good enough to improve on what was already known about microbial evolution. But we've been amazed by the results." says Jerome Waldispuhl, an associate professor in McGill's School of Computer Science and senior author on the paper published today. "In half a day, the Borderlands Science players collected five times more data about microbial DNA sequences than our earlier game, Phylo, had collected over a 10-year period."

The idea for integrating DNA analysis into a commercial video game with mass market appeal came from Attila Szantner, an adjunct professor in McGill's School of Computer Science and CEO and co-founder of MMOS. "As almost half of the world population is playing with videogames, it is of utmost importance that we find new creative ways to extract value from all this time and brainpower that we spend gaming," says Szantner. "Borderlands Science shows how far we can get by teaming up with the game industry and its communities to tackle the big challenges of our times."

"Gearbox's developers were eager to engage millions of Borderlands players globally with our creation of an appealing in-game experience to demonstrate how clever minds playing Borderlands are capable of producing tangible, useful, and valuable scientific data at a level not approachable with non-interactive technology and mediums," said Randy Pitchford, founder and CEO of Gearbox Entertainment Company. "I'm proud that Borderlands Science has become one of the largest and most accomplished citizen science projects of all time, forecasting the opportunity for similar projects in future video games and pushing the boundaries of the positive effect that video games can make on the world."

Relating microbes to disease and lifestyle

The tens of trillions of microbes that colonize our bodies play a crucial role in maintaining human health. But microbial communities can change over time in response to factors such as diet, medications, and lifestyle habits.

Because of the sheer number of microbes involved, scientists are still only in the early days of being able to identify which microorganisms are affected by, or can affect, which conditions. Which is why the researchers' project and the results from the gamers are so important.




"We expect to be able to use this information to relate specific kinds of microbes to what we eat, to how we age, and to the many diseases ranging from inflammatory bowel disease to Alzheimer's that we now know microbes to be involved in," adds Knight, who also directs the Center for Microbiome Innovation at the UC San Diego. "Because evolution is a great guide to function, having a better tree relating our microbes to one another gives us a more precise view of what they are doing within and around us."

Building communities to advance knowledge

"Here we have 4.5 million people who contributed to science. In a sense, this result is theirs too and they should feel proud about it," says Waldispuhl. "It shows that we can fight the fear or misconceptions that members of the public may have about science and start building communities who work collectively to advance knowledge."

"Borderlands Science created an incredible opportunity to engage with citizen scientists on a novel and important problem, using data generated by a separate massive citizen science project," adds Daniel McDonald, the Scientific Director of the Microsetta Initiative. "These results demonstrate the remarkable value of open access data, and the scale of what is possible with inclusive practices in scientific endeavors."
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GeoAI technologies for sustainable urban development | ScienceDaily
From heatwaves to pandemic diseases, the urban environments of the world face numerous challenges. Researchers at the Hong Kong Polytechnic University are harnessing artificial intelligence (AI) and informatics to address emerging concerns related to environmental changes and urban growth.


						
Innovative geospatial and AI technologies offer ground-breaking solutions and insights into the dynamic changes occurring in our natural and social surroundings. The applications of GeoAI are rapidly expanding across various fields, encompassing transportation, urban and public safety, planning, climate change and natural disasters.

Prof. Qihao WENG, Chair Professor of Geomatics and Artificial Intelligence of the Department of Land Surveying and Geo-Informatics, and Global STEM Professor, established the PolyU Research Centre for Artificial Intelligence in Geomatics (RCAIG), to focus on the development of original and innovative AI methodologies and technologies for geomatics and their applications in urban areas, with the goal of it becoming a global R&D hub in GeoAI. Prof. Weng has recently been honoured with the 2024 American Association of Geographers (AAG) Wilbanks Prize for Transformational Research in Geography and the 2024 AAG Remote Sensing Specialty Group Lifetime Achievement Honor Award for his ground-breaking contributions in geography.

Earth observations Prof. WENG said, "By leveraging the latest geospatial technology and AI, we stand at the forefront of addressing global environmental and societal challenges. Our research encompasses a wide spectrum of subjects in the fields of earth observations and geoinformatics."

Satellite observations are invaluable tools for our community, relying on satellite imagery, videos and data that are crucial for informed decision-making in urban resilience and public health. For instance, satellite observations help us understand the impact of extreme heatwave on population exposure and aid in the development of urban flood monitoring algorithms. Real-time data acquisition also facilitate applications in traffic conditions, air quality, nature disasters, population movement and urban land use.

Prof. WENG said, "Earth observation is important as a guiding compass for understanding changes in the environment and society. Our research focuses on diverse fields including Geospatial big data and AI, remote sensing, ground-based sensors, navigation and positioning, surveying and geodesy, laser scanning and photogrammetry. These technologies play a crucial role in addressing and resolving key issues."

In particular, GeoAI has revolutionised building monitoring by utilising thousands of learnable parameters. An illustration of this is its ability to automatically learn and identify general patterns of buildings such as colour and shape. This technology is crucially applied to detect disaster-damaged buildings, retrieve building height, identify structural changes, and estimate building energy consumption. As a result, GeoAI has emerged as a mainstream solution for more efficient and insightful building monitoring.




Environmental monitoring 

As the world rapidly urbanises, cities become the focal point of diverse aspects of human development, including building and environmental monitoring, conservation efforts, urban safety, and the impacts of climate change.

By leveraging AI techniques like deep neural networks, alongside with remote sensing methods, these technologies have the ability to detect and track changes such as in habitats, urbanisation and deforestation patterns. Additionally, monitoring the uptake of carbon by vegetation plays a crucial role in combating climate change and developing effective mitigation strategies.

For urban resilience and public health, these technologies aim to enhance the ability of urban areas to withstand and recover from various challenges such as extreme heatwaves, while promoting the well-being and sustainable development of urban population.

In the field of urbanisation monitoring, research team of the RCAIG has developed an impervious surface area (ISA) based urban cellular automata (CA) model that can simulate the fractional change of urban areas within each grid by utilising annual urban extent time series data obtained from satellite observations. By characterising the historical pathways of urban area growth under different levels of urbanisation, the model offers more detailed insights compared to traditional binary CA models. This demonstrates its great potential in supporting sustainable development.

Research conducted by Ms Wanru HE, an RCAIG doctoral research assistant and the team, titled "Modeling gridded urban fractional change using the temporal context information in the urban cellular automata model" was published on Cities. Their model effectively capture the dynamics of urban sprawl with significantly improved computational efficiency and performance, and it enables the modelling of urban growth at regional even global level, under diverse future urbanisation scenarios.




GeoAI for traffic management

GeoAI utilises machine learning and deep learning to effectively analyse intricate information, offering applications like real-time traffic management. Through the integration of diverse data modalities, such as text, images, and knowledge graphs, GeoAI enables accurate traffic flow prediction, route optimisation, accident warnings, and the planning of an efficient traffic network. Consequently, this contributes to the advancement of smart traffic management.

To enhance the efficiency of ride-hailing platforms and achieve intelligent management of their services, research team of the RCAIG has developed a multi-agent order matching and vehicle repositioning (MAMR) approach. This innovative technology focuses on coordinating the supply and demand of ride-hailing services, ultimately aiming to improve their overall efficiency.

This approach provides a ground-breaking solution to tackle two critical aspects of efficient ride-hailing services. Firstly, it addresses order matching by efficiently assigning orders to available vehicles. Secondly, it incorporates proactive vehicle repositioning, strategically deploying idle vehicles to regions with potentially high demand. Based on multi-agent deep reinforcement learning (MARL), this innovation solves the complex planning in transportation and offers a news perspective on long-term spatiotemporal planning problem. The research conducted by Ms Mingyue XU, another RCAIG researcher and the team, titled "Multi-agent reinforcement learning to unify order-matching and vehicle-repositioning in ride-hailing services," was published on International Journal of Geographical Information Science. The study demonstrated outperforming results, including reduced passenger rejection rates and driver idle time. With a focus on geospatial artificial intelligence (GeoAI), the RCAIG and the POLEIS at PolyU are dedicated to conducting research in diverse fields, including urban building and energy, urban safety and securing, environmental monitoring and conservation and urban resilience and public health. This aligns with the 11th United Nations Sustainable Development Goal (SDG11), which aims to create inclusive, safe, resilient, and sustainable cities and human settlements.

About RCAIG The research focus of RCAIG is on exploring and applying AI in geomatics. In particular, GeoAI represents the fusion of AI with geospatial data and technology, utilising a multidisciplinary approach to analyse, predict and visualise complex patterns within geospatial data. Its significance lies in its ability to provide profound insights and more accurate results compared to conventional geospatial techniques.
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Switch to green wastewater infrastructure could reduce emissions and provide huge savings according to new research | ScienceDaily
University researchers have shown that a transition to green wastewater-treatment approaches in the U.S. that leverages the potential of carbon-financing could save a staggering $15.6 billion and just under 30 million tonnes of CO2-equivalent emissions over 40 years.


						
The comprehensive findings from Colorado State University were highlighted in Nature Communications Earth and Environment in a first-of-its-kind study. The work from the Walter Scott, Jr. College of Engineering explores the potential economic tradeoffs of switching to green infrastructure and technology solutions that go beyond existing grey-water treatment practices. Built off data collected at over 22,000 facilities, the report provides comprehensive baseline metrics and explores the relationship among emissions, costs and treatment capabilities for utility operators and decision makers.

Braden Limb is the first author on the paper and a Ph.D. student in the Department of Systems Engineering. He also serves as a research associate in the Department of Mechanical Engineering. He said the findings are a key initial step to categorize and understand potential green solutions for wastewater.

"These findings draw a line in the sand that shows what the potential for adopting green approaches in this space is -- both in terms of money saved and total emissions reduced," he said. "It is a starting point to understand what routes are available to us now and how financing strategies can elevate water treatment from a somewhat local issue into something that is addressed globally through market incentives."

The research was completed in partnership with the University of Colorado Boulder and Brigham Young University. Findings center around both point-source water treatment and non-point sources of water pollution.

Traditional point-source water treatment facilities such as sewage plants remove problem nutrients like nitrogen and phosphorus before releasing water back into circulation. This grey-infrastructure system -- as it is known -- is monitored by the Environmental Protection Agency. However, regulation standards may tighten in the future, and facilities would need more power, and in turn more emissions, to reach newly allowable thresholds. Existing facilities already account for 2% of all energy use in the U.S. and 45 million tonnes of CO2 emissions, said Limb.

Another significant source of freshwater contamination in the U.S. comes from non-point source activity such as fertilizer runoff from agriculture entering rivers. Other non-point sources of pollution can come from wildfires -- aided by climate change -- or urban development, for example.




Limb said that rather than building more grey-infrastructure treatment facilities to address those increasing sources, the paper explores green approaches financed through carbon markets that can tackle both types simultaneously.

"There could be a switch to nature-based solutions such as constructing wetlands or reforestation instead of building yet another treatment facility," he said. "Those options could sequester over 4.2 million carbon dioxide emissions per year over a 40-year time horizon and have other complementary benefits we should be aiming for, such as cheaper overall costs."

Carbon financing is a mechanism aimed at mitigating climate change by incentivizing activities that reduce emissions or sequester them from the atmosphere. Companies voluntarily buy "credits" on an open market that represent a reduction or removal of carbon from the atmosphere that can be accomplished in a variety of ways. That credit offsets the institution's emissions from operations as it aims to reach sustainability goals.

These trades incentivize development of sustainable activities and can also provide a source of fresh money to further develop or scale up new approaches.

While there are similar financing markets for water, the problem is initially more localized than it is for air quality and carbon. That dynamic has limited the value of water market trades in the past. The paper suggests that these existing markets could be improved, and that the carbon markets could also be leveraged to change some of the financial incentives farmers have around water treatment and impacts from their activity.

The researchers found that using the markets could generate $679 million annually in revenue, representing an opportunity to further motivate green infrastructure solutions within water quality trading programs to meet regulated standards.

Mechanical Engineering Professor Jason Quinn is a co-author on the study. He said the findings have some limitations, but that this was an important first step to model both the problem and opportunity available now. He said the results in the paper have supported new research at CSU with the National Science Foundation to further develop the needed carbon credit methodology with stakeholders.

"This is the first time we are considering air and water quality simultaneously -- water is local and carbon is global," he said. "But by bringing these market mechanisms together we can capitalize on a window of opportunity to accelerate the improvement of America's rivers as we transition to a renewable energy and restored watershed future."
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Quantum precision: A new kind of resistor | ScienceDaily
Researchers at the University of Wurzburg have developed a method that can improve the performance of quantum resistance standards. It s based on a quantum phenomenon called Quantum Anomalous Hall effect.


						
The precise measurement of electrical resistance is essential in industrial production or electronics -- for example, in the manufacture of high-tech sensors, microchips and flight controls. "Very precise measurements are essential here, as even the smallest deviations can significantly affect these complex systems," explains Professor Charles Gould, a physicist at the Institute for Topological Insulators at the University of Wurzburg (JMU). "With our new measurement method, we can significantly improve the accuracy of resistance measurements, without any external magnetic field, using the Quantum Anomalous Hall Effect (QAHE)."

How the New Method Works

Many people may remember the classic Hall effect from their physics lessons: When a current flows through a conductor and it is exposed to a magnetic field, a voltage is created -- the so-called Hall voltage. The Hall resistance, obtained by dividing this voltage by current, increases as the magnetic field strength increases. In thin layers and at large enough magnetic fields, this resistance begins to develop discreet steps with values of exactly h/ne2, where h is the Planck's constant, e is the elementary charge, and n is an integer number. This is known as the Quantum Hall Effect because the resistance depends only on fundamental constants of nature (h and e), which makes it an ideal standard resistor.

The special feature of the QAHE is that it allows the quantum Hall effect to exist at zero magnetic field. "The operation in the absence of any external magnetic field not only simplifies the experiment, but also gives an advantage when it comes to determining another physical quantity: the kilogram. To define a kilogram, one has to measure the electrical resistance and the voltage at the same time," says Gould "but measuring the voltage only works without a magnetic field, so the QAHE is ideal for this."

Thus far, the QAHE was measured only at currents which are far too low for practical metrological use. The reason for this is an electric field that disrupts the QAHE at higher currents. The Wurzburg physicists have now developed a solution to this problem. "We neutralize the electric field using two separate currents in a geometry we call a multi-terminal Corbino device.," explains Gould. "With this new trick, the resistance remains quantized to h/e2 up to larger currents, making the resistance standard based on QAHE more robust."

On the Way to Practical Application

In their feasibility study, the researchers were able to show that the new measurement method works at the precision level offered by basic d.c. techniques. Their next goal is to test the feasibility of this method using more precise metrological tools. To this end, the Wurzburg group is working closely with the Physikalisch-Technische Bundesanstalt (German National Metrology Institute, PTB), who specialize in this kind of ultra-precise metrological measurements. Gould also notes: "This method is not limited to the QAHE. Given that conventional Quantum Hall Effect experiences similar electric field driven limitations at sufficiently large currents, this method can also improve the existing state of the art metrological standards, for applications where even larger currents are useful."

The research was funded by the Free State of Bavaria, the German Research Foundation DFG, the Cluster of Excellence ct.qmat (Complexity and Topology in Quantum Matter) and the European Commission.
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AI can write you a poem and edit your video. Now, it can help you be funnier | ScienceDaily
University of Sydney researchers have used an AI-assisted application to help people write cartoon captions for cartoons published in The New Yorker Cartoon Caption Contest.


						
Twenty participants with little to no experience writing cartoon captions wrote 400 cartoon captions. 200 captions were written with the help from the AI tool, and the remainder were written without assistance.

A second group of 67 people then rated how funny these cartoon captions were. The researchers found jokes written with the help of the tool were found to be significantly funnier than those written without the tool. Comparatively, ratings for the AI assisted captions were almost 30 percent closer to the winning captions in The New Yorker Cartoon Caption Contest.

Participants said the tool helped them piece together humorous narratives and get started, helping to understand nuances and funny elements, and to come up with new ideas.

Almost half, 95 out of the 200 jokes written with the help of AI were also rated as funnier than the original cartoon captions by The New Yorker.

"The AI tool helps people be significantly funnier, but more importantly, it may be a cure for writer's block," said Dr Anusha Withana from the School of Computer Science and Digital Sciences Initiative.

AI helps non-native speakers be funny in a new language

Dr Withana and his team conceived the tool to help non-native speakers understand humour in their new language. The results also showed non-native speakers found the tool more helpful, bringing them 43 percent closer to the winning caption.




Born in Sri Lanka and having lived in Japan, Singapore, Germany and now Australia, Dr Withana said understanding local humour could often be a "minefield" for a new arrival.

"In a new country I would often find myself 'off-key'," he said. "For example, I once made a sarcastic comment that didn't go down well in Germany. Here in Australia, it would have gotten a laugh."

Hasindu Kariyawasam led the research project as an undergraduate research intern.

"Humour is such an important way to relate to others," he said. "It is also important for emotional wellbeing and creativity, and for managing stress, depression, and anxiety. As a non-native speaker myself, I found the system helped me write jokes more easily, and it made the experience fun."

How can AI help us understand humour?

The original aspiration for the research was to use technology to help get creative juices flowing and get words down on the page. Alister Palmer, a master's student and amateur cartoonist conceived the idea to engage more people in cartooning.




The tool works through an algorithm which assesses incongruity. It analyses the words in a description of the cartoon and generates incongruous words as hints for the cartoonist.

For example, in one cartoon where a person is depicted wearing a rabbit suit to the office, the tool suggested the words "rabbit" and "soup" (derived from the incongruity with the word "suit"). One of the pilot study participants came up with the caption "I meant the rabbit soup, not suit." The winning caption at The New Yorker competition was "It's not just Henderson. Corporate laid off the entire bunny division."

Professor Judy Kay said this approach means we can explain how the AI works: "With AI playing a bigger role in our lives, our team wanted to create this tool so that people can feel in control."

Dr Withana said: "Ultimately, humans are still the ones creating the humour, but this research is a great example of how AI can augment and aid our social interactions."
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Pyrite, also known as fool's gold, may contain valuable lithium, a key element for green energy | ScienceDaily
There's a reason airlines won't let you put your laptop in your checked luggage; the lithium-ion battery poses a serious fire hazard. But why? Lithium is incredibly reactive. For instance, pure lithium violently interacts with seemingly innocuous water, releasing heat and forming highly flammable hydrogen. This reactivity, however, is exactly why lithium makes a great material for batteries, and why it is a critical mineral for the green energy transition. Lithium-ion batteries are widely used in electric vehicles. Plus, they can store energy produced by renewable resources like solar and wind.


						
In recent years, lithium demand has skyrocketed. Primary sources for lithium like pegmatites and volcanic clays are well understood, but finding other stores that are safe and economical to exploit would be helpful. To that end, a team led by researchers from West Virginia University is exploring whether previous industrial operations (e.g., mine tailings or drill cuttings) could serve as a source of additional lithium without generating new waste materials. Shailee Bhattacharya, a sedimentary geochemist and doctoral student working with Professor Shikha Sharma in theIsoBioGeM Lab at West Virginia University, will present the team's findings next week during the European Geosciences Union (EGU) General Assembly 2024.

The study focuses on 15 middle-Devonian sedimentary rock samples from the Appalachian basin in the U.S. The team found plenty of lithium in pyrite minerals in shale, Bhattacharya said, "which is unheard of."

Though the geologic literature lacked information on the intersection between lithium and sulfur-rich pyrite, the electrochemical and engineering world has already begun to look at how lithium-sulfur batteries could replace lithium-ion ones, Bhattacharya said. "I am trying to understand how lithium and pyrite could be associated with one another."

As it turns out, organic-rich shale may show potential for higher lithium recovery as a result of that curious interaction between lithium and pyrite. However, whether the observations can be extrapolated beyond samples from the current study site is not known. "This is a well-specific study," Bhattacharya cautioned. But, this work is promising because it hints at the possibility that certain shales could be a lithium source that doesn't require new mines. "We can talk about sustainable energy without using a lot of energy resources," she said.
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Physicists solve puzzle about ancient galaxy found by Webb telescope | ScienceDaily
Last September, the James Webb Space Telescope, or JWST, discovered JWST-ER1g, a massive ancient galaxy that formed when the universe was just a quarter of its current age. Surprisingly, an Einstein ring is associated with this galaxy. That's because JWST-ER1g acts as a lens and bends light from a distant source, which then appears as a ring -- a phenomenon called strong gravitational lensing, predicted in Einstein's theory of general relativity.


						
The total mass enclosed within the Einstein radius -- the radius of the Einstein ring -- has two components: stellar and dark matter components.

"If we subtract the stellar mass from the total mass, we get the dark matter mass within the Einstein radius," said Hai-Bo Yu, a professor of physics and astronomy at the University of California, Riverside, whose team has published new work about JWST-ER1g in the journal The Astrophysical Journal Letters. "But the value for the dark matter mass seems higher than expected. This is puzzling. In our paper, we offer an explanation."

A dark matter halo is the halo of invisible matter that permeates and surrounds a galaxy like JWST-ER1g. Although dark matter has never been detected in laboratories, physicists are confident dark matter, which makes up 85% of the universe's matter, exists.

"When ordinary matter -- pristine gas and stars -- collapses and condenses into the dark matter halo of JWST-ER1g, it may be compressing the halo, leading to a high density," said Demao Kong, a second-year graduate student at UCR, who led the analysis. "Our numerical studies show that this mechanism can explain the high dark matter density of JWST-ER1g -- more dark matter mass in the same volume, resulting in higher density."

According to Daneng Yang, a postdoctoral researcher at UCR and co-author on the paper, JWST-ER1g, formed 3.4 billion years after the Big Bang, provides "a great chance to learn about dark matter."

"This strong lensing object is unique because it has a perfect Einstein ring, from which we can obtain valuable information about the total mass within the Einstein radius, a critical step for testing dark matter properties," he said.




Launched on Christmas Day in 2021, NASA's JWST is an orbiting infrared observatory. Also called Webb, it is designed to answer questions about the universe. It is the largest, most complex, and powerful space telescope ever built.

"JWST provides an unprecedented opportunity for us to observe ancient galaxies formed when the universe was young," Yu said. "We expect to see more surprises from JWST and learn more about dark matter soon."

The study was supported by the John Templeton Foundation and the U.S. Department of Energy.

The title of the open access research paper is "Cold Dark Matter and Self-interacting Dark Matter Interpretations of the Strong Gravitational Lensing Object JWST-ER1."
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Brightest gamma-ray burst of all time came from the collapse of a massive star | ScienceDaily
In October 2022, an international team of researchers, including Northwestern University astrophysicists, observed the brightest gamma-ray burst (GRB) ever recorded, GRB 221009A.


						
Now, a Northwestern-led team has confirmed that the phenomenon responsible for the historic burst -- dubbed the B.O.A.T. ("brightest of all time") -- is the collapse and subsequent explosion of a massive star. The team discovered the explosion, or supernova, using NASA's James Webb Space Telescope (JWST).

While this discovery solves one mystery, another mystery deepens.

The researchers speculated that evidence of heavy elements, such as platinum and gold, might reside within the newly uncovered supernova. The extensive search, however, did not find the signature that accompanies such elements. The origin of heavy elements in the universe continues to remain as one of astronomy's biggest open questions.

The research will be published on Friday (April 12) in the journal Nature Astronomy.

"When we confirmed that the GRB was generated by the collapse of a massive star, that gave us the opportunity to test a hypothesis for how some of the heaviest elements in the universe are formed," said Northwestern's Peter Blanchard, who led the study. "We did not see signatures of these heavy elements, suggesting that extremely energetic GRBs like the B.O.A.T. do not produce these elements. That doesn't mean that all GRBs do not produce them, but it's a key piece of information as we continue to understand where these heavy elements come from. Future observations with JWST will determine if the B.O.A.T.'s 'normal' cousins produce these elements."

Blanchard is a postdoctoral fellow at Northwestern's Center for Interdisciplinary Exploration and Research in Astrophysics (CIERA), where he studies superluminous supernovae and GRBs. The study includes co-authors from the Center for Astrophysics | Harvard & Smithsonian; University of Utah; Penn State; University of California, Berkeley; Radbound University in the Netherlands; Space Telescope Science Institute; University of Arizona/Steward Observatory; University of California, Santa Barbara; Columbia University; Flatiron Institute; University of Greifswald and the University of Guelph.




Birth of the B.O.A.T.

When its light washed over Earth on Oct. 9, 2022, the B.O.A.T. was so bright that it saturated most of the world's gamma-ray detectors. The powerful explosion occurred approximately 2.4 billion light-years away from Earth, in the direction of the constellation Sagitta and lasted a few hundred seconds in duration. As astronomers scrambled to observe the origin of this incredibly bright phenomenon, they were immediately hit with a sense of awe.

"As long as we have been able to detect GRBs, there is no question that this GRB is the brightest we have ever witnessed by a factor of 10 or more," Wen-fai Fong, an associate professor of physics and astronomy at Northwestern's Weinberg College of Arts and Sciences and member of CIERA, said at the time.

"The event produced some of the highest-energy photons ever recorded by satellites designed to detect gamma rays," Blanchard said. "This was an event that Earth sees only once every 10,000 years. We are fortunate to live in a time when we have the technology to detect these bursts happening across the universe. It's so exciting to observe such a rare astronomical phenomenon as the B.O.A.T. and work to understand the physics behind this exceptional event."

A 'normal' supernova

Rather than observe the event immediately, Blanchard, his close collaborator Ashley Villar of Harvard University and their team wanted to view the GRB during its later phases. About six months after the GRB was initially detected, Blanchard used the JWST to examine its aftermath.




"The GRB was so bright that it obscured any potential supernova signature in the first weeks and months after the burst," Blanchard said. "At these times, the so-called afterglow of the GRB was like the headlights of a car coming straight at you, preventing you from seeing the car itself. So, we had to wait for it to fade significantly to give us a chance of seeing the supernova."

Blanchard used the JWST's Near Infrared Spectrograph to observe the object's light at infrared wavelengths. That's when he saw the characteristic signature of elements like calcium and oxygen typically found within a supernova. Surprisingly, it wasn't exceptionally bright -- like the incredibly bright GRB that it accompanied.

"It's not any brighter than previous supernovae," Blanchard said. "It looks fairly normal in the context of other supernovae associated with less energetic GRBs. You might expect that the same collapsing star producing a very energetic and bright GRB would also produce a very energetic and bright supernova. But it turns out that's not the case. We have this extremely luminous GRB, but a normal supernova."

Missing: Heavy elements

After confirming -- for the first time -- the presence of the supernova, Blanchard and his collaborators then searched for evidence of heavy elements within it. Currently, astrophysicists have an incomplete picture of all the mechanisms in the universe that can produce elements heavier than iron.

The primary mechanism for producing heavy elements, the rapid neutron capture process, requires a high concentration of neutrons. So far, astrophysicists have only confirmed the production of heavy elements via this process in the merger of two neutron stars, a collision detected by the Laser Interferometer Gravitational-Wave Observatory (LIGO) in 2017. But scientists say there must be other ways to produce these elusive materials. There are simply too many heavy elements in the universe and too few neutron-star mergers.

"There is likely another source," Blanchard said. "It takes a very long time for binary neutron stars to merge. Two stars in a binary system first have to explode to leave behind neutron stars. Then, it can take billions and billions of years for the two neutron stars to slowly get closer and closer and finally merge. But observations of very old stars indicate that parts of the universe were enriched with heavy metals before most binary neutron stars would have had time to merge. That's pointing us to an alternative channel."

Astrophysicists have hypothesized that heavy elements also might be produced by the collapse of a rapidly spinning, massive star -- the exact type of star that generated the B.O.A.T. Using the infrared spectrum obtained by the JWST, Blanchard studied the inner layers of the supernova, where the heavy elements should be formed.

"The exploded material of the star is opaque at early times, so you can only see the outer layers," Blanchard said. "But once it expands and cools, it becomes transparent. Then you can see the photons coming from the inner layer of the supernova."

"Moreover, different elements absorb and emit photons at different wavelengths, depending on their atomic structure, giving each element a unique spectral signature," Blanchard explained. "Therefore, looking at an object's spectrum can tell us what elements are present. Upon examining the B.O.A.T.'s spectrum, we did not see any signature of heavy elements, suggesting extreme events like GRB 221009A are not primary sources. This is crucial information as we continue to try to pin down where the heaviest elements are formed."

Why so bright?

To tease apart the light of the supernova from that of the bright afterglow that came before it, the researchers paired the JWST data with observations from the Atacama Large Millimeter/Submillimeter Array (ALMA) in Chile.

"Even several months after the burst was discovered, the afterglow was bright enough to contribute a lot of light in the JWST spectra," said Tanmoy Laskar, an assistant professor of physics and astronomy at the University of Utah and a co-author on the study. "Combining data from the two telescopes helped us measure exactly how bright the afterglow was at the time of our JWST observations and allow us to carefully extract the spectrum of the supernova."

Although astrophysicists have yet to uncover how a "normal" supernova and a record-breaking GRB were produced by the same collapsed star, Laskar said it might be related to the shape and structure of the relativistic jets. When rapidly spinning, massive stars collapse into black holes, they produce jets of material that launch at rates close to the speed of light. If these jets are narrow, they produce a more focused -- and brighter -- beam of light.

"It's like focusing a flashlight's beam into a narrow column, as opposed to a broad beam that washes across a whole wall," Laskar said. "In fact, this was one of the narrowest jets seen for a gamma-ray burst so far, which gives us a hint as to why the afterglow appeared as bright as it did. There may be other factors responsible as well, a question that researchers will be studying for years to come."

Additional clues also may come from future studies of the galaxy in which the B.O.A.T. occurred. "In addition to a spectrum of the B.O.A.T. itself, we also obtained a spectrum of its 'host' galaxy," Blanchard said. "The spectrum shows signs of intense star formation, hinting that the birth environment of the original star may be different than previous events."

Team member Yijia Li, a graduate student at Penn State, modeled the spectrum of the galaxy, finding that the B.O.A.T.'s host galaxy has the lowest metallicity, a measure of the abundance of elements heavier than hydrogen and helium, of all previous GRB host galaxies. "This is another unique aspect of the B.O.A.T. that may help explain its properties," Li said.

The study, "JWST detection of a supernova associated with GRB 221009A without an r-process signature," was supported by NASA (award number JWST-GO-2784) and the National Science Foundation (award numbers AST-2108676 and AST-2002577). This work is based on observations made with the NASA/ESA/CSA James Webb Space Telescope.
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Stellar winds of three sun-like stars detected for the first time | ScienceDaily
An international research team led by a researcher from the University of Vienna has for the first time directly detected stellar winds from three Sun-like stars by recording the X-ray emission from their astrospheres, and placed constraints on the mass loss rate of the stars via their stellar winds. The study is currently published in Nature Astronomy.


						
Astrospheres, stellar analogues of the heliosphere that surrounds our solar system, are very hot plasma bubbles blown by stellar winds into the interstellar medium, a space filled with gas and dust. The study of the stellar winds of low-mass stars similar to the Sun allows us to understand stellar and planetary evolution, and ultimately the history and future of our own star and solar system. Stellar winds drive many processes that evaporate planetary atmospheres into space and therefore lead to atmospheric mass loss.

Although escape rates of planets over an hour or even a year are tiny, they operate over long geological periods. The losses accumulate and can be a decisive factor for a planet evolving into a habitable world or an airless rock. Despite their importance for the evolution of both stars and planets, winds of Sun-like stars are notoriously difficult to constrain. Mainly composed of protons and electrons, they also contain a small quantity of heavier highly charged ions (e.g. oxygen, carbon). It is these ions which, by capturing electrons from the neutrals of the interstellar medium around the star, emit X-rays.

X-ray emission from astropheres detected

An international research team led by Kristina Kislyakova, Senior Scientist at the Department of Astrophysics of the University of Vienna, has detected for the first time the X-ray emission from the astrospheres around three sun-like stars, so called main sequence stars which are stars in the prime of their life, and has thus recorded such winds for the first time directly, allowing them to place constraints on the mass loss rate of the stars via their stellar winds.

These results, based on observations with the XMM-Newton space telescope, are currently published in Nature Astronomy. The researchers observed the spectral fingerprints (so-called spectral lines) of the oxygen ions with XMM-Newton and were able to determine the quantity of oxygen and ultimately the total mass of stellar wind emitted by the stars. For the three stars with detected astrospheres, named 70 Ophiuchi, epsilon Eridani, and 61 Cygni, the researchers estimated their mass loss rates to be 66.5+-11.1, 15.6+-4.4, and 9.6+-4.1 times the solar mass loss rate, respectively. This means that the winds from these stars are much stronger than the solar wind, which might be explained by stronger magnetic activity of these stars.

"In the solar system, solar wind charge exchange emission has been observed from planets, comets, and the heliosphere and provides a natural laboratory to study the solar wind's composition," explains the lead author of the study, Kristina Kislyakova. "Observing this emission from distant stars is much more tricky due to the faintness of the signal. In addition to that, the distance to the stars makes it very difficult to disentangle the signal emitted by the astrosphere from the actual X-ray emission of the star itself, part of which is "spread" over the field-of-view of the telescope due to instrumental effects. We have developed a new algorithm to disentangle the stellar and the astrospheric contributions to the emission and detected charge exchange signals originating from stellar wind oxygen ions and the surrounding neutral interstellar medium of three main-sequence stars. This has been the first time X-ray charge exchange emission from astrospheres of such stars has been detected. Our estimated mass loss rates can be used as a benchmark for stellar wind models and expand our limited observational evidence for the winds of Sun-like stars."

Co-author Manuel Gudel, also of the University of Vienna, adds, "there have been world-wide efforts over three decades to substantiate the presence of winds around Sun-like stars and measure their strengths, but so far only indirect evidence based on their secondary effects on the star or its environment alluded to the existence of such winds; our group previously tried to detect radio emission from the winds but could only place upper limits to the wind strengths while not detecting the winds themselves. Our new X-ray based results pave the way to finding and even imaging these winds directly and studying their interactions with surrounding planets."

"In the future, this method of direct detection of stellar winds in X-rays will be facilitated thanks to future high resolution instruments, like the X-IFU spectrometer of the European Athena mission. The high spectral resolution of X-IFU will resolve the finer structure and emission ratio of the oxygen lines (as well as other fainter lines), that are hard to distinguish with XMM's CCD resolution, and provide additional constraints on the emission mechanism; thermal emission from the stars, or non-thermal charge exchange from the astrospheres." -- explains CNRS researcher Dimitra Koutroumpa, a co-author of the study.
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Innovative antiviral defense with new CRISPR tool | ScienceDaily
The rise of RNA viruses like SARS-CoV-2 highlights the need for new ways to fight them. RNA-targeting tools like CRISPR/Cas13 are powerful but inefficient in the cytoplasm of cells, where many RNA viruses replicate. Scientists from Helmholtz Munich and the Technical University of Munich (TUM) have devised a solution: Cas13d-NCS. This new molecular tool allows CRISPR RNA molecules that are located within the nucleus of a cell to move to the cytoplasm, making it highly effective at neutralizing RNA viruses. This advancement opens doors for precision medicine and proactive viral defense strategies. The findings were published in Cell Discovery.


						
As the world prepares for future and ongoing global health threats from RNA viruses such as the SARS-CoV-2 pandemic, breakthrough advances in antiviral development are becoming a critical weapon in the fight against these infectious diseases. At the heart of this innovation is the exploration of CRISPR/Cas13 systems, which are known for their programmable capabilities to manipulate RNAs and have become indispensable tools for various RNA targeting applications. However, a significant obstacle has hampered the effectiveness of Cas13d: its restriction to the nucleus of mammalian cells. This drastically limited its utility in cytosolic applications, such as programmable antiviral therapies.

A Potent Antiviral Solution

A scientific team working with Prof. Wolfgang Wurst, Dr. Christoph Gruber and Dr. Florian Giesert (Institute of Developmental Genetics at Helmholtz Munich and Chair of Developmental Genetics at TUM), which intensively collaborated with the teams of Dr. Gregor Ebert (Institute of Virology at Helmholtz Munich and at TUM) and of Prof. Andreas Pichlmair (Institute of Virology at TUM), successfully overcame this challenge associated with the cytosolic inactivity of Cas13d. Through careful screening and optimization, the researchers developed a transformative solution: Cas13d-NCS, a novel system capable of transferring nuclear crRNAs into the cytosol. crRNAs, or CRISPR RNAs, are short RNA molecules that guide the CRISPR-Cas complex to specific target sequences for precise modifications. In the cytosol, the protein/crRNA complex targets complementary RNAs and degrades them with unprecedented precision. With remarkable efficiency, Cas13d-NCS outperforms its predecessors in degrading mRNA targets and neutralizing self-replicating RNA, including replicating sequences of Venezuelan equine encephalitis (VEE) RNA virus and several variants of SARS-CoV-2, unlocking the full potential of Cas13d as a programmable antiviral-tool.

Redefining the Landscape of RNA Virus Therapeutics

This important achievement represents a significant step towards combating pandemics and strengthening defenses against future outbreaks. The impact of the study goes beyond traditional antiviral strategies and CRISPR systems and ushers in a new era of precision medicine by enabling the strategic manipulation of subcellular localization of CRISPR-based interventions.

"This breakthrough in antiviral development with Cas13d-NCS marks a pivotal moment in our ongoing battle against RNA viruses," says Prof. Wolfgang Wurst, coordinator of the study. "This achievement showcases the power of collaborative innovation and human ingenuity in our quest for a healthier and more resilient world."
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Exoplanets true to size | ScienceDaily
A star's magnetic field must be considered in order to correctly determine the characteristics of their exoplanets from observations by space telescopes such as Kepler, James Webb, or PLATO. This is demonstrated by new model calculations presented today in the journal Nature Astronomy by a research group led by the Max Planck Institute for Solar System Research (MPS) in Germany. The researchers show that the distribution of the star's brightness over its disk depends on the star's level of magnetic activity. This, in turn, affects the signature of an exoplanet in observational data. The new model must be used in order to properly interpret the data from the latest generation of space telescopes pointed at distant worlds outside our Solar System.


						
700 light years away from Earth in the constellation Virgo, the planet WASP-39b orbits the star WASP-39. The gas giant, which takes little more than four days to complete one orbit, is one of the best-studied exoplanets: Shortly after its commissioning in July 2022, NASA's James Webb Space Telescope turned its high-precision gaze on the distant planet. The data revealed evidence of large quantities of water vapor, of methane and even, for the first time, of carbon dioxide in the atmosphere of WASP-39b. A minor sensation! But there is still one fly in the ointment: researchers have not yet succeeded in reproducing all the crucial details of the observations in model calculations. This stands in the way of an even more precise analyses of the data. In the new study led by the MPS, the authors, including researchers from the Massachusetts Institute of Technology (USA), the Space Telescope Science Institute (USA), Keele University (United Kingdom), and the University of Heidelberg (Germany), show a way to overcome this obstacle.

"The problems arising when interpreting the data from WASP-39b are well known from many other exoplanets -- regardless whether they are observed with Kepler, TESS, James Webb, or the future PLATO spacecraft," explains MPS scientist Dr. Nadiia Kostogryz, first author of the new study. "As with other stars orbited by exoplanets, the observed light curve of WASP-39 is flatter than previous models can explain," she adds.

Researchers define a light curve as a measurement of the brightness of a star over a longer period of time. The brightness of a star fluctuates constantly, for example because its luminosity is subject to natural fluctuations. Exoplanets can also leave traces in the light curve. If an exoplanet passes in front of its star as seen by an observer, it dims the starlight. This is reflected in the light curve as a regularly recurring drop in brightness. Precise evaluations of such curves provide information about the size and orbital period of the planet. Researchers can also obtain information about the composition of the planet's atmosphere, if the light from the star is split into its different wavelengths or colours.

A close look at a star's brightness distribution

The limb of a star, the edge of the stellar disk, plays a decisive role in the interpretation of its light curve. Just as in the case of the Sun, the limb appears darker to the observer than the inner area. However, the star does not actually shine less brightly further out. "As the star is a sphere and its surface curved, we look into higher and therefore cooler layers at the limb than in the center," explains coauthor and MPS-Director Prof. Dr. Laurent Gizon. "This area therefore appears darker to us," he adds.

It is known that the limb darkening affects the exact shape of the exoplanet signal in the light curve: The dimming determines how steeply the brightness of a star falls during a planetary transit and then rises again. However, it has not been possible to reproduce observational data accurately using conventional models of the stellar atmosphere. The decrease of brightness was always less abrupt than the model calculations suggested. "It was clear that we were missing a crucial piece of the puzzle to precisely understand the exoplanets' signal," says MPS-Director Prof. Dr. Sami Solanki, coauthor of the current study.




Magnetic field is the missing piece of the puzzle

As the calculations published today show, the missing piece of the puzzle is the stellar magnetic field. Like the Sun, many stars generate a magnetic field deep in their interior through enormous flows of hot plasma. For the first time, the researchers were now able to include the magnetic field in their models of limb darkening. They could show that the strength of the magnetic field has an important effect: The limb darkening is pronounced in stars with a weak magnetic field, while it is weaker in those with a strong magnetic field.

The researchers were also able to prove that the discrepancy between observational data and model calculations disappears if the star's magnetic field is included in the computations. To this end, the team turned to selected data from NASA's Kepler Space Telescope, which captured the light of thousands and thousands of stars from 2009 to 2018. In a first step, the scientists modeled the atmosphere of typical Kepler stars in the presence of a magnetic field. In a second step, they then generated "artificial" observational data from these calculations. As a comparison with the real data showed, by including the magnetic field, the Kepler data is successfully reproduced.

The team also extended its considerations to data from the James Webb Space Telescope. The telescope is able to split the light of distant stars into its various wavelengths and thus search for the characteristic signs of certain molecules in the atmosphere of the discovered planets. As it turns out, the magnetic field of the parent star influences the stellar limb darkening differently at different wavelengths -- and should therefore be taken into account in future evaluations in order to achieve even more precise results.

From telescopes to models

"In the past decades and years, the way to move forward in exoplanet research was to improve the hardware, the space telescopes designed to search for and characterize new worlds. The James Webb Space Telescope has pushed this development to new limits," says Dr. Alexander Shapiro, coauthor of the current study and head of an ERC-funded research group at the MPS. "The next step is now to improve and refine the models to interpret this excellent data," he adds.

To further advance this development, the researchers now want to extend their analyses to stars that are clearly different from the Sun. In addition, their findings offer the possibility of using the light curves of stars with exoplanets to infer the strength of the stellar magnetic field, which is otherwise often hard to measure.
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New computer vision tool wins prize for social impact | ScienceDaily
A team of computer scientists at the University of Massachusetts Amherst working on two different problems -- how to quickly detect damaged buildings in crisis zones and how to accurately estimate the size of bird flocks -- recently announced an AI framework that can do both. The framework, called DISCount, blends the speed and massive data-crunching power of artificial intelligence with the reliability of human analysis to quickly deliver reliable estimates that can quickly pinpoint and count specific features from very large collections of images. The research, published by the Association for the Advancement of Artificial Intelligence, has been recognized by that association with an award for the best paper on AI for social impact.


						
"DISCount came together as two very different applications," says Subhransu Maji, associate professor of information and computer sciences at UMass Amherst and one of the paper's authors. "Through UMass Amherst's Center for Data Science, we have been working with the Red Cross for years in helping them to build a computer vision tool that could accurately count buildings damaged during events like earthquakes or wars. At the same time, we were helping ornithologists at Colorado State University and the University of Oklahoma interested in using weather radar data to get accurate estimates of the size of bird flocks."

Maji and his co-authors, lead author Gustavo Perez, who completed this research as part of his doctoral training at UMass Amherst, and Dan Sheldon, associate professor of information and computer sciences at UMass Amherst, thought they could solve the damaged-buildings-and-bird-flock problems with computer vision, a type of AI that can scan enormous archives of images in search of something particular -- a bird, a rubble pile -- and count it.

But the team was running into the same roadblocks on each project: "the standard computer visions models were not accurate enough," says Perez. "We wanted to build automated tools that could be used by non-AI experts, but which could provide a higher degree of reliability."

The answer, says Sheldon, was to fundamentally rethink the typical approaches to solving counting problems.

"Typically, you either have humans do time-intensive and accurate hand-counts of a very small data set, or you have computer vision run less-accurate automated counts of enormous data sets," Sheldon says. "We thought: why not do both?"

DISCount is a framework that can work with any already existing AI computer vision model. It works by using the AI to analyze the very large data sets -- say, all the images taken of a particular region in a decade -- to determine which particular smaller set of data a human researcher should look at. This smaller set could, for example, be all the images from a few critical days that the computer vision model has determined best show the extent of building damage in that region. The human researcher could then hand-count the damaged buildings from the much smaller set of images and the algorithm will use them to extrapolate the number of buildings affected across the entire region. Finally, DISCount will estimate how accurate the human-derived estimate is.

"DISCount works significantly better than random sampling for the tasks we considered," says Perez. "And part of the beauty of our framework is that it is compatible with any computer-vision model, which lets the researcher select the best AI approach for their needs. Because it also gives a confidence interval, it gives researchers the ability to make informed judgments about how good their estimates are."

"In retrospect, we had a relatively simple idea," says Sheldon. "But that small mental shift -- that we didn't have to choose between human and artificial intelligence, has let us build a tool that is faster, more comprehensive, and more reliable than either approach alone."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240411165923.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Artificial intelligence can help people feel heard | ScienceDaily

As AI becomes more ubiquitous in daily life, understanding its potential and limitations in meeting human psychological needs becomes more pertinent. With dwindling empathetic connections in a fast-paced world, many are finding their human needs for feeling heard and validated increasingly unmet.

The research conducted by Yidan Yin, Nan Jia, and Cheryl J. Wakslak from the USC Marshall School of Business addresses a pivotal question: Can AI, which lacks human consciousness and emotional experience, succeed in making people feel heard and understood?

"In the context of an increasing loneliness epidemic, a large part of our motivation was to see whether AI can actually help people feel heard," said the paper's first author, Yidan Yin, a postdoctoral researcher at the Lloyd Greif Center for Entrepreneurial Studies at USC Marshall.

The team's findings highlight not only the potential of AI to augment human capacity for understanding and communication, but raises important conceptual questions about the meaning of being heard and practical questions about how best to leverage AI's strengths to support greater human flourishing.

In an experiment and subsequent follow-up study, "we identified that while AI demonstrates enhanced potential compared to non-trained human responders to provide emotional support, the devaluation of AI responses poses a key challenge for effectively deploying AI's capabilities," said Nan Jia, associate professor of strategic management.

The USC Marshall research team investigated people's feelings of being heard and other related perceptions and emotions after receiving a response from either AI or a human. The survey varied both the actual source of the message and the ostensible source of the message: Participants received messages that were actually generated by an AI or by a human responder, with the information that it was either AI or human generated.




"What we found was that both the actual source of the message and the presumed source of the message played a role," said Cheryl Wakslak, associate professor of management and organization at USC Marshall. "People felt more heard when they received an AI than a human message, but when they believed a message came from AI this made them feel less heard."

AI bias

Yin noted that their research "basically finds a bias against AI. It's useful, but they don't like it."

Perceptions about AI are bound to change, added Wakslak, "Of course these effects may change over time, but one of the interesting things we found was that the two effects we observed were fairly similar in magnitude. Whereas there is a positive effect of getting an AI message, there is a similar degree of response bias when a message is identified as coming from AI, leading the two effects to essentially cancel each other out."

Individuals further reported an "uncanny valley" response -- a sense of unease when made aware that the empathetic response originated from AI, highlighting the complex emotional landscape navigated by AI-human interactions.

The research survey also asked participants about their general openness to AI, which moderated some of the effects, explained Wakslak.




"People who feel more positively toward AI don't exhibit the response penalty as much and that's intriguing because over time, will people gain more positive attitudes toward AI?" she posed. "That remains to be seen ... but it will be interesting to see how this plays out as people's familiarity and experience with AI grows."

AI offers better emotional support

The study highlighted important nuances. Responses generated by AI were associated with increased hope and lessened distress, indicating a positive emotional effect on recipients. AI also demonstrated a more disciplined approach than humans in offering emotional support and refrained from making overwhelming practical suggestions.

Yin explained that, "Ironically, AI was better at using emotional support strategies that have been shown in prior research to be empathetic and validating. Humans may potentially learn from AI because a lot of times when our significant others are complaining about something, we want to provide that validation, but we don't know how to effectively do so."

Instead of AI replacing humans, the research points to different advantages of AI and human responses. The advanced technology could become a valuable tool, empowering humans to use AI to help them better understand one another and learn how to respond in ways that provide emotional support and demonstrate understanding and validation.

Overall, the paper's findings have important implications for the integration of AI into more social contexts. Leveraging AI's capabilities might provide an inexpensive scalable solution for social support, especially for those who might otherwise lack access to individuals who can provide them with such support. However, as the research team notes, their findings suggest that it is critical to give careful consideration to how AI is presented and perceived in order to maximize its benefits and reduce any negative responses.
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Scientists use wearable technology to detect stress levels during sleep | ScienceDaily
What if changes in a person's stress levels could be detected while they sleep using wearable devices? A new study by University of Vermont researchers published today in PLOS Digital Health is the first to find changes in perceived stress levels reflected in sleep data -- an important step towards identifying biomarkers that may help flag individuals in need of support.


						
Given how critical sleep is to physical and mental health, the research team suspected signals might exist in sleep data, says Laura Bloomfield, a research assistant professor of mathematics and statistics and lead author of the study. "Changes in stress are visible."

When parsing baseline sleep data, the researchers found "consistent associations" between people's perceived stress scores and factors such as total sleep time, resting heart rate and heart rate variability, and respiratory rate. While it's no surprise that most participants received less than the recommended 8 to 10 hours of sleep for young adults, the minutes do matter. For every additional hour of sleep recorded, the odds of someone reporting moderate-to-high stress decreased about 38 percent. Nightly resting heart rates offered more clues. For each additional beat per minute, the odds of experiencing stress increased by 3.6 percent.

Bloomfield is a principal investigator of the Lived Experience Measured Using Rings Study (LEMURS) -- a longitudinal study started at UVM in 2022 that tracks hundreds of first- and second-year college students 24 hours a day using a wearable Oura ring biosensor and through surveys about their wellbeing. This is the first peer-reviewed paper from LEMURS and shows that data gleaned from wearables can reveal changes in people's mental health status.

"The study showed that sleep measures from the Oura ring were predictive of participants' perceived level of stress. If we are able to identify in real-time that someone is experiencing increased stress, there might be an opportunity to offer helpful interventions.," Bloomfield explains. "There are a lot of ways to implement interventions, but the first step is understanding the connection between sleep measures and mental health measures."

About LEMURS

The LEMURS project was conceived by Chris Danforth, professor of applied mathematics at UVM's Vermont Complex Systems Center and fellow of the Gund Institute for Environment and Bloomfield, MD/Ph.D., to determine how wearable technologies could be used to improve young people's health and well-being with personalized health feedback. LEMURS is supported by a grant from MassMutual.




College students, in general, don't sleep enough, often feel stressed, and are at greater risk of experiencing mental health issues. The LEMURS research team will also evaluate the effectiveness of interventions such as exercise, excursions into nature, and group therapy -- all interventions which have previously shown improvements in health and wellbeing -- to understand which work best and how quickly scalable they are for large populations. But to do all of this requires identifying biometric data that provide the clearest signals for addressing changes in physical and mental health -- a process that involves gathering and sifting through millions of hours of data each year.

LEMURS participants wear Oura rings that quietly collect measurements including temperature, heart rate, breathing rate, and nightly sleep duration as well as complete routine surveys to collect more subjective responses about potential stressors and their emotions. Location information is also used to calculate the exposure participants have to nature. All this data is then combed by LEMURS researchers like Mikaela Fudolig, research assistant professor of mathematics and statistics, who test specific relationships that could be used to develop health interventions. She co-authored the PLOS Digital Health paper and says there is power in the study's numbers.

Initially, 600 first-year students aged 18 to 20 enrolled in LEMURS. A second cohort of first-year students was added in fall 2023 with a goal of following these individuals through college and far into the future.

"We have been tracking the same students for almost two years now, and there are very few studies that do that," says Fudolig, research assistant professor of mathematics and statistics, who co-authored the PLOS Digital Health paper and says there is power in the study's numbers. "We have several sources of data. Taking these all together -- your ring data, your survey data, your nature-dose data, we also have blood work done -- we will see a lot of different dimensions from these participants. So, combining them is, to me, the most exciting thing of it all."

These potential predictors of stress led to a sleep analysis of LEMURS participants by Fudolig which detected two distinct heart rate curves, particularly among women. We find that those who reported an impairment in their daily life due to anxiety or depression had heart rates that dropped later in the night, she explains.

"A high burden of stress"

The COVID-19 pandemic worsened mental health problems for an already vulnerable population. In the decade before COVID, the Center for Disease Control and Prevention found the percentage of high school students nationwide experiencing persistent feelings of sadness or hopelessness jumped from 26.1 percent to 36.7 percent. The CDC's 2021 Youth Risk Behavior Survey showed another jump -- 42 percent of students reported feeling persistently sad.




This is one reason Danforth and Bloomfield launched LEMURS in the first place.

"There is a high burden of stress in this population," Bloomfield says, "College is seen as a very carefree period of time where you are coming into your own, but it's also a period with a lot of transition and a lot of additional stressors. There needs to be better, accessible support systems for young adults during this time.

She wasn't surprised to learn that perceived stress scores of LEMURS participants were high -- 64% of responses were considered moderate-to-highly stressed. These are personal assessments of how individuals feel about problems they encounter and their ability to manage them and responses vary depending on one's life experiences, personality, support, and coping skills. Part of the challenge with interpreting stress signals using biometric data is figuring out when deviations from someone's baseline are problematic and concerning, Bloomfield explains.

"This is a resilient population, they are young and healthy," she continues. "But I think this study is bringing to light important issues facing this population. The ultimate goal with our research is that you can help support people in times of decreased mental health or physical health status."

Additional UVM researchers involved in this study include Julia Kim, Jordan Llorin, Juniper Lovato, Matt Price, Taylor H. Ricketts, Peter Sheridan Dodds, Kathryn Stanton, and Christopher M. Danforth, working with Ellen McGinnis and Ryan McGinnis (Wake Forest University). This is the first peer-reviewed paper from UVM's Lived Experience Measured Using Rings Study, a longitudinal investigation using wearable technologies to detect and incentivize positive changes in physical and mental health. The study is funded by a grant from MassMutual.
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Beautiful nebula, violent history: Clash of stars solves stellar mystery | ScienceDaily
When astronomers looked at a stellar pair at the heart of a stunning cloud of gas and dust, they were in for a surprise. Star pairs are typically very similar, like twins, but in HD 148937, one star appears younger and, unlike the other, is magnetic. New data from the European Southern Observatory (ESO) suggest there were originally three stars in the system, until two of them clashed and merged. This violent event created the surrounding cloud and forever altered the system's fate.


						
"When doing background reading, I was struck by how special this system seemed," says Abigail Frost, an astronomer at ESO in Chile and lead author of the study published today in Science. The system, HD 148937, is located about 3800 light-years away from Earth in the direction of the Norma constellation. It is made up of two stars much more massive than the Sun and surrounded by a beautiful nebula, a cloud of gas and dust. "A nebula surrounding two massive stars is a rarity, and it really made us feel like something cool had to have happened in this system. When looking at the data, the coolness only increased."

"After a detailed analysis, we could determine that the more massive star appears much younger than its companion, which doesn't make any sense since they should have formed at the same time!" Frost says. The age difference -- one star appears to be at least 1.5 million years younger than the other -- suggests something must have rejuvenated the more massive star.

Another piece of the puzzle is the nebula surrounding the stars, known as NGC 6164/6165. It is 7500 years old, hundreds of times younger than both stars. The nebula also shows very high amounts of nitrogen, carbon and oxygen. This is surprising as these elements are normally expected deep inside a star, not outside; it is as if some violent event had set them free.

To unravel the mystery, the team assembled nine years' worth of data from the PIONIER and GRAVITY instruments, both on ESO's Very Large Telescope Interferometer (VLTI), located in Chile's Atacama Desert. They also used archival data from the FEROS instrument at ESO's La Silla Observatory.

"We think this system had at least three stars originally; two of them had to be close together at one point in the orbit whilst another star was much more distant," explains Hugues Sana, a professor at KU Leuven in Belgium and the principal investigator of the observations. "The two inner stars merged in a violent manner, creating a magnetic star and throwing out some material, which created the nebula. The more distant star formed a new orbit with the newly merged, now-magnetic star, creating the binary we see today at the centre of the nebula."

"The merger scenario was already in my head back in 2017 when I studied nebula observations obtained with the European Space Agency's Herschel Space Telescope," adds co-author Laurent Mahy, currently a senior researcher at the Royal Observatory of Belgium. "Finding an age discrepancy between the stars suggests that this scenario is the most plausible one and it was only possible to show it with the new ESO data."

This scenario also explains why one of the stars in the system is magnetic and the other is not -- another peculiar feature of HD 148937 spotted in the VLTI data.

At the same time, it helps solve a long-standing mystery in astronomy: how massive stars get their magnetic fields. While magnetic fields are a common feature of low-mass stars like our Sun, more massive stars cannot sustain magnetic fields in the same way. Yet some massive stars are indeed magnetic.

Astronomers had suspected for some time that massive stars could acquire magnetic fields when two stars merge. But this is the first time researchers find such direct evidence of this happening. In the case of HD 148937, the merger must have happened recently. "Magnetism in massive stars isn't expected to last very long compared to the lifetime of the star, so it seems we have observed this rare event very soon after it happened," Frost adds.
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        First evidence of human occupation in lava tube cave in Saudi Arabia
        New research has highlighted an area in Arabia that once acted as a key point for cultural exchanges and trades amongst ancient people -- and it all took place in vast caves and lava tubes that have remained largely untapped reservoirs of archaeological abundance in Arabia. Through meticulous excavation and analysis, the international team uncovered a wealth of evidence at Umm Jirsan, spanning from the Neolithic to the Chalcolithic/Bronze Age periods (~10,000-3,500 years ago).

      

      
        Paleontologists unearth what may be the largest known marine reptile
        The fossilized remains of a second gigantic jawbone measuring more than two meters long has been found on a beach in Somerset, UK.

      

      
        New class of antimicrobials discovered in soil bacteria
        Researchers have discovered toxic protein particles, shaped like umbrellas, that soil bacteria known as Streptomyces secrete to squelch competitors in their crowded microbial communities, especially others of their own species. What makes these newly detected antibacterial toxins different is that, unlike the Streptomyces' small-molecule antibiotics, umbrella toxins are large complexes composed of multiple proteins. They are also far more specific in the bacteria they target. They tend to go afte...

      

      
        38 trillion dollars in damages each year: World economy already committed to income reduction of 19 % due to climate change
        Even if CO2 emissions were to be drastically cut down starting today, the world economy is already committed to an income reduction of 19% until 2050 due to climate change, a new study finds. These damages are six times larger than the mitigation costs needed to limit global warming to two degrees. Based on empirical data from more than 1,600 regions worldwide over the past 40 years, scientists assessed future impacts of changing climatic conditions on economic growth and their persistence.

      

      
        Understanding climate warming impacts on carbon release from the tundra
        The warming climate shifts the dynamics of tundra environments and makes them release trapped carbon, according to a new study published in Nature. These changes could transform tundras from carbon sinks into a carbon source, exacerbating the effects of climate change.

      

      
        Substantial global cost of climate inaction
        Pioneering study reveals that limiting global warming to 1.5 degrees Celsius could reduce the global economic costs of climate change by two thirds. If warming continues to 3 degrees Celsius, global GDP will decrease by up to 10 percent -- with the worst impacts in less developed countries.

      

      
        Dog attacks on mountain tapirs highlight a growing threat to endangered wildlife
        Researchers who captured footage of dog attacks on endangered mountain tapirs in Colombia are calling for action to protect threatened wildlife.

      

      
        A better view with new mid-infrared nanoscopy
        A team has constructed an improved mid-infrared microscope, enabling them to see the structures inside living bacteria at the nanometer scale. Mid-infrared microscopy is typically limited by its low resolution, especially when compared to other microscopy techniques. This latest development produced images at 120 nanometers, which the researchers say is a thirtyfold improvement on the resolution of typical mid-infrared microscopes. Being able to view samples more clearly at this smaller scale can...

      

      
        Interspecies competition led to even more forms of ancient human -- defying evolutionary trends in vertebrates
        Competition between species played a major role in the rise and fall of hominins -- and produced a 'bizarre' evolutionary pattern for the Homo lineage -- according to a new study that revises the start and end dates for many of our early ancestors.

      

      
        E-tongue can detect white wine spoilage before humans can
        While the electronic tongue bears little physical resemblance to its namesake, the strand-like sensory probes of the 'e-tongue' still outperformed human senses when detecting contaminated wine in a recent study. In a recent experiment, the e-tongue identified signs of microorganisms in white wine within a week after contamination -- four weeks before a human panel noticed the change in aroma. This was also before those microbes could be grown from the wine in a petri-dish. Winemakers traditionall...

      

      
        Unique field study shows how climate change affects fire-impacted forests
        During the unusually dry year of 2018, Sweden was hit by numerous forest fires. A research team has investigated how climate change affects recently burnt boreal forests and their ability to absorb carbon dioxide.

      

      
        Paradox of extreme cold events in a warming world
        The Warm Arctic-Cold Continent (WACC) phenomenon is the puzzling combination of Arctic warming and extreme coldness in specific mid-latitude regions. However, the progression of WACC events remains unclear amidst global warming. Scientists have now predicted a sharp decline in the WACC phenomenon post-2030s, affecting extreme weather events. These findings offer critical insights for communities, scientists, and policymakers to refine climate models and strategies and battle climate change.

      

      
        Study finds iron-rich enamel protects, but doesn't color, rodents' orange-brown incisors
        Chattering squirrels, charming coypus, and tail-slapping beavers -- along with some other rodents -- have orange-brown front teeth. Researchers have produced high-resolution images of rodent incisors, providing an atomic-level view of the teeth's ingenious enamel and its coating. They discovered tiny pockets of iron-rich materials in the enamel that form a protective shield for the teeth but, importantly, don't contribute to the orange-brown hue -- new insights that could improve human dentistry.

      

      
        Copper beads in pig feed reshape swine gut microbiome
        Copper is a natural antimicrobial material that, when added to pig feed, may promote the growth and health of the animals. Since pigs can tolerate high levels of the metal, researchers recently investigated whether copper might be used to promote their gut health and reduce the shedding of microbes to the environment.

      

      
        Tracking a protein's fleeting shape changes
        Researchers have developed a powerful, new technique to generate 'movies' of changing protein structures and speeds of up to 50 frames per second.

      

      
        Research explores how a father's diet could shape the health of his offspring
        A mice study suggests a father's diet may shape the anxiety of his sons and the metabolic health of his daughters before they are even conceived.

      

      
        Making crops colorful for easier weeding
        To make weeding easier, scientists suggest bioengineering crops to be colorful or to have differently shaped leaves so that they can be more easily distinguished from their wild and weedy counterparts. This could involve altering the crops' genomes so that they express pigments that are already produced by many plants, for example, anthocyanins, which make blueberries blue, or carotenoids, which make carrots orange. Then, they say, weeding robots could be trained to remove only the weeds using ma...

      

      
        Storks fly with a little help from their friends
        All storks choose to migrate with conspecifics, but young storks rely more on social influences than adults do.

      

      
        Researchers uncover human DNA repair by nuclear metamorphosis
        Researchers have discovered a DNA repair mechanism that advances understanding of how human cells stay healthy, and which could lead to new treatments for cancer and premature aging.

      

      
        Coral reef microbes point to new way to assess ecosystem health
        A new study shows that ocean acidification is changing the mix of microbes in coral reef systems, which can be used to assess ecosystem health.

      

      
        Reproductive success improves after a single generation in the wild for descendants of some hatchery-origin Chinook salmon
        Researchers who created 'family trees' for nearly 10,000 fish found that first-generation, wild-born descendants of hatchery-origin Chinook salmon in an Oregon river show improved fitness.

      

      
        Researchers shine light on rapid changes in Arctic and boreal ecosystems
        Arctic and boreal latitudes are warming faster than any other region on Earth.

      

      
        Trash to treasure -- researchers turn metal waste into catalyst for hydrogen
        Scientists have found a way to transform metal waste into a highly efficient catalyst to make hydrogen from water, a discovery that could make hydrogen production more sustainable.

      

      
        CO2 worsens wildfires by helping plants grow
        By fueling the growth of plants that become kindling, carbon dioxide is driving an increase in the severity and frequency of wildfires, according to a new study.

      

      
        Huge database gives insight into salmon patterns at sea
        A massive new analysis of high seas salmon surveys is enhancing the understanding of salmon ecology, adding details about where various species congregate in the North Pacific Ocean and their different temperature tolerances. The project integrates numerous international salmon studies from the North Pacific dating back to the 1950s.

      

      
        Real-time detection of infectious disease viruses by searching for molecular fingerprinting
        Researchers develop breakthrough technology for wide-ranging and ultra-sensitive active nano-spectral sensor, surpassing current limitations.

      

      
        Older males out-compete young males outside breeding pairs, bird study shows
        Young male blue tits are less successful in fathering offspring outside their breeding pair, not because of a lack of experience, but because they are outcompeted by older males, researchers report.

      

      
        Fires pose growing worldwide threat to wildland-urban interface
        Fires that devastate wildland-urban interface areas are becoming more common around the globe, a trend that is likely to continue for at least the next two decades, new research finds. Such fires are especially dangerous, both because they imperil large numbers of people and because they emit far more toxins than forest and grassland fires.

      

      
        New tagging method provides bioadhesive interface for marine sensors on diverse, soft, and fragile species
        Tagging marine animals with sensors to track their movements and ocean conditions can provide important environmental and behavioral information. Existing techniques to attach sensors currently largely rely on invasive physical anchors, suction cups, and rigid glues. While these techniques can be effective for tracking marine animals with hard exoskeletons and large animals such as sharks, individuals can incur physiological and metabolic stress during the tagging process, which can affect the qu...

      

      
        Plastic pollution can kill variety of ocean embryos
        High levels of plastic pollution can kill the embryos of a wide range of ocean animals, new research shows.

      

      
        Yellowstone Lake ice cover unchanged despite warming climate
        While most lakes around the world are experiencing shorter durations of ice cover, the length of time that Yellowstone Lake is covered by ice each year has not changed in the past century, possibly due to increased snowfall.

      

      
        Florida Wildlife Corridor eases worst impacts of climate change
        Florida is projected to lose 3.5 million acres of land to development by 2070. A new study highlights how Florida can buffer itself against both climate change and population pressures by conserving the remaining 8 million acres of 'opportunity areas' within the Florida Wildlife Corridor (FLWC), the only designated statewide corridor in the U.S. Interactions between the FLWC and climate change had not been previously examined until now. Findings show substantial climate resilience benefits from t...

      

      
        Seed ferns: Plants experimented with complex leaf vein networks 201 million years ago
        According to a research team led by palaeontologists, the net-like leaf veining typical for today's flowering plants developed much earlier than previously thought, but died out again several times. Using new methods, the fossilized plant Furcula granulifer was identified as such an early forerunner. The leaves of this seed fern species already exhibited the net-like veining in the late Triassic (around 201 million years ago).

      

      
        Health behaviors accumulate and remain relatively stable throughout middle adulthood
        According to a recent study, either healthier or unhealthier health behaviors cluster among individuals. These health behavior patterns remain relatively stable in middle adulthood and are predicted by several sociodemographic and personality characteristics.

      

      
        Biodiversity is key to the mental health benefits of nature
        New research has found that spaces with a diverse range of natural features are associated with stronger improvements in our mental wellbeing compared to spaces with less natural diversity.

      

      
        A single atom layer of gold: Researchers create goldene
        For the first time, scientists have managed to create sheets of gold only a single atom layer thick. The material has been termed goldene. According to researchers, this has given the gold new properties that can make it suitable for use in applications such as carbon dioxide conversion, hydrogen production, and production of value-added chemicals.

      

      
        Most countries struggle to meet climate pledges from 2009
        Nineteen out of 34 countries surveyed failed to fully meet their 2020 climate commitments set 15 years ago in Copenhagen, according to a new study by UCL researchers.

      

      
        Twisted pollen tubes induce infertility
        Plants with multiple sets of chromosomes, known as polyploids, are salt-tolerant or drought-resistant and often achieve higher yields. However, newly formed polyploid plants are often sterile or have reduced fertility and are unsuitable for breeding resistant lines. The reason is that the pollen tube in these plants grows incorrectly, which keeps fertilization from taking place. Pollen tube growth is mainly controlled by two genes that could be useful in crop breeding.

      

      
        'One ring to rule them all': How actin filaments are assembled by formins
        Researchers have visualized at the molecular level how formins bind to the ends of actin filaments. This allowed them to uncover how formins mediate the addition of new actin molecules to a growing filament. Furthermore, the scientists elucidated the reasons for the different speeds at which the different formins promote this process.

      

      
        Researchers can help shipowners achieve ambitious climate targets
        International shipping does not want to be a climate bad guy and is aiming to be emission-free by 2050. A new tool can help shipowners who are searching for green solutions.

      

      
        Take it from the rats:  A junk food diet can cause long-term damage to adolescent brains
        A study on the effects of a junk food diet on rats reinforces scientific understanding about the gut-brain connection.

      

      
        Can animals count?
        Researchers have made a groundbreaking discovery regarding number sense in animals by confirming the existence of discrete number sense in rats, offering a crucial animal model for investigating the neural basis of numerical ability and disability in humans.

      

      
        Hidden threat: Global underground infrastructure vulnerable to sea-level rise
        As sea levels rise, coastal groundwater is lifted closer to the ground surface while also becoming saltier and more corrosive. A recent study compiled research from experts worldwide showing that in cities where there are complex networks of buried and partially buried infrastructure, interaction with this shallower and saltier groundwater exacerbates corrosion and failure of critical systems such as sewer lines, roadways, and building foundations.

      

      
        Unlocking the 'chain of worms'
        An international team of scientists has published a single-cell atlas for Pristina leidyi (Pristina), the water nymph worm, a segmented annelid with extraordinary regenerative abilities that has fascinated biologists for more than a century.

      

      
        Millions of gamers advance biomedical research
        4.5 million gamers around the world have advanced medical science by helping to reconstruct microbial evolutionary histories using a minigame included inside the critically and commercially successful video game, Borderlands 3. Their playing has led to a significantly refined estimate of the relationships of microbes in the human gut. The results of this collaboration will both substantially advance our knowledge of the microbiome and improve on the AI programs that will be used to carry out this...

      

      
        Microplastics make their way from the gut to other organs
        Researchers have found that microplastics -- are having a significant impact on our digestive pathways, making their way from the gut and into the tissues of the kidney, liver and brain.

      

      
        GeoAI technologies for sustainable urban development
        From heatwaves to pandemic diseases, the urban environments of the world face numerous challenges. Researchers are harnessing artificial intelligence (AI) and informatics to address emerging concerns related to environmental changes and urban growth.

      

      
        Digging up new species of Australia and New Guinea's giant fossil kangaroos
        Palaeontologists have described three unusual new species of giant fossil kangaroo from Australia and New Guinea, finding them more diverse in shape, range and hopping method than previously thought. The three new species are of the extinct genus Protemnodon, which lived from around 5 million to 40,000 years ago -- with one about double the size of the largest red kangaroo living today.

      

      
        Evolution's recipe book: How 'copy paste' errors cooked up the animal kingdom
        A series of whole genome and gene duplication events that go back hundreds of millions of years have laid the foundations for tissue-specific gene expression, according to a new study. The 'copy-paste' errors allowed animals to keep one copy of their genome or genes for fundamental functions, while the second copy could be used as raw material for evolutionary innovation. Events like these, at varying degrees of scale, occurred constantly throughout the bilaterian evolutionary tree and enabled tr...

      

      
        Switch to green wastewater infrastructure could reduce emissions and provide huge savings according to new research
        Researchers have shown that a transition to green wastewater-treatment approaches in the U.S. that leverages the potential of carbon-financing could save a staggering $15.6 billion and just under 30 million tons of CO2-equivalent emissions over 40 years.
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First evidence of human occupation in lava tube cave in Saudi Arabia | ScienceDaily
Recent strides in interdisciplinary archaeological research in Arabia have unveiled new insights into the evolution and historical development of regional human populations, as well as the dynamic patterns of cultural change, migration, and adaptation to environmental fluctuations.


						
Despite the challenges posed by limited preservation of archaeological assemblages and organic remains in arid environments, these discoveries are reshaping our understanding of the region's rich cultural heritage.

One such breakthrough led by Griffith University's Australian Research Centre for Human Evolution (ARCHE), in collaboration with international partners, comes from the exploration of underground settings, including caves and lava tubes, which have remained largely untapped reservoirs of archaeological abundance in Arabia.

Through meticulous excavation and analysis, researchers have uncovered a wealth of evidence at Umm Jirsan, spanning from the Neolithic to the Chalcolithic/Bronze Age periods (~10,000-3,500 years ago).

"Our findings at Umm Jirsan provide a rare glimpse into the lives of ancient peoples in Arabia, revealing repeated phases of human occupation and shedding light on the pastoralist activities that once thrived in this landscape," said Dr Mathew Stewart, the lead researcher and a Research Fellow at ARCHE.

"This site likely served as a crucial waypoint along pastoral routes, linking key oases and facilitating cultural exchange and trade."

Rock art and faunal records attest to the pastoralist use of the lava tube and surrounding areas, painting a vivid picture of ancient lifeways.




Depictions of cattle, sheep, goat and dogs corroborate the prehistoric livestock practices and herd composition of the region.

Isotopic analysis of animal remains indicates that livestock primarily grazed on wild grasses and shrubs, while humans maintained a diet rich in protein, with a notable increase in the consumption of C3 plants over time, suggesting the emergence of oasis agriculture.

"While underground localities are globally significant in archaeology and Quaternary science, our research represents the first comprehensive study of its kind in Saudi Arabia," added Professor Michael Petraglia, Director of ARCHE.

"These findings underscore the immense potential for interdisciplinary investigations in caves and lava tubes, offering a unique window into Arabia's ancient past."

The research at Umm Jirsan underscores the importance of collaborative, multidisciplinary approaches to archaeological inquiry and highlights the significance of Arabia's archaeological heritage on the global stage.

Researchers involved in this study work in close partnership with the Heritage Commission, Saudi Ministry of Culture, and the Saudi Geological Survey. Additional partners include King Saud University and key institutions in the UK, the USA, and Germany.
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Paleontologists unearth what may be the largest known marine reptile | ScienceDaily
The fossilised remains of a second gigantic jawbone measuring more than two metres long has been found on a beach in Somerset, UK.


						
Experts have identified the bones as belonging to the jaws of a new species of enormous ichthyosaur, a type of prehistoric marine reptile. Estimates suggest the oceanic titan would have been more than 25 metres long.

Father and daughter, Justin and Ruby Reynolds from Braunton, Devon, found the first pieces of the second jawbone to be found in May 2020, while searching for fossils on the beach at Blue Anchor, Somerset. Ruby, then aged 11, found the first chunk of giant bone before searching together for additional pieces.

Realising they had discovered something significant, they contacted leading ichthyosaur expert, Dr Dean Lomax, a palaeontologist at The University of Manchester. Dr Lomax, who is also a 1851 Research Fellow at the University of Bristol, contacted Paul de la Salle, a seasoned fossil collector who had found the first giant jawbone in May 2016 from further along the coast at Lilstock.

Dr Dean Lomax said: "I was amazed by the find. In 2018, my team (including Paul de la Salle) studied and described Paul's giant jawbone and we had hoped that one day another would come to light. This new specimen is more complete, better preserved, and shows that we now have two of these giant bones -- called a surangular -- that have a unique shape and structure. I became very excited, to say the least."

Justin and Ruby, together with Paul, Dr Lomax, and several family members, visited the site to hunt for more pieces of this rare discovery. Over time, the team found additional pieces of the same jaw which fit together perfectly, like a multimillion-year-old jigsaw.

Justin said: "When Ruby and I found the first two pieces we were very excited as we realised that this was something important and unusual. When I found the back part of the jaw, I was thrilled because that is one of the defining parts of Paul's earlier discovery."

The last piece of bone was recovered in October 2022.




The research team, led by Dr Lomax, revealed that the jaw bones belong to a new species of giant ichthyosaur that would have been about the size of a blue whale. Comparing the two examples of the same bone with the same unique features from the same geologic time zone supports their identifications.

The team have called the new genus and species Ichthyotitan severnensis, meaning "giant fish lizard of the Severn."

The bones are around 202 million years old, dating to the end of the Triassic Period in a time known as the Rhaetian. During this time, the gigantic ichthyosaurs swam the seas while the dinosaurs walked on land. It was the titans' final chapter, however -- as the story told in the rocks above these fossils record a cataclysm known as the Late Triassic global mass extinction event. After this time, giant ichthyosaurs from the family known as Shastasauridae go extinct. Today, these bones represent the very last of their kind.

Ichthyotitan is not the world's first giant ichthyosaur, but de la Salles' and Reynolds' discoveries are unique among those known to science. These two bones appear roughly 13 million years after their latest geologic relatives, including Shonisaurus sikanniensis from British Columbia, Canada, and Himalayasaurus tibetensis from Tibet, China.

Dr Lomax added: "I was highly impressed that Ruby and Justin correctly identified the discovery as another enormous jawbone from an ichthyosaur. They recognised that it matched the one we described in 2018. I asked them whether they would like to join my team to study and describe this fossil, including naming it. They jumped at the chance. For Ruby, especially, she is now a published scientist who not only found but also helped to name a type of gigantic prehistoric reptile. There are probably not many 15-year-olds who can say that! A Mary Anning in the making, perhaps."

Ruby said: "It was so cool to discover part of this gigantic ichthyosaur. I am very proud to have played a part in a scientific discovery like this."

Further examinations of the bones' internal structures have been carried out by master's student, Marcello Perillo, from the University of Bonn, Germany. His work confirmed the ichthyosaur origin of the bones and revealed that the animal was still growing at the time of death.




He said: "We could confirm the unique set of histological characters typical of giant ichthyosaur lower jaws: the anomalous periosteal growth of these bones hints at yet to be understood bone developmental strategies, now lost in the deep time, that likely allowed late Triassic ichthyosaurs to reach the known biological limits of vertebrates in terms of size. So much about these giants is still shrouded by mystery, but one fossil at a time we will be able to unravel their secret."

Concluding the work, Paul de la Salle added: "To think that my discovery in 2016 would spark so much interest in these enormous creatures fills me with joy. When I found the first jawbone, I knew it was something special. To have a second that confirms our findings is incredible. I am overjoyed."

The new research has been published today in the open access journal PLOS ONE.

Ruby, Justin and Paul's discoveries will soon go on display at the Bristol Museum and Art Gallery.

Lomax said: "This research has been ongoing for almost eight years. It is quite remarkable to think that gigantic, blue whale-sized ichthyosaurs were swimming in the oceans around what was the UK during the Triassic Period. These jawbones provide tantalising evidence that perhaps one day a complete skull or skeleton of one of these giants might be found. You never know."
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New class of antimicrobials discovered in soil bacteria | ScienceDaily
Researchers have discovered toxic protein particles, shaped like umbrellas, that soil bacteria known as Streptomyces secrete to squelch competitors, especially others of their own species.


						
The discovery of the umbrella toxin particles and related information about their structures, composition and mode of action were published April 17 in Nature.

The umbrella toxin proteins are the latest example of these bacteria's varied, combative strikes on their microscopic rivals. The crowded, diverse bacteria communities in which they live are a melee of antimicrobial attacks, counterattacks and defenses.

Ironically, many clinically used antibiotics are derived directly from, or are inspired by, molecules that bacteria use against each other in their natural habitat. Streptomyces' chemical weaponry against their competitors is one of the richest sources of such molecules. Among them is the common, broad-spectrum drug streptomycin.

What makes these newly detected antibacterial toxins different is that, unlike the Streptomyces' small-molecule antibiotics, umbrella toxins are large complexes composed of multiple proteins. They are also far more specific in the bacteria they target.

The authors of the Nature paper speculate that these properties of umbrella toxins explain why they escaped discovery for more than 100 years of research on toxins produced by Streptomyces.

Genes encoding umbrella toxins were originally uncovered through a bioinformatics search for new bacterial toxins. In biochemical and genetic experiments led by Qinqin Zhao in Joseph Mougous' microbiology lab at the University of Washington School of Medicine, the scientists learned that these toxins associate with other proteins in a large complex.




Cryo-electron microscopy of these protein complexes was performed by Young Park in the laboratory of David Veesler, professor of biochemistry at the UW School of Medicine and an investigator of the Howard Hughes Medical Institute.

These studies revealed that the toxin complexes Qinqin isolated adopt a striking appearance befitting their discovery in Seattle. They look like umbrellas.

"The shape of these particles is quite peculiar, and it will be interesting in future work to learn how their unusual morphology helps them eliminate target bacteria," noted Mougous, a professor of microbiology at the UW School of Medicine and a Howard Hughes Medical Institute investigator.

The scientists then sought to determine the targets of these toxins by screening their effects on every organism they could conceivably target, from fungi to 140 different bacteria, including some taken from sorghum plants in the lab of study author Devin Coleman at the University of California-Berkeley and the U.S. Department of Agriculture Agricultural Research Service. .

Among these potential adversaries, the toxins specifically targeted their own brethren: other Streptomyces species.

"We think this exquisite specificity may be due to the proteins that make up the spokes of the umbrella, which vary across the particles. These include proteins that might latch onto specific sugars found on the surface of competitor bacteria," commented study author S. Brook Peterson, a senior scientist in the Mougous lab.

By analyzing the thousands of publicly available bacterial genomes, study authors Dapeng Zhang of St. Louis University and his graduate student Youngjun Tan found that many other species of bacteria also have the genes to manufacture umbrella particle toxins. Interestingly, these species all form branching filaments, an unusual mode of growth among bacteria.

In addition to the many questions remaining to be answered about the basic biology of umbrella toxin particles, Mougous and his colleagues are intrigued by their potential clinical applications.

They suspect that the bacteria that cause tuberculosis and diphtheria may be sensitive to umbrella toxins. They note these same bacteria have become resistant to traditional antibiotics. Umbrella toxin particles might be worth exploring, the scientists suggested, for their potential to subdue these serious disease-causing bacteria.
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38 trillion dollars in damages each year: World economy already committed to income reduction of 19 % due to climate change | ScienceDaily

"Strong income reductions are projected for the majority of regions, including North America and Europe, with South Asia and Africa being most strongly affected. These are caused by the impact of climate change on various aspects that are relevant for economic growth such as agricultural yields, labour productivity or infrastructure," says PIK scientist and first author of the study Maximilian Kotz. Overall, global annual damages are estimated to be at 38 trillion dollars, with a likely range of 19-59 trillion dollars in 2050. These damages mainly result from rising temperatures but also from changes in rainfall and temperature variability. Accounting for other weather extremes such as storms or wildfires could further raise them.

Huge economic costs also for the United States and European Union 

"Our analysis shows that climate change will cause massive economic damages within the next 25 years in almost all countries around the world, also in highly-developed ones such as Germany, France and the United States," says PIK scientist Leonie Wenz who led the study. "These near-term damages are a result of our past emissions. We will need more adaptation efforts if we want to avoid at least some of them. And we have to cut down our emissions drastically and immediately -- if not, economic losses will become even bigger in the second half of the century, amounting to up to 60% on global average by 2100. This clearly shows that protecting our climate is much cheaper than not doing so, and that is without even considering non-economic impacts such as loss of life or biodiversity."

To date, global projections of economic damages caused by climate change typically focus on national impacts from average annual temperatures over long-time horizons. By including the latest empirical findings from climate impacts on economic growth in more than 1,600 subnational regions worldwide over the past 40 years and by focusing on the next 26 years, the researchers were able to project sub-national damages from temperature and rainfall changes in great detail across time and space all the while reducing the large uncertainties associated with long-term projections. The scientists combined empirical models with state-of-the-art climate simulations (CMIP-6). Importantly, they also assessed how persistently climate impacts have affected the economy in the past and took this into account as well.

Countries least responsible will suffer most

"Our study highlights the considerable inequity of climate impacts: We find damages almost everywhere, but countries in the tropics will suffer the most because they are already warmer. Further temperature increases will therefore be most harmful there. The countries least responsible for climate change, are predicted to suffer income loss that is 60% greater than the higher-income countries and 40% greater than higher-emission countries. They are also the ones with the least resources to adapt to its impacts. It is on us to decide: structural change towards a renewable energy system is needed for our security and will save us money. Staying on the path we are currently on, will lead to catastrophic consequences. The temperature of the planet can only be stabilized if we stop burning oil, gas and coal," says Anders Levermann, Head of Research Department Complexity Science at the Potsdam Institute and co-author of the study.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240417131138.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Understanding climate warming impacts on carbon release from the tundra | ScienceDaily
The warming climate shifts the dynamics of tundra environments and makes them release trapped carbon, according to a new study published in Nature. These changes could transform tundras from carbon sinks into a carbon source, exacerbating the effects of climate change.


						
A team of over 70 scientists from different countries used so called open-top chambers (OTCs) to experimentally simulate the effects of warming on 28 tundra sites around the world. OTCs basically serve as mini-greenhouses, blocking wind and trapping heat to create local warming.

The warming experiments led to a 1.4 degrees Celsius increase in air temperature and a 0.4 degrees increase in soil temperature, along with a 1.6 percent drop in soil moisture. These changes boosted ecosystem respiration by 30 percent during the growing season, causing more carbon to be released because of increased metabolic activity in soil and plants. The changes persisted for at least 25 years after the start of the experimental warming -- which earlier studies hadn't revealed.

"We knew from earlier studies that we were likely to find an increase in respiration with warming, but we found a remarkable increase -- nearly four times greater than previously estimated, though it varied with time and location," says Sybryn Maes of Umea University, the study's lead author.

The increase in ecosystem respiration also varied with local soil conditions, such as nitrogen and pH levels. This means that differences in soil conditions and other factors lead to geographic differences in the response -- some regions will see more carbon release than others. Understanding the links between soil conditions and respiration in response to warming is important for creating better climate models.

"Our work represents the first assessment of ecosystem respiration response to experimental warming across such a broad environmental gradient in the tundra, incorporating a comprehensive set of environmental drivers," says Associate Professor Ellen Dorrepaal of Umea University.

The study also offers a broader perspective on Arctic and alpine regions by predicting increases in respiration across the whole tundra area together with more detailed information about variation in the sensitivity of the response.

"We see that some areas, particularly parts of Siberia and Canada, exhibit greater sensitivity to warming," says Professor Matti Kummu of Aalto University. "We anticipate an increase in respiration across the whole Arctic and alpine tundra, but more in situ data, particularly on the local soil conditions, is key to addressing the outstanding uncertainties and refining our predictions."

Understanding how ecosystems shift in response to climate change and how these changes feed back into the climate is vital to get an accurate picture of how our world will change. These findings serve as an important baseline for improved climate models, but the researchers plan to refine them further by analyzing how the experimental sites change over time and expand the experiment's scope to include new sites.
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Substantial global cost of climate inaction | ScienceDaily
Traditionally, estimates of how climate change will affect global economies have focused on the effects of annual temperature changes. However, the additional impacts of variability and extremes in rainfall and temperature have remained largely unexplored, until now. Using projections from 33 global climate models, an international research team, led by Paul Waidelich at ETH Zurich, conducted a pioneering study, published in the journal, Nature Climate Change, to quantify such impacts on gross domestic product (GDP) across the globe.


						
Revealing the additional damage of global warming

The investigative study revealed a global GDP loss of up to 10 percent if the planet warms by +3oC. Importantly, accounting for variability and extremes increases the costs of climate change around the world. "If we take into account that warmer years also come with changes in rainfall and temperature variability, it turns out that the estimated impact of spiking temperatures is worse than previously thought," explains doctoral researcher and economist Paul Waidelich. "Therefore, omitting variability and extremes risks underestimating the damage of temperature changes."

The cost of climate inaction

Stringent climate action is critical to future economic growth. Limiting global warming to 1.5oC instead of 3oC can reduce global losses from climate change by two thirds. "Our results show that the cost of climate inaction is substantial," stresses ETH Zurich professor, Sonia Seneviratne, a co-author of the study and a Vice Chair of the Intergovernmental Panel on Climate Change's Working Group I. "Some people still say that the world cannot afford rapid decarbonization, but the global economy will also suffer from the impacts of climate change."

Global warming of 3oC also increases the risk of extreme rainfall worldwide, which reduces global GDP, on average, by 0.2 percent -- which, at the current size of the global economy, would equal US$ 200 billion. Much of these costs occur in the US and in China, which, unlike warmer tropical regions, are less used to extreme rainfall. However, among the extreme events considered, heatwaves are the most impactful. The study suggests that nearly half of the global economic damage at 3oC of global warming may be related to extreme heat. Fulden Batibeniz, a postdoctoral researcher at ETH Zurich and the University of Bern explains, "Higher temperatures may seem beneficial for colder countries like Canada, but as we saw in 2021, they also bring much more severe heatwaves, which harm the economy."

Socio-economic and climatic uncertainties

However, projecting the impacts of climate variability and extremes is complex, and substantial uncertainties remain. When answering the question, "How much will climate change cost?" The research team concedes that uncertainties are primarily socio-economic: how long the impacts persist and how well can society adapt. Yet, how rainfall and climate extremes will evolve need to be better understood. Since the study does not include non-economic impacts, droughts, sea-level rise, and climate tipping points, the authors argue that the total cost of climate change is likely considerably higher.
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Dog attacks on mountain tapirs highlight a growing threat to endangered wildlife | ScienceDaily
Researchers who captured footage of dog attacks on endangered mountain tapirs in Colombia are calling for action to protect threatened wildlife.


						
Using camera traps, a team from WILD Campo Silvestre, the Tiger Cats Conservation Initiative, and the Fundacion Caipora captured images of two attacks in the Campoalegre Soil Conservation District, Santa Rosa de Cabal in a period of two months.

Domestic dogs (Canis lupus familiaris) were photographed chasing and attacking mountain tapirs (Tapirus pinchaque) in a protected area of the Central Andes. These images were subsequently published in a research paper published by the open-access journal, Neotropical Biology and Conservation.

The study offers insights into the impact of domestic dogs on wildlife, particularly on species of conservation concern such as the mountain tapir. The authors highlight the urgent need for population management and control of domestic dogs inside and around protected areas.

Conservation measures such as neutering and vaccination programs for stray and owned dogs in the vicinity of natural reserves are have been recently applied to protect the threatened clouded tiger cat (Leopardus pardinoides) in the region. The research team call for these measures to be extended to WILD Campo Alegre and surrounding lands.

"Domestic dog incursion into protected areas is a global threat to wildlife that is difficult to mitigate because of the inherent social dilemma of controlling dog populations," says Juan Camilo Cepeda-Duque, lead author of the study.

"Dogs can contribute to the extinction of vertebrate species, can imbalance the trophic dynamics amongst predator guilds and even have the potential to collapse entire ecological communities," he continues.

The mountain tapir is an emblematic herbivore of the Andean cloud forest, globally classified as 'Endangered' according to the IUCN Red List due to habitat loss and poaching. The presence and aggressive behaviour of domestic dogs not only threaten the physical wellbeing of these tapirs but also their reproductive performance, foraging efficiency, and overall population health due to increased stress, potential for disease transmission, and alterations in habitat use.

The research team highlight that their observations are not isolated cases, as locals previously reported the same dogs chasing and attacking mountain tapirs and cattle. Additionally, no detection of juvenile mountain tapirs was obtained in the survey.

A new protected area in the northern extreme of the Campoalegre Soil Conservation District has been established by the NGO WILD Nature Foundation, particularly with the target of protecting the habitat of mountain tapirs and the last remnant populations of the fuerte's parrot (Hapalopsittaca fuertesi) in the region. Currently, the reserve is carrying out an unprecedented restoration program, planting thousands of trees to recover the land once cleared for the establishment of cattle ranching.
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A better view with new mid-infrared nanoscopy | ScienceDaily
A team at the University of Tokyo have constructed an improved mid-infrared microscope, enabling them to see the structures inside living bacteria at the nanometer scale. Mid-infrared microscopy is typically limited by its low resolution, especially when compared to other microscopy techniques. This latest development produced images at 120 nanometers, which the researchers say is a thirtyfold improvement on the resolution of typical mid-infrared microscopes. Being able to view samples more clearly at this smaller scale can aid multiple fields of research, including into infectious diseases, and opens the way for developing even more accurate mid-infrared-based imaging in the future.


						
The microscopic realm is where viruses, proteins and molecules dwell. Thanks to modern microscopes, we can venture down to see the inner workings of our very own cells. But even these impressive tools have limitations. For example, super-resolution fluorescent microscopes require specimens to be labeled with fluorescence. This can sometimes be toxic to samples and extended light exposure while viewing can bleach samples, meaning they are no longer useful. Electron microscopes can also provide very impressive details, but samples must be placed in a vacuum, so live samples cannot be studied.

By comparison, mid-infrared microscopy can provide both chemical and structural information about live cells, without needing to color or damage them. However, its use has been limited in biological research because of its comparatively low resolution capability. While super-resolution fluorescent microscopy can narrow down images to tens of nanometers (1 nanometer being one-millionth of a millimeter), mid-infrared microscopy can typically only achieve around 3 microns (1 micron being one-thousandth of a millimeter).

However, in a new breakthrough, researchers at the University of Tokyo have attained a higher resolution of mid-infrared microscopy than ever before. "We achieved a spatial resolution of 120 nanometers, that is, 0.12 microns. This amazing resolution is roughly 30 times better than that of conventional mid-infrared microscopy," explained Professor Takuro Ideguchi from the Institute for Photon Science and Technology at the University of Tokyo.

The team used a "synthetic aperture," a technique combining several images taken from different illuminated angles to create a clearer overall picture. Typically, a sample is sandwiched between two lenses. The lenses, however, inadvertently absorb some of the mid-infrared light. They solved this issue by placing a sample, bacteria (E. coli and Rhodococcus jostii RHA1 were used), on a silicon plate which reflected visible light and transmitted infrared light. This allowed the researchers to use a single lens, enabling them to better illuminate the sample with the mid-infrared light and get a more detailed image.

"We were surprised at how clearly we could observe the intracellular structures of bacteria. The high spatial resolution of our microscope could allow us to study, for example, antimicrobial resistance, which is a worldwide issue," said Ideguchi. "We believe we can continue to improve the technique in various directions. If we use a better lens and a shorter wavelength of visible light, the spatial resolution could even be below 100 nanometers. With superior clarity, we would like to study various cell samples to tackle fundamental and applied biomedical problems."
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Interspecies competition led to even more forms of ancient human -- defying evolutionary trends in vertebrates | ScienceDaily
Competition between species played a major role in the rise and fall of hominins -- and produced a "bizarre" evolutionary pattern for the Homo lineage -- according to a new University of Cambridge study that revises the start and end dates for many of our early ancestors.


						
Conventionally, climate is held responsible for the emergence and extinction of hominin species. In most vertebrates, however, interspecies competition is known to play an important role.

Now, research shows for the first time that competition was fundamental to "speciation" -- the rate at which new species emerge -- across five million years of hominin evolution.

The study, published today in Nature Ecology & Evolution, also suggests that the species formation pattern of our own lineage was unlike almost anything else.

"We have been ignoring the way competition between species has shaped our own evolutionary tree," said lead author Dr Laura van Holstein, a University of Cambridge biological anthropologist from Clare College. "The effect of climate on hominin species is only part of the story."

In other vertebrates, species form to fill ecological "niches" says van Holstein. Take Darwin's finches: some evolved large beaks for nut-cracking, while others evolved small beaks for feeding on certain insects. When each resource niche gets filled, competition kicks in, so no new finches emerge and extinctions take over.

Van Holstein used Bayesian modelling and phylogenetic analyses to show that, like other vertebrates, most hominin species formed when competition for resources or space were low.




"The pattern we see across many early hominins is similar to all other mammals. Speciation rates increase and then flatline, at which point extinction rates start to increase. This suggests that interspecies competition was a major evolutionary factor."

However, when van Holstein analysed our own group, Homo, the findings were "bizarre."

For the Homo lineage that led to modern humans, evolutionary patterns suggest that competition between species actually resulted in the appearance of even more new species -- a complete reversal of the trend seen in almost all other vertebrates.

"The more species of Homo there were, the higher the rate of speciation. So when those niches got filled, something drove even more species to emerge. This is almost unparalleled in evolutionary science."

The closest comparison she could find was in beetle species that live on islands, where contained ecosystems can produce unusual evolutionary trends.

"The patterns of evolution we see across species of Homo that led directly to modern humans is closer to those of island-dwelling beetles than other primates, or even any other mammal."

Recent decades have seen the discovery of several new hominin species, from Australopithecus sediba to Homo floresiensis. Van Holstein created a new database of "occurrences" in the hominin fossil record: each time an example of a species was found and dated, around 385 in total.




Fossils can be an unreliable measure of species' lifetimes. "The earliest fossil we find will not be the earliest members of a species," said van Holstein.

"How well an organism fossilises depends on geology, and on climatic conditions: whether it is hot or dry or damp. With research efforts concentrated in certain parts of the world, and we might well have missed younger or older fossils of a species as a result."

Van Holstein used data modelling to address this problem, and factor in likely numbers of each species at the beginning and end of their existence, as well as environmental factors on fossilisation, to generate new start and end dates for most known hominin species (17 in total).

She found that some species thought to have evolved through "anagenesis" -- when one slowly turns into another, but lineage doesn't split -- may have actually "budded": when a new species branches off from an existing one.*

This meant that several more hominin species than previously assumed were co-existing, and so possibly competing.

While early species of hominins, such as Paranthropus, probably evolved physiologically to expand their niche -- adapting teeth to exploit new types of food, for example -- the driver of the very different pattern in our own genus Homo may well have been technology.

"Adoption of stone tools or fire, or intensive hunting techniques, are extremely flexible behaviours. A species that can harness them can quickly carve out new niches, and doesn't have to survive vast tracts of time while evolving new body plans," said van Holstein

She argues that an ability to use technology to generalise, and rapidly go beyond ecological niches that force other species to compete for habitat and resources, may be behind the exponential increase in the number of Homo species detected by the latest study.

But it also led to Homo sapiens -- the ultimate generalisers. And competition with an extremely flexible generalist in almost every ecological niche may be what contributed to the extinction of all other Homo species.

Added van Holstein: "These results show that, although it has been conventionally ignored, competition played an important role in human evolution overall. Perhaps most interestingly, in our own genus it played a role unlike that across any other vertebrate lineage known so far."

Notes: *For example, the hominin species Australopithecus afarensis was believed to have speciated via anagenesis from Australopithecus anamensis. However, the new data modelling suggests they overlapped by around half a million years.
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E-tongue can detect white wine spoilage before humans can | ScienceDaily
While the electronic tongue bears little physical resemblance to its namesake, the strand-like sensory probes of the "e-tongue" still outperformed human senses when detecting contaminated wine in a recent study.


						
In an experiment at Washington State University, the e-tongue identified signs of microorganisms in white wine within a week after contamination -- four weeks before a human panel noticed the change in aroma. This was also before those microbes could be grown from the wine in a petri-dish. Winemakers traditionally rely on these two methods, sniffing the wine and petri-dish testing, to identify potential wine "faults" or spoilage.

The findings, detailed in the Journal of Food Science, indicate that e-tongue testing could augment those methods and allow winemakers to catch and mitigate problems sooner, said Carolyn Ross, WSU food science professor and the study's corresponding author.

"If you ran a sample using the electronic tongue, we could learn after one week if there's contamination or a wine fault problem, versus waiting up to four weeks running just sensory testing," said Ross, who is also the director of WSU's Sensory Science Center. "It's really helpful with understanding wine quality."

When immersed in a liquid, the e-tongue's sensors can "taste" it by analyzing for the presence of certain compounds. At WSU, Ross' team developed and programmed the instrument for various purposes including taking a type of "fingerprint" of wine, collecting a variety of information that may be of interest to winemakers.

"It gives good information about the holistic quality of the wines," Ross said, though she noted that this type of analysis is best used to complement, not replace, other methods of judging wine quality.

In this study, the researchers purposely added four microbes to different bottles of Reisling. These microbes are known to contaminate white wine, causing spoilage and unpleasant odors, including nail polish remover, geranium and "mousy" odors. They trained a group of 13 volunteers to recognize a range of wine attributes by their aromas, both positive and negative, including these odors.

The trained panel then assessed the aroma of uncontaminated wine as a control and samples of the contaminated wine that had been stored for seven days to 42 days. The e-tongue was set to the same task and identified the contamination of all types after the first seven days of storage. The human sensory panel only started to detect contamination in some of the samples after 35 days of storage, a full 28 days after the e-tongue.

Ross and her colleagues have also tested out the e-tongue with red wine in an earlier study, and the team is continuing to develop the instrument housed at the WSU Sensory Science Center, building up a library to help inform its "tasting" abilities. Ross is currently looking for winery clients interested in the e-tongue capabilities to help assess the quality of their products.

This study received support from the Washington Wine and Grape Research fund and the U.S. Department of Agriculture. Additional co-authors on the study include first author Rachel Potter and Claire Warren of WSU and Jungmin Lee of the U.S.D.A. Agricultural Research Service.
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Unique field study shows how climate change affects fire-impacted forests | ScienceDaily
During the unusually dry year of 2018, Sweden was hit by numerous forest fires. A research team led from Lund University in Sweden has investigated how climate change affects recently burnt boreal forests and their ability to absorb carbon dioxide.


						
The boreal forests form a single biome that spans the entire Northern Hemisphere. These forests play a key role in the global climate system by absorbing carbon dioxide from the atmosphere. Increasing forest fires, in the wake of climate change, threaten to undermine this ecosystem service.

In the aftermath of the summer 2018 forest fires in Sweden, a team of researchers began the most extensive field campaign ever performed in boreal forests to study how the fires affected 50 forests spread across the country.

"We found that climate change may reduce the ability of burnt forests to absorb carbon after a fire. Many of the old trees remain, but some of their important functions appear to be weakened," explains Johan Eckdahl, a physical geographer at Lund University.

The study shows that regrowth after a fire is influenced by the climate-sensitive partnership between plants and soil microbes. As the climate changes, the carbon storing function of this interaction is weakened because of a mismatch between the adaptive capacities of plants and microbes. Namely, the current northward migration of fast-growing, warmth-adapted plant species might not pace increasing rates of microbial decomposition under escalating growing season temperatures.

"During global warming, plant species migration is a necessary process to maintain biodiversity and ecosystem services. If it does not keep pace with climate change, the ability of Sweden's boreal forests to function as effective carbon sinks will be compromised," says Johan Eckdahl.

The boreal region, also known as the taiga, serves as an immense global carbon reservoir. Research shows that the boreal region may experience greatly reduced carbon storage capacity in the coming century due to climate change and increased wildfire activity, reducing its traditional role as an absorber of greenhouse gases. A better understanding of the response of boreal forests to external influences is essential in predicting their resilience to climate change and the increased frequency of forest fires.

"Biodiversity is not only important in tropical rainforests, it is also important in the taiga! Our study highlights the often overlooked relationship between biodiversity and carbon storage in northern ecosystems. The results emphasise the need for continued research and environmental monitoring in the vast boreal region," concludes Johan Eckdahl.
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Paradox of extreme cold events in a warming world | ScienceDaily
According to Copernicus Climate Change Service, February 2024 was the warmest February ever recorded globally. However, North America, Asia, and parts of Europe experienced record-breaking cold temperatures. In some places, such as China's Mohe and Russia's Yakutsk, temperatures dipped to the life-threatening lowest levels. Alarmingly, this juxtaposition of increasing temperatures amidst extreme coldness pushes the future of our planet's climate into uncertainty.


						
This paradoxical situation is captured by the Warm Arctic-Cold Continent (WACC) phenomenon, where warm Arctic temperatures lead to sea-ice decline and cold blasts across specific mid-latitude regions. The Arctic's rapid warming indicates global climate change. However, as global warming and the Arctic's temperature keep increasing, it is unclear how WACC events will unfold in the coming decades.

To bridge this gap, a research group, led by Professor Jin-Ho Yoon and including Ph.D. student Yungi Hong, both from the School of Earth Sciences and Environmental Engineering at Gwangju Institute of Science and Technology, Korea, has recently investigated the dynamics and evolution of extreme winter weather events -- technically known as WACC. Using simulations of climate datasets, mainly obtained from the Community Earth System Model Large Ensemble Project, they forecasted the trajectory of WACC events in East Asia and North America, spanning from 1920 to 2100. The study's findings were published in the journalnpj Climate and Atmospheric Scienceon March 11, 2024.

Explaining their study, Prof. Yoon emphasizes, "The WACC pattern has significantly influenced winter climates, but what we see currently is merely the start of a drastic shift." The research team found that despite global warming, WACC events have continued to intensify until the 2020s. Prof. Yoon points out, "These events will sharply decline post-2030s. Yet, this decline does not mean reduced extreme weather events in the future. Instead, winters will get warmer as global warming intensifies. Although cold snaps will occur less frequently, they may have more severe consequences when they do happen."

This declining trend will likely continue until the WACC phenomenon almost disappears by the late 21st century, bringing new extreme weather events.

These findings reshape our understanding of the WACC events and highlight the need to update climate models for accurate predictions, enhancing preparation and response strategies. The findings also resonate with the hardships faced by communities worldwide, especially those in regions historically affected by the WACC.

With the drastic shift in the WACC trajectory lurking closer, immediate action is thus needed to refine global climate strategies and reassess how societies will prepare and adapt. In this regard, Mr. Hong says, "Understanding the impact of the drastic shift in WACC events and devising adaptation and mitigation strategies determinesthe future of our winter climate, and it's a stark reminder of the complexity of climate systems and the unexpected outcomes of climate change."

Overall, this study is a compelling call for communities, policymakers, and scientists to act. It is needed, now more than ever, to collaborate and adapt as we navigate the path to resilience against climate change!
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Study finds iron-rich enamel protects, but doesn't color, rodents' orange-brown incisors | ScienceDaily
Chattering squirrels, charming coypus, and tail-slapping beavers -- along with some other rodents -- have orange-brown front teeth. Researchers have published high-resolution images of rodent incisors in ACS Nano, providing an atomic-level view of the teeth's ingenious enamel and its coating. They discovered tiny pockets of iron-rich materials in the enamel that form a protective shield for the teeth but, importantly, don't contribute to the orange-brown hue -- new insights that could improve human dentistry.


						
Human and animal teeth are coated in a complex crystalline substance called enamel. And while enamel is the hardest tissue in our bodies, it's even harder in rodents. Their ever-growing incisors have an additional outer layer of acid-resistant, iron-rich enamel. Previously, researchers suggested that this iron-rich material was also responsible for the striking orange to brown color of many rodents' incisors. However, the microscopic structure of the iron-rich enamel hadn't been fully characterized. To learn more about the composition of rodent tooth enamel, Vesna Srot and colleagues captured high-resolution images of incisor specimens from several species.

The researchers collected incisors from rodents that live in different environments: beavers, coypus, squirrels, marmots, rats, voles and mice. To investigate the structure, elemental composition and color transmission of the enamel, thin slices were taken from different sections of the teeth and prepared for imaging with optical microscopy, 3D focused ion beam tomography and scanning transmission electron microscopy. The micro- and nano-scale resolution images revealed:
    	Initially, cells that synthesize enamel components produce 6- to 8-nanometer-wide particles of iron-storage proteins called ferritins, which are the source material for iron ions in matured enamel.
    	As enamel matures and solidifies before the teeth erupt from the gums, iron-containing ferrihydrite-like material moves into the outer layer of enamel, occupying empty spaces between calcium-containing hydroxyapatite crystals.
    	The microstructure of the iron-rich enamel contains elongated nanometer-sized pockets filled with small amounts of the ferrihydrite-like material, which contribute acid resistance even though the filled pockets account for less than 2% of the volume of iron-rich enamel.
    	While these results suggest that different types of rodents develop the iron-rich outer enamel layer in a similar way, the depth of the layer vary by species, with mice having the thinnest and coypus having the thickest layers.
    	Finally, the intense orange-brown color of rodent incisors doesn't come from the filled pockets in the enamel, as was previously thought, but from a thin surface layer composed of aromatic amino acids and inorganic minerals.

The researchers suggest that adding small amounts of ferrihydrite-like or other colorless biocompatible iron minerals to dental care products could provide exceptional protection for human tooth enamel. In addition, incorporating small amounts of iron hydroxides into synthetic enamel could produce longer-lasting restorations for human teeth.

The authors acknowledge funding from the European Union's Horizon 2020 research and innovation programme.
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Copper beads in pig feed reshape swine gut microbiome | ScienceDaily
Copper is a natural antimicrobial material that, when added to pig feed, may promote the growth and health of the animals. Since pigs can tolerate high levels of the metal, researchers at Texas Tech University in Amarillo recently investigated whether copper might be used to promote their gut health and reduce the shedding of microbes to the environment.


						
This week in Microbiology Spectrum, the researchers report that small beads containing copper, when added to pig feed, effectively deliver the metal to the animal gut.

"The copper gets released in the animal system very slowly," says microbiologist Alexandra Calle, Ph.D, the paper's senior author. Instead of just being consumed and absorbed in the stomach, it remains for a longer period in the animal's GI tract.

In the lab, Calle and her colleagues found that exposing Salmonella to the copper bead solution resulted in dramatic reductions in the population of the bacterial pathogen. Based on those results, they hoped that their animal experiments would show that the copper beads could reduce microbial pathogens in the gut, as well.

They divided a group of 48 6-month-old pigs -- half female, half male -- into 2 groups. During the second week of a 3-week study, the first group received normal feed, and the other received feed with added copper beads. Researchers collected feces from the pigs throughout the experiment, using atomic spectroscopy to measure copper levels and 16s RNA sequencing to identify microbial species.

Calle and her colleagues selected 2 families of bacteria to study as indicators of how the copper changed the gut microbiome. One was Enterobacteriaceae,a large collection of microbes that includes Salmonella, Shigella, Escherichia coli and others, including many that can be pathogenic. The other family included lactic acid bacteria, which have been linked to health or nutritional benefits.

Animals in the experimental group had about 20 times as much copper in their feces as animals in the control group, and after they stopped receiving copper their levels of the metal returned to baseline. Those measurements confirmed that the beads had effectively delivered the metal.




Analyses of the microbial populations showed that the copper additive led to higher levels of Enterobacteriaceaeand lower levels of lactic acid bacteria in the control group -- which wasn't the change the researchers had hoped to see.

"Even though our desired target was to reduce levels of Enterobacteriaceae,the opposite happened," Calle said. She suspects that after the copper diminished levels of the lactic acid bacteria, the Enterobacteriaceaehad an easier time colonizing the gut.

Despite those findings, though, they're not discouraged. "This was our first test of this project," Calle said. The ultimate goal of the research, she said, is to design what researchers call a "pre-harvest intervention," which would enhance the gut health in the animals before they're slaughtered and processed for food.

The next step toward that goal, she said, is to use the beads to target specific, pathogenic microbes and optimize the gut health benefits.
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Tracking a protein's fleeting shape changes | ScienceDaily
Researchers at Weill Cornell Medicine have developed a powerful, new technique to generate "movies" of changing protein structures and speeds of up to 50 frames per second.


						
Senior author, Dr. Simon Scheuring, the Distinguished Professor of Anesthesiology Research at Weill Cornell Medicine and colleagues developed the new approach to gain a better understanding of how biological molecules change structurally over time. Although investigators in this field routinely image static proteins and other molecules finely enough to resolve the positions of individual atoms, the resulting structural pictures or models are snapshots. Recording the dynamics of molecular structures -- making movies -- has been a much harder challenge. The lead author of the study is Yining Jiang, a doctoral candidate in the Weill Cornell Graduate School of Biomedical Sciences.

In their study, published April 17 in Nature Structural & Molecular Biology, the researchers used a relatively new measurement technique called high-speed atomic-force microscopy (HS-AFM), which employs an extremely sensitive probe to scan across molecules' surfaces, essentially feeling their structures. As a key innovation, the scientists found a method to isolate their target molecule, a single protein, thus avoiding effects from protein-to-protein interactions and enabling faster and more precise scanning.

The researchers applied their new single-molecule HS-AFM approach to a protein called GltPh, a "transporter" that sits in the cell membrane, directing neurotransmitter molecules into the cell. Such transporters are among the favorite targets of structural biologists due to their complex and puzzling dynamics, and their importance in health and disease.

The researchers obtained dynamic structural data on GltPh with an unprecedented combination of high spatial and time resolution -- and stability, so that they could record tiny fluctuations in GltPh's structure continuously for minutes. An unsolved phenomenon in such proteins was termed 'wanderlust' kinetics, meaning that molecules were reported to functionally change between high and low activity modes, for no obvious reason. The work revealed a previously unseen structural state of GltPh, in which the transporter is locked and functionally asleep, uncovering the basis of 'wanderlust' kinetics.

The researchers emphasized that their new approach, which they are continually trying to optimize, is generalizable for studying other proteins, including membrane-embedded proteins. Overall, they said, this work opens up new possibilities to track the precise structure of a protein moment-by-moment during its cycles of activity and rest.

This research was supported by the National Institute of Health (NIH), National Center for Complementary and Integrative Health, grant DP1AT010874, and the National Institute of Neurological Disorders and Stroke, R01NS110790.
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Research explores how a father's diet could shape the health of his offspring | ScienceDaily

The research provides a step towards understanding how the effect of diet can transmit from one generation to the next via a father's sperm. It could ultimately inform dietary guidelines for fathers-to-be, with the goal of lowering the risk of metabolic disease and mood disorders in the next generation.

Parents like to believe they can shape the interests and behaviour of their children, with mixed success. But a new study from an international team of researchers confirms this is the case for mice, with father's shaping their offspring's health through their own diet.

Scientists have already discovered that a mouse father's diet can have an impact not only on his own reproductive health but on that of his offspring. Over- or under-feeding male mice can affect their offspring's metabolism and behaviour, as well as their risk of cancer. What is less understood is whether there are diverse types of health impacts on the health of offspring, depending on the type and composition of the diet of male mice before conception.

This was the starting point for the research by scientists in the international GECKO consortium, with lead investigators in Copenhagen, Sydney, and Chicago.

At the University of Sydney's Charles Perkins Centre in Australia researchers fed male mice one of ten diets differing in the proportions of protein, fats, and carbohydrates, then allowed them to mate with females reared on standard diet. The behaviour and physiology of the resulting pups were then studied.

Dietary composition as important as number of calories

The scientists discovered that male mice fed low protein and high carbohydrate diets were more likely to have male offspring with higher levels of anxiety, as measured by time spent in the safety zones of their maze. They also found that male mice that were fed high fat diets were more likely to have daughters with higher levels of body fat and markers of metabolic disease.




"Our study shows that the type of diet eaten before conception can program specific characteristics of the next generation," says co-senior author and leader of the GECKO consortium Professor Romain Barres, from the University of Copenhagen and Universite Cote d'Azur, Nice.

"It is extraordinary that by titrating mixtures of protein, fat and carbs in the father's diet we could influence specific features of his sons and daughters health and behaviour. There is some important biology at play here," said Professor Stephen Simpson, co-senior author and Academic Director of the Charles Perkins Centre at the University of Sydney.

The team also observed that males on a low protein diet also ate more food overall. However, thanks to the study design, they could determine that both the amount of calories, and the macronutrient composition of the males' diets, influenced the health of their offspring.

"Our study shows that it's not just eating too much or too little, but the composition of the diet that can have an impact on future children," says Professor Romain Barres.

The work was conducted in mice and has opened the way for the team to study the molecular mechanisms involved. The mouse work is part of a broader series of studies within the GECKO consortium, involving humans and other mammals at partner institutions.

"We think our study is a step towards establishing dietary guidelines for fathers to be, with the ultimate goal of lowering the risk of metabolic disease and mood disorders in the next generation," says Professor Romain Barres.
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Making crops colorful for easier weeding | ScienceDaily
To make weeding easier, scientists suggest bioengineering crops to be colorful or to have differently shaped leaves so that they can be more easily distinguished from their wild and weedy counterparts. This could involve altering the crops' genomes so that they express pigments that are already produced by many plants, for example, anthocyanins, which make blueberries blue, or carotenoids, which make carrots orange. Then, they say, weeding robots could be trained to remove only the weeds using machine learning. The authors outline their proposed strategy on April 17 in the journal Trends in Plant Science.


						
"To improve the recognition of weeds, we propose using gene editing techniques to introduce traits into de novo domesticated crops that will allow for visual recognition of the crops by weeding robots that have been trained by machine learning," write the researchers, led by plant and environmental scientist Michael Palmgren of the University of Copenhagen. "This sustainable approach to eliminating wild analogues in the field combines the potential of genome editing with the power of artificial intelligence and, in principle, could also be used for already established crops."

Humans domesticated crops over the course of thousands of years via meticulous selection and breeding. Thanks to genetics, we now know many of the genes responsible for the desirable traits that our ancestors selected for, which means that new or "de novo" crops could be domesticated much more rapidly by using bioengineering techniques such as gene editing to alter or introduce these traits into wild plants. Since many wild plants are more tolerant to environmental stressors than existing crop species, this could also help create more climate change-resilient crops.

"The ultimate objective is to cultivate a novel range of crops that are environmentally sustainable, high-yielding, and conducive to eco-friendly agricultural practices," the researchers write.

However, de novo domesticated crops are likely to closely resemble their wild counterparts, which would make weeding challenging. One option would be to introduce herbicide resistance genes into the de novo crop and then use herbicides to kill the weeds. Instead, the researchers suggest pairing genetic engineering with AI technologies to create visually distinctive de novo crops plants that robot weeders can easily differentiate from weeds.

"Distinguishing these new crops from their less productive and closely related wild plants could present tremendous challenges for weed control," the researchers write. "Utilizing gene editing to enhance their visual recognition by weeding robots could effectively address this issue."

Rather than introducing non-plant genes (transgenesis) into the de novo crops, the researchers propose altering the plants' genomes so that they express pigments that are already produced by many plants -- for example, anthocyanins, which are responsible for red, purple, and blue plant in plants including berries and purple cabbage, and carotenoids, which are responsible for yellow, orange, and red hues of various plant parts including carrots, peppers, and leaves, where they are important for photosynthesis.




"Manipulating these pivotal genes would significantly enhance the accuracy of discriminating between newly domesticated crops and their wild counterparts," the researchers write.

As well as enabling visual discrimination, these pigments could have additional benefits for plant and human health. Anthocyanin accumulation in plants is associated with greater resistance to herbivory, fungal diseases, bacterial infections, heavy metal toxicity, and other environmental stresses, while carotenoids are a source of provitamin A in the human diet.

"Due to these beneficial traits, anthocyanin-rich plants offer not only a straightforward way to distinguish domesticated crops from weeds but also hold promise for practical applications in agriculture," the researchers write.

An alternative (or supplementary) option would be to alter the leaf structure of de novo crops to make them more or less complicated than their wild counterparts -- for example by inducing mutations in the genes that add or remove leaf lobes. And to facilitate seed sorting post-harvest, de novo crops could be created to have a different seed color or shape.

More research is needed to examine whether these changes would impact the crops' vitality, for example, to test whether these pigments interfere with photosynthesis or plant resilience. Additional studies are also needed to improve remote sensing techniques and to investigate the best methods for training weeding robots to recognize the de novo crops' new traits.
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Storks fly with a little help from their friends | ScienceDaily
With long legs and large wings, the white stork is a prominent star of the pageant that is animal migration. Flying from Europe towards Africa in autumn, and then back again in spring, birds can be seen taking to the sky in conspicuous flocks that herald the changing of the seasons. Now, a study from the Max Planck Institute of Animal Behavior in Konstanz, Germany, has an explanation for how this collective phenomenon forms: the storks are choosing to fly together. With data on lifetime migrations of 158 storks, the study provides the first evidence of the social preference of storks during migration. In a paper, the researchers show that storks chose routes that were heavily trafficked by other storks. Yet, young storks tuned their routes to social hot-spots more than adults did.


						
"It's exciting to see the first clues that storks are actually choosing to fly with others," says Hester Bronnvik, a doctoral student at the Max Planck Institute of Animal Behavior and first author on the study. "But as they gain migration experience, they also gain the independence to ignore social influences."

The results have unlocked the first answers to an old question about the world's most iconic migrant. "We can all see that storks fly in flocks, but this observation alone never told us whether or not storks are choosing the routes they take in order to migrate with others," says Bronnvik. "It could be that storks are selecting their routes based on other criteria -- like good winds or a particular destination -- that happen to put them in the same place."

To disentangle the underlying social preference of migrating storks, scientists had to find a way of asking them: why did you choose to fly where you did?

Studying route selection

The team tapped a 10-year data set that provided the precise GPS locations of 158 storks from southern Germany every hour over their lifetime. "We could see the complete migrations that these storks took every year for their entire lives, from a three-month-old juvenile on its first migration to a highly experienced nine-year old taking one of its last flights," says Bronnvik.

Next, the researchers pieced together a picture of the social landscape that these 158 storks would have encountered during their migrations. To do this, they drew data from 400 storks to generate estimates of where flocks were located in the landscape. "This doesn't tell us definitively whether storks flew with others," Bronnvik explains. "Rather, it gives us a probability, telling us whether a stork's route would likely put it in the path of other storks." They then used a statistical model that compared the routes that storks did fly with locations that they did not fly but that were available to them. "The model basically asked them why they chose the route that they did," says Bronnvik.




Experienced storks have less access to other storks

The analysis answered that all storks, no matter the age, selected routes with high densities of other storks. However, the strength of this selection decreased as birds aged and gained migration experience. In other words, birds were willing to choose routes with fewer storks if it provided them with good flying conditions.

The authors explain that this lifetime shift in strategy could be because juveniles rely on information gained from peers to help them survive as they have not yet learned enough from past flights."Storks need to find invisible thermals to support their flight, or pockets of food during stop overs," says senior author Andrea Flack, who leads the Collective Migration group at the Max Planck Institute of Animal Behavior. "Following others could help you find these essential resources faster." But as birds gather experience, they can wean themselves off this social information, gaining independence from the flock. "This could help them time their migrations to meet their own reproductive goals," says Flack.

The innovation of the study is that the decision-making of a long-haul migrant has been gleaned at such a vast scale. Says Flack: "Ultimately, we want to know how the decisions of migrating storks are affected by those around them. Our study provides the first clue of just how important the collective is to those decisions."
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Researchers uncover human DNA repair by nuclear metamorphosis | ScienceDaily
Researchers at the University of Toronto have discovered a DNA repair mechanism that advances understanding of how human cells stay healthy, and which could lead to new treatments for cancer and premature aging.


						
The study, published in the journal Nature Structural and Molecular Biology, also sheds light on the mechanism of action of some existing chemotherapy drugs.

"We think this research solves the mystery of how DNA double-strand breaks and the nuclear envelope connect for repair in human cells," said Professor Karim Mekhail, co-principal investigator on the study and a professor of laboratory medicine and pathobiology at U of T's Temerty Faculty of Medicine.

"It also makes many previously published discoveries in other organisms applicable in the context of human DNA repair, which should help science move even faster."

DNA double-strand breaks arise when cells are exposed to radiation and chemicals, and through internal processes such as DNA replication. They are one of the most serious types of DNA damage because they can stall cell growth or put it in overdrive, promoting aging and cancer.

The new discovery, made in human cells and in collaboration with Professor Razqallah Hakem, a researcher at University Health Network and professor at Temerty Medicine, extends prior research on DNA damage in yeast by Mekhail and other scientists.

In 2015, Mekhail and collaborators showed how motor proteins deep inside the nucleus of yeast cells transport double-strand breaks to 'DNA hospital-like' protein complexes embedded in the nuclear envelope at the edge of the nucleus.




Other studies uncovered related mechanisms during DNA repair in flies and other organisms. However, scientists exploring similar mechanisms in human and other mammalian cells reported little to no DNA mobility for most breaks.

"We knew that nuclear envelope proteins were important for DNA repair across most of these organisms, so we wondered how to explain the limited mobility of damaged DNA in mammalian cells," Mekhail says.

The answer is both surprising and elegant.

When DNA inside the nucleus of a human cell is damaged, a specific network of microtubule filaments forms in the cytoplasm around the nucleus and pushes on the nuclear envelope. This prompts the formation of tiny tubes, or tubules, which reach into the nucleus and catch most double-strand breaks.

"It's like fingers pushing on a balloon," says Mekhail. "When you squeeze a balloon, your fingers form tunnels in its structure, which forces some parts of the balloon's exterior inside itself."

Further research by the study authors detailed several aspects of this process. Enzymes called DNA damage response kinases and tubulin acetyltransferase are the master regulators of the process, and promote the formation of the tubules.




Enzymes deposit a chemical mark on a specific part of the microtubule filaments, which causes them to recruit tiny motor proteins and push on the nuclear envelope. Consequently, the repair-promoting protein complexes push the envelope deep into the nucleus, creating bridges to the DNA breaks.

"This ensures that the nucleus undergoes a form of reversible metamorphosis, allowing the envelope to temporarily infiltrate DNA throughout the nucleus, capturing and reconnecting broken DNA," says Mekhail.

The findings have significant implications for some cancer treatments.

Normal cells use the nuclear envelope tubules to repair DNA, but cancer cells appear to need them more. To explore the mechanism's potential impact, the team analyzed data representing over 8,500 patients with various cancers. The need was visible in several cancers, including triple-negative breast cancer, which is highly aggressive.

"There is a huge effort to identify new therapeutic avenues for cancer patients, and this discovery is a big step forward," says Hakem, a senior scientist at UHN's Princess Margaret Cancer Centre and a professor in U of T's department of medical biophysics and department of laboratory medicine and pathobiology.

"Until now, scientists were unclear as to the relative impact of the nuclear envelope in the repair of damaged DNA in human cells. Our collaboration revealed that targeting factors that modulate the nuclear envelope for damaged DNA repair effectively restrains breast cancer development," Hakem says.

In the aggressive triple negative breast cancer, there are elevated levels of the tubules, likely because they have more DNA damage than normal cells. When the researchers knocked out the genes needed to control the tubules, cancer cells were less able to form tumours.

One medication used to treat triple negative breast cancer is a class of drugs called PARP inhibitors. PARP is an enzyme that binds to and helps repair damaged DNA. PARP inhibitors block the enzyme from performing repair, preventing the ends of a DNA double-strand break in cancer cells from reconnecting to one another.

The cancer cells end up joining two broken ends that are not part of the same pair. As more mismatched pairs are created, the resulting DNA structures become impossible for cells to copy and divide.

"Our study shows that the drug's ability to trigger these mismatches relies on the tubules. When fewer tubules are present, cancer cells are more resistant to PARP inhibitors," says Hakem.

Partnerships among researchers in distinct fields was essential for the findings in cancer cells. The study underscores the importance of cross-disciplinary collaboration, Mekhail says.

"The brain power behind every project is crucial. Every team member counts. Also, every right collaborator added to the research project is akin to earning another doctorate in a new specialty; it's powerful," he says.

Mekhail notes the discovery is also relevant to premature aging conditions like progeria. The rare genetic condition causes rapid aging within the first two decades of life, commonly leading to early death.

Progeria is linked to a gene coding for lamin A. Mutations in this gene reduce the rigidity of the nuclear envelope. The team found that expression of mutant lamin A is sufficient to induce the tubules, which DNA damaging agents further boosted. The team thinks that even weak pressure on the nuclear envelope spurs the creation of tubules in premature aging cells.

The findings suggest that in progeria, DNA repair may be compromised by the presence of too many or poorly regulated tubules. The study results also have implications for many other clinical conditions, Mekhail says.

"It's exciting to think about where these findings will lead us next," says Mekhail. "We have excellent colleagues and incredible trainees here at Temerty Medicine and in our partner hospitals. We're already working toward following this discovery and using our work to create novel therapeutics."
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Coral reef microbes point to new way to assess ecosystem health | ScienceDaily
A new study shows that ocean acidification is changing the mix of microbes in coral reef systems, which can be used to assess ecosystem health.


						
The study, published today in Microbiome, looked at coral reefs specifically, but the researchers say it could be widely applicable as a method for measuring how ecosystems are responding to human activities.

Understanding how ecosystems are changing in response to human activity allows predictions of their future, and how to conserve them. Although microbes are crucial for ecosystems -- supporting critical functions such as nutrition and immune system modulation -- changes in microbial communities are rarely measured when assessing ecosystem health.

The team, led by Imperial College London researchers, tested whether measuring changes across the whole community of larger (macro) organisms and microbes together could provide a novel measurement of stress on coral reefs. In these ecosystems, microbes are particularly important and live not only on the macro-organisms, but also in the surrounding sediment and water.

Coral and carbon dioxide

Some reefs grow near natural carbon dioxide (CO2) vents on the ocean floor, which can be used to understand the response of reefs to future oceanic CO2 conditions, and resultant acidification, caused by human activities. The researchers visited such CO2 vents in Papua New Guinea and used Autonomous Reef Monitoring Structures (ARMS) to collect samples of organisms and sediments from areas of varying CO2.

They used genetic sequencing and mass spectrometry to determine the microbes and metabolites (small molecules produced by organisms that have various ecological functions) present in each sample.




They found that as the amount of CO2 in the ocean increased, the microbes and metabolites found in the community of reef macro-organisms became more similar to those in the sediment, referred to as a decline in 'holobiont community distinctness'.

The findings suggest that the way microbial communities hosted by macro-organisms change could be used as early indicator of ecosystem stress. They also highlight the importance of taking an 'ecosystem approach' to understanding the impact of human stressors.

Ecosystem stress

The new result is only for one ecosystem under one source of stress (acidification), so the team are now testing this approach across more than 80 reef sites around the world that are subject to varying human pressures.

First author Jake Williams, from the Department of Life Sciences at Imperial and ZSL's Institute of Zoology, said: "Intensifying human activity and the climate crisis are increasing stress on ecosystems across the globe. But we lack general and robust ways of monitoring this stress and how ecosystems are responding.

"Our findings suggest the possibility of developing such general and robust metrics based on the relationships between microbes and chemicals inside and outside organisms. Ideally, these metrics shouldn't depend on what type of ecosystem you are looking at, but be applicable in every system from coral reefs to rainforests."

Lead researcher Dr Emma Ransome, from the Department of Life Sciences at Imperial, added: "A holistic approach is needed to accurately evaluate and predict impacts on coral reefs. Microbes are a vastly important and overlooked component of all of our ecosystems and a crucial tool for understanding environmental outcomes and achieving an environmentally sustainable future."
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Reproductive success improves after a single generation in the wild for descendants of some hatchery-origin Chinook salmon | ScienceDaily
Researchers who created "family trees" for nearly 10,000 fish found that first-generation, wild-born descendants of hatchery-origin Chinook salmon in an Oregon river show improved fitness.


						
The finding, based on data collected over 13 years, is encouraging for Chinook salmon recovery efforts, said Kathleen O'Malley, an associate professor at Oregon State University and the study's senior author. In this study, fitness is measured by the number of adult offspring a fish produces, with higher fitness leading to more offspring.

"Previous studies have shown that hatchery-origin Chinook salmon have lower reproductive success relative to their natural-origin counterparts when they spawn in the wild, but this study looks beyond that," said O'Malley, who directs the State Fisheries Genomics Lab.

"While our work doesn't contradict the earlier findings, we found that the first-generation descendants of these hatchery-origin Chinook salmon produced more offspring than hatchery-origin salmon spawning alongside them in the river, meaning that reproductive success may improve in the wild as quickly as it declines in the hatchery."

The results were just published in the journal Evolutionary Applications. The paper's lead author is David Dayan, who was a faculty research assistant in O'Malley's lab and now works for the U.S. Fish and Wildlife Service.

Spring Chinook salmon in the Upper Willamette River are listed as threatened under the federal Endangered Species Act. The McKenzie River, a tributary to the Upper Willamette River, has historically supported one of the largest populations of spring Chinook salmon, and today supports a large portion of the natural-origin spring Chinook salmon in the Upper Willamette Basin.

Cougar Dam on the South Fork McKenzie River blocks about 40 kilometers of historical spawning habitat within the McKenzie sub-basin. At the base of the dam, an adult fish collection facility, constructed in 2010, allowed fisheries managers to collect and reintroduce returning adult Chinook salmon above the dam.




Researchers collected tiny fin samples from salmon arriving at the collection facility over the years and used them to determine parent and offspring relationships and quantify their numbers.

"Essentially, we created family trees for each fish, similar to how you would trace your own ancestry using a DNA service," O'Malley said. "We were able to create a pedigree for nearly 10,000 fish in this system."

They found that first-generation, wild-born descendants of two hatchery-origin fish produced significantly more adult offspring than hatchery-origin salmon that spawned alongside them in the river. These first-generation descendants produced similar numbers of offspring to natural-origin fish.

"Attempts to recover or reintroduce a population using wild salmon are often limited by the lack of a healthy nearby donor population," O'Malley said.

The findings offer hope that naturally spawning Chinook salmon populations can be established from hatchery-origin salmon and that reestablished populations may experience generational increases in fitness as they spawn naturally in the wild.

The researchers' study design did not allow them to determine what led to the increase in fitness between the first generation, wild-born salmon and the hatchery-origin salmon.




"We don't know if it's genetic, if it's the environment or if the two interact," O'Malley said.

Concerns remain over the risk hatchery-origin salmon pose to the genetic integrity and productivity of natural populations. Continued interbreeding between hatchery-origin and natural-origin salmon could contribute to a decline in overall fitness for the natural-origin fish, unless the level of interbreeding is carefully managed, she said.

The study's authors also cautioned that their conclusions may not apply to other river systems that have reduced natural production or historical transfers of non-local origin salmon stock; the conclusions also may not apply to other species, such as steelhead. In addition, practices specific to the McKenzie River hatchery may have maintained adaptive genetic diversity and the capacity for increased fitness among the wild-born descendants of hatchery-origin salmon.

Nonetheless, the study's findings offer encouraging news for the use of hatchery salmon in support of conservation and recovery efforts, O'Malley said.

O'Malley, Dayan and coauthor Cristin Fitzpatrick are all affiliated with OSU's Coastal Oregon Marine Experiment Station, which is part of the College of Agricultural Sciences and based at Hatfield Marine Science Center in Newport.

Additional coauthors include Nicholas Sard of the State University of New York -- Oswego; Marc Johnson, formerly of the Oregon Department of Fish and Wildlife and now with the National Marine Fisheries Service; and Ryan Couture of the Oregon Department of Fish and Wildlife.
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Researchers shine light on rapid changes in Arctic and boreal ecosystems | ScienceDaily
Arctic and boreal latitudes are warming faster than any other region on Earth. In three new studies, Earth system scientists at the University of California, Irvine report how the ecosystems in these regions are changing.


						
In a study published in Global Change Biology, a team led by Earth system science Ph.D. candidate Jinhyuk Kim from the lab of James Randerson, professor of Earth system science, reveals how wildfires are increasing rates of photosynthesis in Canada and Alaska.

They find that increasing wildfires are wiping out black spruce forests that grow relatively slowly and contribute to the organic layer of the underlying soils. In many areas, deciduous shrubs and trees, like willow and aspen, are moving in after a fire. These plants have a much higher metabolism, meaning they can establish themselves faster than spruce.

In 2023, Canada saw its most devastating wildfire season, with over 46 million acres burned. The authors' work suggests that these fires may accelerate changes in northern forests that are already underway due to climate change.

"We're seeing higher levels of photosynthesis that persist for decades after fire," said Kim. "Instead of the evergreen conifer forest coming back right away, in some regions, we see a long-term replacement of these forests with faster-growing species."

The more photosynthesis there is, the more plants can remove carbon dioxide from the atmosphere. One assumption is that this might create a sink for carbon dioxide and help temper global warming.

"But because you've combusted the carbon stored in the plants and their organic soils, even the increase in photosynthesis we observe doesn't necessarily translate into more carbon storage in the long run," Kim said. "The increasing trends in wildfire have significant implications for forest species composition and ecosystem function but likely negatively affect the land carbon sink. This is why it's important to study how the changing landscape from wildfire and warming influences different aspects of land carbon cycling."

To measure the changing rate of photosynthesis in the boreal plants, Kim and his team used data from Orbiting Carbon Observatory 2 satellites that track the fluorescence of plants to use as a proxy for photosynthesis.




"It's a more recent measurement that we've been able to observe globally," said Kim, who explained that using fluorescence measurements is a novel approach to measuring photosynthesis. "We also have this long land cover time series from Landsat, and we can look at how fires are changing the land plant cover and then tie it to changes in the solar-induced fluorescence signal. We find that wildfires are changing the land cover, which, in turn, can enhance the seasonality of carbon fluxes at large spatial scales."

Kim added that it's a sign of unstable ecosystems in which the types of plants in the region are rapidly changing.

In another study from a team led by Earth system science Ph.D. candidate Allison Welch, researchers describe what kind of plants are expanding into the Arctic and alpine tundra.

"With increasing temperatures and wildfire activity, we're seeing increased growth of bigger, deciduous shrubs," Welch said, whose team studied five different alpine tundra sites for the research, which appears in Arctic, Antarctic, and Alpine Research.

"We found increased shrub growth of a specific species called alder," said Welch, who works in the lab of Claudia Czimczik, professor of Earth system science. "And just increased vegetation productivity in general at these sites."

Welch's team also reported a decrease in the thickness of the organic layer -- the uppermost layer of soil characterized by high organic carbon content -- at their tundra sites. Shallower organic layers, Welch explained, means there is less insulation for the underlying Arctic permafrost. Permafrost carries vast reserves of frozen organic matter, which, if thawed, may decompose and release planet-warming gases like carbon dioxide into the atmosphere. "If you have a healthy organic layer, you're likely going to promote permafrost stability," said Welch."

In the third study, published in Geophysical Research Letters, a team led by Ph.D. candidate Hui Wang, who works in the Department of Earth System Science with Prof. Alex Guenther, obtained field measurements and then ran computer simulations to describe how, as Arctic ecosystems experience a warming climate, emissions of the molecule isoprene are escalating at rates that are far higher than anticipated.




"This change will indirectly change the climate," said Wang. That's because isoprene affects the formation of ozone, aerosols and levels of methane in the air. Aerosols affect the formation of clouds, which can, in turn, influence the local climate. And plants, Wang explained, release more isoprene when the weather is warmer.

The changes reported in the studies point toward Arctic-boreal ecosystems that are rapidly changing in response to wildfires and warming.

"These three studies are examples of how the Arctic is changing more rapidly than previously expected," said Czimczik, a co-author on Welch's paper. "Increasing wildfire activity, via its effect on vegetation composition, has the potential to accelerate permafrost thaw beyond the rates we expected from changing climate."

"We can see the environment is unstable, and that there are complex interactions from not only the changing plant communities but the responses of those plants to the rapidly changing climate. These have consequences for the environment and the overall Earth system, so it's something important that we need to understand better," Kim said.
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Trash to treasure -- researchers turn metal waste into catalyst for hydrogen | ScienceDaily
Scientists have found a way to transform metal waste into a highly efficient catalyst to make hydrogen from water, a discovery that could make hydrogen production more sustainable.


						
A team of researchers from the University of Nottingham's School of Chemistry and Faculty of Engineering have found that the surface of swarf, a byproduct of the metal machining industry, is textured with tiny steps and grooves on a nanoscale level. These textures can anchor atoms of platinum or cobalt, leading to an efficient electrocatalyst that can split water into hydrogen and oxygen. The research has been published in the Journal of Material Chemistry A of the Royal Society of Chemistry.

Hydrogen is a clean fuel that can be used to generate heat or power vehicles, and the only byproduct of its combustion is water vapor. However, most hydrogen production methods rely on fossil fuel feedstock. Electrolysis of water is one of the most promising green pathways for hydrogen production, as it only requires water and electricity.

The industry is facing a challenge with water electrolysis, as this process requires rare and expensive elements like platinum to catalyse the water splitting. With the limited global supply and increasing prices of precious metals, there is an urgent need for alternative electrocatalyst materials to produce hydrogen from water.

Dr Jesum Alves Fernandes, School of Chemistry, University of Nottingham, who led the research team, said: "Industries in the UK alone generate millions of tons of metal waste annually. By using a scanning electron microscope, we were able to inspect the seemingly smooth surfaces of the stainless steel, titanium, or nickel alloy swarf. To our astonishment, we discovered that the surfaces had grooves and ridges that were only tens of nanometres wide. We realized that this nanotextured surface could present a unique opportunity for the fabrication of electrocatalysts."

The researchers used magnetron sputtering to create a platinum atom "rain" on the swarf's surface. These platinum atoms then come together into nanoparticles that fit snugly into the nanoscale grooves.

Dr Madasamy Thangamuthu, a Postdoctoral Researcher at the University of Nottingham who was responsible for the analysis of the structure and electrocatalytic activity of the new materials, says: "It is remarkable that we are able to produce hydrogen from water using only a tenth of the amount of platinum loading compared to state-of-the-art commercial catalysts. By spreading just 28 micrograms of the precious metal over 1 cm2 of the swarf, we were able to create a laboratory-scale electrolyser that operates with 100% efficiency and produces 0.5 litres of hydrogen gas per minute just from a single piece of swarf."

The group is partnering with AqSorption Ltd, a Nottingham-based company specialising in electrolyser design and fabrication to scale up their technology. Professor Andrei Khlobystov, School of Chemistry, University of Nottingham, said: "The electrocatalysts made from swarf have the potential to greatly impact the economy. Our unique technology developed at Nottingham, which involves atom-by-atom growth of platinum particles on nanotextured surfaces, has solved two major challenges. Firstly, it enables the production of green hydrogen using the least amount of precious metal possible, and secondly, it upcycles metal waste from the aerospace industry, all in a single process."

The Zero Carbon Cluster has been set in the East Midlands to accelerate the development and deployment of innovation in green industries and advanced manufacturing.

Professor Tom Rodden, PVC for Research & Knowledge Exchange at the University of Nottingham says: "Developing hydrogen propulsion systems can be a significant step towards addressing some of the world's most pressing zero-carbon challenges, especially for the transport and manufacturing industries. However, this strategy's success depends on producing green hydrogen sustainably, such as through water splitting via electrolysis, and this, in turn, requires advancements in materials design."
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CO2 worsens wildfires by helping plants grow | ScienceDaily
By fueling the growth of plants that become kindling, carbon dioxide is driving an increase in the severity and frequency of wildfires, according to a UC Riverside study.


						
The worldwide surge in wildfires over the past decade is often attributed to the hotter, drier conditions of climate change. However, the study found that the effect of increasing levels of carbon dioxide (CO2) on plants may be a bigger factor.

"It's not because it's hotter that things are burning, it's because there's more fuel, in the form of plants," said UCR doctoral student in Earth and planetary sciences and study author James Gomez.

This conclusion, and a description of the eight model experiments that produced it, have been published in Communications Earth & Environment.

To convert light into food in a process called photosynthesis, plants require CO2. Burning fossil fuels for heat, electricity, and transportation is adding increasing levels of CO2 into the atmosphere. Plants use the extra CO2 to make carbohydrates that help them grow, leading to an increase in biomass that burns.

Certainly, heat waves and drought occur more frequently in today's climate than they did 50 years ago. These are conditions that cause plants to wither and die. As they dry out and die, they burn more easily. The models accounted for these effects on plants, as well as for different types of plants, and for the increase in atmospheric CO2.

"Warming and drying are still important fire factors. These are the conditions that make the extra plant mass more flammable," said UCR professor of Earth sciences Robert Allen.




The models analyzed by the research team all assumed an idealized 1% per year increase in atmospheric CO2 concentrations since 1850. The idealized increase is meant to isolate the effects of the greenhouse gas on wildfire activity.

"These experiments are mainly looking at the contribution of CO2 to changes in wildfire activity," Gomez said. "That's the only thing that's changing in these models. Other drivers of climate change and wildfire activity do not change through time," Gomez said. "This includes, for example, changes in other greenhouse gases like methane, as well as changes in land use."

Seasons are still important factors in promoting wildfires, and fires still occur more often during "fire seasons." Dry, windy conditions help spread the flames faster, increasing the size of the burned area. "However, our study shows the increase in fires during hotter seasons is driven by fuel load rather than an increase in the number of what some consider 'fire weather' days," Gomez said.

This means megafires can often happen outside of what is considered fire season. As an example, the biggest wildfire on record in Texas, with more than a million acres burned, occurred this past February.

The researchers hope that their results inspire others to conduct additional studies of the factors driving the increase in wildfires. In addition, they hope that policymakers recognize the urgent need to decrease the amount of CO2 that people release into the atmosphere.

"We do need to implement better fire control and have more prescribed burns to use up plant fuel. We need to get rid of the old stuff," Gomez said. "But the best way to decrease wildfires is to mitigate our carbon dioxide emissions. We need more emission control now."
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Huge database gives insight into salmon patterns at sea | ScienceDaily
A massive new analysis of high seas salmon surveys is enhancing the understanding of salmon ecology, adding details about where various species congregate in the North Pacific Ocean and their different temperature tolerances.


						
The project, led by researchers at the University of Alaska Fairbanks, integrates numerous international salmon studies from the North Pacific dating back to the 1950s. Although many individual reports were published by nations and agencies that funded those efforts, they were never fully compiled into an overarching database or analyzed comprehensively at this scale. This new research effort builds upon the extensive and valuable past body of work on the marine component of the salmon life cycle.

Together the data represent a trove of more than 44,000 high seas survey gear hauls across the North Pacific, netting over 14 million salmon. That ocean-based data also provides a contrast from the bulk of salmon research, which tends to focus on river habitat.

"This is a portion of the salmon life cycle that arguably gets overlooked, at least in terms of the grand investment in salmon research," said Curry Cunningham, an assistant professor at UAF's College of Fisheries and Ocean Sciences. "As someone who always wondered where all these fish went when they left Bristol Bay, seeing that pattern come to life was so satisfying."

Although methods and data varied among the studies, they consistently noted the water temperature and location where salmon were caught. That data allowed the research team to create maps with unprecedented detail showing the areas that various salmon species occupy while at sea.

For example, the maps highlight a hotspot for Chinooks gathering in the Bering Sea. They chart a path that maturing sockeye tend to take from the North Pacific and Gulf of Alaska toward the Alaska Peninsula, traveling through passes into the Bering Sea outside Bristol Bay throughout the spring and summer.

"It's not as if all these salmon are going to some party in the middle of the Pacific," said lead author Joe Langan, who worked on the project as a postdoctoral fellow at UAF. "This gives us a broad look at where they go."

The study also produced more evidence that cold-water tolerance varies significantly among salmon species. Sockeye and chum salmon were commonly found in temperatures down to just a few degrees above freezing, while coho and steelhead were absent from the coldest areas. Chinook and pink salmon lived in the middle of those ranges.




Those tendencies are likely to influence which species will be most capable of shifting to colder waters as their traditional ranges are warmed by climate change, Cunningham said.

The heart of the dataset is from the 1950s to the 1990s, and the research required digging up forgotten reports from varying sources. Skip McKinnell, a retired Department of Fisheries and Oceans Canada researcher and expert in high seas salmon research, participated in some of the earlier surveys. He helped dredge up, compile and standardize many of those older reports.

"It was more of a search and rescue mission rather than convincing anyone to provide their data," Langan said.

The project was funded by the National Oceanic and Atmospheric Administration's Office of Law Enforcement, which hopes to use information about where salmon are concentrated at sea to help curb illegal fishing. The centralized database will be housed by the North Pacific Anadromous Fish Commission and made publicly available.
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Real-time detection of infectious disease viruses by searching for molecular fingerprinting | ScienceDaily
A research team consisting of Professor Kyoung-Duck Park and Taeyoung Moon and Huitae Joo, PhD candidates, from the Department of Physics at Pohang University of Science and Technology (POSTECH) has engineered "broadband nanogap gold spectroscopic sensor" using a flexible material capable of bending to create a controlled gap. With the developed technology, it is possible to rapidly test various types of materials, including infectious disease viruses, using only a single nano-spectroscopic sensor to find molecular fingerprints.


						
The emergence of pandemic epidemics like COVID-19 has emphasized the necessity for rapid and precise analytical methods to prepare for potential future virus outbreaks. Raman spectroscopy, using gold nanostructures, offers information about the internal structure and chemical properties of materials by analyzing the distinct vibrations of molecules known as "molecular fingerprints," using light with remarkable sensitivity. Therefore, it could play a crucial role in determining the positivity of a virus.

However, conventional high-sensitivity Raman spectroscopy sensors detect only one type of virus with a single device, thus posing limitations in terms of productivity, detection speed, and cost when considering clinical applications.

The research team successfully fabricated a one-dimensional structure at the millimeter scale, featuring gold nanogaps accommodating only a single molecule with a tight fit. This advancement enables large-area, high-sensitivity Raman spectroscopic sensing. Furthermore, they effectively integrated flexible materials onto the substrate of the gold nanogap spectroscopic sensor. Finally, the team developed a source technology for a broadband active nano-spectral sensor, allowing tailored detection of specific substances using a single device, by widening the nanogap to the size of a virus and freely adjusting its width to suit the size and type of materials, including viruses.

Furthermore, they improved the sensitivity and controllability of the sensor by combining adaptive optics technology used in fields such as space optics, such as the James Webb Telescope. Additionally, they established a conceptual model for extending the fabricated one-dimensional structure into a two-dimensional spectroscopic sensor, theoretically confirming the ability to amplify Raman spectroscopic signals by up to several billion times. In other words, it becomes possible to confirm the positivity of viruses in real-time within seconds, a process that previously took days for verification.

The achievements of the research team, currently pending patent approval, are expected to be utilized for the rapid response through high-sensitivity real-time testing in the event of unexpected infectious diseases such as COVID-19, to prevent indiscriminate spread. Taeyoung Moon, lead author of the paper, emphasized the significance of their achievement by stating, "This not only advances basic scientific research in identifying unique properties of materials from molecules to viruses but also facilitates practical applications, enabling rapid detection of a broad spectrum of emerging viruses using a single, tailored sensor."

The collaborative research was jointly conducted with Professor Dai-Sik Kim's team from UNIST's Department of Physics and a team led by Professor Yung Doug Suh from UNIST's Department of Chemistry who is Deputy Director of Center for Multidimensional Carbon Materials at the Institute for Basic Science (IBS). Additionally, Yeonjeong Koo, Mingu Kang, and Hyeongwoo Lee from POSTECH's Department of Physics carried out measurements. The research findings have recently been published in the international journal Nano Letters.
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Older males out-compete young males outside breeding pairs, bird study shows | ScienceDaily
Young male blue tits are less successful in fathering offspring outside their breeding pair, not because of a lack of experience, but because they are outcompeted by older males, Bart Kempenaers and colleagues from the Max Planck Institute for Biological Intelligence in Germany report in a study publishing April 16 in the open-access journal PLOS Biology.


						
Many birds form breeding pairs but will also mate and produce offspring outside of that pairing -- known as "extra-pair" paternity. Inexperienced males in their first year of breeding are less likely to father extra-pair offspring than adult males, but it is unclear whether their poor performance is because of competition with older males, or because of a lack of skills or experience.

Between 2007 and 2021, researchers studied the breeding behavior of a wild population of blue tits (Cyanistes caeruleus) living in nest boxes in a German forest, using radio-frequency identification technology, behavioral observations, and DNA testing. Then, in 2022, the team relocated almost all the adult males from the population. They compared the extra-pair breeding success of young males in this altered population with data from the previous 15 years. In the absence of competition from adult males, 33% of young males fathered at least one extra-pair offspring, compared to just 13% on average in years when adult males were present. Their extra-pair breeding success matched that of adult males in normal conditions.

These results suggest that young males' failure to father extra-pair offspring is due to competition with adult males, rather than a lack of experience or maturity. Adult males may outcompete young males for a variety of reasons. They might fare better in fights over females, they might invest more energy in extra-pair mating, females may find them more attractive, or a combination of these factors might be at play, the authors say.

The authors add, "Our study indicates that the generally observed low extra-pair siring success of first-year males is due to competition with older males. This age effect is thus mediated by the social environment, at least in the blue tit."
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Fires pose growing worldwide threat to wildland-urban interface | ScienceDaily
Fires that blaze through the wildland-urban interface (WUI) are becoming more common around the globe, a trend that is likely to continue for at least the next two decades, new research finds.


						
The research team, led by scientists at the U.S. National Science Foundation National Center for Atmospheric Research (NSF NCAR), used satellite observations and machine learning techniques to produce a unique database of WUI areas and fires worldwide, dating back about two decades.

The overall number of all fires worldwide has declined, as has the total area burned.

However, the scientists found that the fraction of global fires that occur in WUI areas increased by about 23% from 2005 to 2020. Even more significantly, the global area burned by WUI fires during the same time increased by about 35% as a fraction of all burned areas.

The research found that WUI areas are expanding worldwide, especially in rapidly urbanizing regions in Africa. As newly constructed developments move into areas of wild vegetation, the risk of fires increases. The paper did not focus on the role of climate change, although the authors said the database can help scientists better fingerprint the role of climate change in fires.

WUI areas are generally defined as the location where urban land use and wildland vegetation come into contact or intermingle. Fires in such areas are especially dangerous, both because they imperil large numbers of people and structures and because, by burning manufactured materials instead of vegetation, they emit far more toxins than forest and grassland fires.

"Wildland-urban interface fires are a major concern for many people in the United States and globally, and through this study we now know they have increased in recent years and will likely continue doing so in the future," said NSF NCAR scientist Wenfu Tang, the lead author of the new paper. "This is important as a first step to looking at emissions from these fires and their impacts on human health."

Funding for the research came from NOAA. The study was published in Environmental Research Letters.




Constructing a global database

WUI fires have caused catastrophic destruction in recent years, sometimes burning down thousands of buildings and killing 100 or more people. Especially destructive fires include the 2009 Black Saturday bushfires in Australia, which left 173 dead, and the 2017 Pedrosa Grande Fire in Portugal, which killed 66 people. Last year's Lahaina Fire in Hawaii was the deadliest in the United States in more than a century, killing 100 people and destroying more than 2,200 structures.

To understand more about trends in WUI fires, Tang and her colleagues turned to a global high-resolution map of WUI fires in 2020, which had been created by Franz Schug of the University of Wisconsin-Madison. They also analyzed data about Earth's surface from NASA's Moderate Resolution Imaging Spectroradiometer (MODIS) satellite instrument.

By applying machine learning techniques to the map and satellite data, they quantified the relationship of fires with such variables as land cover and population density. They then used those quantitative relationships to generate a global database of WUI areas and WUI fires, going back 20 years at a resolution of 9 kilometers (5.6 miles).

The researchers successfully confirmed the accuracy of the database by comparing it with independent WUI datasets previously developed for a few years within the same time period, including for the continental United States and globally.

In analyzing the new database, the researchers found that WUI areas have grown in all populated continents by 24% from 2001 to 2020, with the largest increase occurring in Africa.




Largely as a result, fires in WUI areas have also become more common. Since 2005, they have increased from 3.5% to 4.3% of all fires. In North America, the WUI fraction of all fire counts is even higher (up to 9%), with WUI fires in 2015-2020 becoming particularly large and more destructive.

"This is the first map of its kind that enables us to look at how WUI fires have been evolving globally over the past two decades," said NSF NCAR scientist Cenlin He, a co-author of the study. "It shows that WUI fires have increased on every populated continent."

Even as WUI blazes loom as a greater threat, the scientists noted that fires overall have been on the decline. Since 2005, the total number of fires worldwide decreased by 10%, and the amount of burned areas decreased by 22%, according to satellite observations analyzed in their research.

Tang and her colleagues then turned to the future. They integrated the WUI database with the NSF NCAR-based Community Earth System Model, which simulates global climate and fires, to determine the likely trends in WUI fires through 2030 and 2040.

If WUI areas continue to expand and greenhouse gases continue to be emitted at a high rate, they found that the WUI fraction of burned areas worldwide will likely increase by about 2.6-3.2% by 2040. However, the picture can change somewhat depending on changes in WUI areas and greenhouse gas emissions under different future scenarios, according to their analysis.

"This study is an important step in quantifying WUI fires and how they are changing worldwide," Tang said. "As WUI areas rapidly expand and WUI fires become more frequent, it is critical to understand the interactions between WUI fires and human activities as well as the impacts of the fires on air quality, human health, and the environment."
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New tagging method provides bioadhesive interface for marine sensors on diverse, soft, and fragile species | ScienceDaily
Tagging marine animals with sensors to track and study their movements can provide researchers with important environmental and behavioral information, including energy usage, habitat changes, and migration patterns. But existing techniques to attach sensors currently largely rely on invasive physical anchors, suction cups, and rigid glues. While these techniques can be effective for marine animals with hard exoskeletons and large animals such as sharks, the traditional tag attachment methods are not ideal for more fragile species, such as squid and jellyfish.


						
Now, a newly developed soft hydrogel-based Bioadhesive Interface for Marine Sensors, referred to as BIMS, holds promise as an effective, rapid, versatile, and non-invasive method to tag and track all sorts of marine species, including soft and fragile species that have long been difficult to access, according to a new journal article by scientists with the Woods Hole Oceanographic Institution (WHOI), Massachusetts Institute of Technology (MIT), and partner organizations. The BIMS tagging can help researchers better understand animal behavior while also capturing oceanographic data critical for helping to better understand some impacts of climate change, and for resource management.

According to the article, "Bioadhesive Interface for Marine Sensors on Diverse Soft Fragile Species," published in Nature Communications, this technology will increase the monitoring of oceanographic conditions, species habitat use, and the overall behavior of animals that are important ecologically and are key protein source for people worldwide. The way that this technique can scale up for various applications -- such as applying sensors to previously unmonitored animals to track their condition and movements- "is the vision of this paper," said journal article co-lead-author Seth Cones, a Ph.D. candidate in the MIT/WHOI Joint Program in Oceanography/Applied Ocean Science & Engineering.

The BIMS effectiveness derives from it containing a thin layer of a dried-hydrogel adhesive specifically engineered to form strong physical and chemical bonds with animal tissues and rapidly absorb the seawater from the surface of a marine species. The sensors then can adhere, as a soft yet strong hydrogel that conforms to the organism's body shape, in less than 20 seconds. Other methods of tagging can take up to 8.5 minutes which can stress an animal, disturb natural behaviors, and affect data quality.

The researchers tested the BIMS applicability to species with distinct tissues, including squid, skate, flounder, and lobster. In these ethically-approved tests -- mostly conducted at a large saltwater pool at WHOI's Environmental Systems Laboratory, in addition to field testing in the Azores Islands, Portugal -- BIMS was found to stay affixed to fragile aquatic animals for up to three days, which allows for long-term animal behavior monitoring.

The researchers tested a number of factors , including the interfacial toughness of the adhesive , adhesion stability, and its shear and tensile strength. They also assessed potential animal behavior disruption and found that the animals made a rapid return to baseline individual and group level behaviors.

"The BIMS allows us to sensor the animals and the oceans, so we can better predict the impact of climate change and other concerns affecting marine environments," said journal article co-author, Aran Mooney, an associate scientist in biology at WHOI.

Camilo Duque London, a graduate student in MIT's Department of Mechanical Engineering, added that another BIMS benefit is providing medicine to sick or injured animals, potentially including endangered species. The use of multiple sensors on one animal could also measure body kinematics and provide insights for designing bio-inspired marine robots. Future visions can integrate more sophisticated acoustic or optical sensors. He also emphasized the importance of the research collaboration between engineering and the marine sciences. "This paper presents a new approach and a new tool, crafted through interdisciplinary collaboration, that could be used by marine biologists who study fragile species."

Funding for this research was provided by the National Institutes of Health, the National Science Foundation, Naval Sea Systems Command, and the Bureau of Ocean Energy Management.
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Plastic pollution can kill variety of ocean embryos | ScienceDaily
High levels of plastic pollution can kill the embryos of a wide range of ocean animals, new research shows.


						
Scientists tested the effects of new PVC pellets (pre-production "nurdles" used to make many plastic products) on the development of seven species, spanning all major groups (superphyla) of ocean animals.

Exposure to high concentrations of PVC pellets prevented healthy development in all seven species.

The main process affected was morphogenesis -- an organism developing its shape -- and shapeless embryos cannot survive.

The study, by an international team led by the Stazione Zoologica Anton Dohrn (Italy) and the University of Exeter (UK), highlights the "potentially catastrophic effects" of rising levels of plastic in the ocean.

"When exposed to high levels of new PVC pellets, the species we examined went wrong in different ways," said first author Dr Eva Jimenez-Guri.

"Some failed to make a shell or a notocord, some failed to form proper bilateral (left-right) features, some just stopped developing after a few rounds of cell division.




"They all failed to make a viable embryo."

The study also included three species that reproduce asexually by regeneration (splitting) and found these were also affected by high concentrations of new PVC pellets.

"The level of pollution we examined would only be seen in circumstances such as a spill of PVC pellets," Dr Jimenez-Guri said.

"We know these happen. For example, millions of pellets were spilled from a cargo ship off Portugal in January.

"Rivers and beaches near petrochemical plants have also been found to contain very high levels of pre-production pellets."

The European Union is currently debating legislation aimed to reduce releases of pre-production plastic pellets.




The study also examined the toxic effects of plastic samples recovered from beaches.

While the effects were not as widespread as those of new PVC pellets, high concentrations were found to affect the development of molluscs, sea urchins, sea stars and sea squirts.

Coasts and rivers are known hotspots for plastic pollution and -- as the species in the study all live in coastal areas -- severe pollution could have a major impact.

"If you have extreme pollution at a time when these species are reproducing, then you don't have the next generation of those species," Dr Jimenez-Guri said.

Explaining how plastics cause developmental abnormalities, Dr Jimenez-Guri said plastics contain a complex variety of potentially harmful components including zinc in this case -- which are slowly released once plastic is in the water.

She added: "If we reach these extreme levels of plastic pollution at our coasts -- which happens in isolated cases but is thankfully uncommon at present -- many species may become unable to reproduce, with massive impacts for marine life, the wider environment and people.

"We need urgent action to reduce the amount of plastic entering the ocean."

The research was funded by a Marie Sk?odowska-Curie Action Fellowship awarded to Dr Jimenez-Guri.
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Yellowstone Lake ice cover unchanged despite warming climate | ScienceDaily
The length of time that Yellowstone Lake is covered by ice each year has not changed in the past century, despite warming temperatures in the region, according to new research led by University of Wyoming scientists.


						
That is an unexpected finding, as most lakes around the world are experiencing shorter durations of ice cover, the scientists note in a new paper published in the journal Environmental Research Letters.

"We show that contrary to expectation, the ice phenology of Yellowstone Lake has been uniquely resistant to climate change," wrote the scientists, led by Lusha Tronstad, lead invertebrate zoologist with UW's Wyoming Natural Diversity Database and Department of Zoology and Physiology, and Isabella Oleksy, a former UW postdoctoral researcher now on the University of Colorado-Boulder faculty. "The unchanging ice phenology of Yellowstone Lake stands in stark contrast to similar lakes in the Northern Hemisphere."

Other researchers involved in the study are from Utah State University, Colorado State University and Colorado Mesa University.

Situated at 7,733 feet above sea level in the heart of Yellowstone National Park, Yellowstone Lake is North America's largest high-elevation lake, roughly 20 miles long and 14 miles wide with a surface area of 132 square miles. It freezes over completely in late December or early January and usually thaws in late May or early June.

Records for the lake's ice-off date have been recorded each year by Lake Village Ranger Station staff since 1927, and the ice-on date has been recorded since 1931. In addition to studying those records, the scientists analyzed climate data for the same period, 1927-2022, including air temperatures and precipitation. They also compared Yellowstone Lake's data with seven similar lakes in northern Europe.

The lack of long-term change in the duration of Yellowstone Lake's ice cover was unexpected because the Yellowstone region has seen a warming climate, the researchers say. Since 1950, annual temperatures have increased by 1.8 degrees Fahrenheit throughout the greater Yellowstone ecosystem. The changes are particularly pronounced at the high elevation of Yellowstone Lake, where air temperatures increased by about 2.5 degrees Fahrenheit between 1980-2018.




"Using local weather data, we found some evidence for increased summer, fall and spring temperatures, primarily in the last three decades," the scientists wrote about air temperatures at Yellowstone Lake. "Given the key role of air temperatures in driving ice formation and break-up, it is noteworthy that we did not find evidence for corresponding shifts in ice phenology."

Why the apparent discrepancy?

While it is possible that fall minimum temperatures -- which are important in predicting ice formation -- are not rising as quickly as overall temperature trends in the region, a more likely explanation is that increased snowfall at Yellowstone Lake has served as a buffer against warmer weather, the scientists say.

Snow cover, particularly in spring, can delay ice break-up. Cumulative spring snow, which was strongly correlated with delayed ice-off dates, has nearly doubled over the last century at Yellowstone Lake, the research showed. In general, precipitation has increased in spring and fall there.

That differs from the Upper Green River Basin to the south, where snowfall has declined or been relatively stable at high elevations.

"Shifts in local precipitation, especially increases in fall and spring snow, appear to be buffering (Yellowstone Lake) ice phenology against warming temperatures," the researchers wrote.




But, the scientists are not sure how long this phenomenon will last, noting projections of continued warming and shifting precipitation regimes in the high Rocky Mountains.

"Our results, paired with recent analyses of climate projections, suggest a 'tipping point' may be coming when ice phenology abruptly changes for Yellowstone Lake," they wrote. "This tipping point will largely stem from the ongoing shift from snow- to rain-dominated precipitation regimes in the fall and spring.

"... Increased spring rainfall has not yet caused a detectable long-term trend toward earlier ice break-up, potentially because of the counteracting effects of increased spring snow. As temperatures warm further, and fall and spring snowfall decreases, ice phenology may rapidly change on Yellowstone Lake."

If that happens, "there may be wide-ranging consequences for nutrient cycling, lake productivity, fisheries and recreation," the scientists concluded.
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Florida Wildlife Corridor eases worst impacts of climate change | ScienceDaily
From rising temperatures and altered precipitation patterns to intense weather events such as hurricanes, Florida is experiencing significant climate-related challenges in tandem with skyrocketing insurance rates. As the state's population continues to surge by 1,000 new residents a day, it is projected to lose 3.5 million acres of land to development by 2070, threatening Florida's future ability to maintain biodiversity and ecosystem services.


						
A first-of-its-kind study highlights how Florida can buffer itself against both climate change and population pressures by conserving the remaining 8 million acres of "opportunity areas" within the Florida Wildlife Corridor (FLWC). Currently, about 10 million acres of the expansive FLWC's 18 million acres are already conserved permanently.

This superhighway of interconnected acres of wildlands, working lands and waters is the only designated statewide corridor in the United States, and a world-class adaption plan facing down ground zero of climate change in an already warm location. Spanning from Alabama to the Everglades, the FLWC not only protects endangered species like the Florida panther, but also brings economic and climate benefits to local communities. About 90 percent of Floridians live within 20 miles of the corridor.

The new report, "The Florida Wildlife Corridor and Climate Change: Managing Florida's Natural and Human Landscapes for Prosperity and Resilience," is a joint project by Florida Atlantic University, Archbold Biological Station, Live Wildly Foundation and numerous collaborators. The report paints a holistic picture of how climate change and population growth will impact Florida's communities and natural resources, and how the FLWC, if it were fully enacted, can continue to moderate those impacts.

The report offers hope that there are actions public and private partners can take to keep Florida's lands, waters and communities safe from the worst impacts of climate change. Protecting the FLWC not only shields wildlife from climate change and development, but also supports jobs, economies and ecosystem services such as drinking water and flood protection for people living both inside and outside the corridor.

The FLWC, a critical conservation initiative aimed at preserving natural landscape connectivity across Florida, is the culmination of four decades of research, advocacy and land protection by agencies, landowners and nonprofit organizations that led to the passage of the FLWC Act in 2021. Florida Gov. Ron DeSantis signed the law on July 1, 2021, after votes of 115-0 in favor in the state House and 40-0 in favor in the Senate. In recent years, the Florida Legislature has appropriated more than $2.3 billion to help protect its lands.

"State leadership has demonstrated its understanding of the deep link between clean water, healthy lands and a strong economy by supporting the creation of the Florida Wildlife Corridor and ongoing efforts," said Colin Polsky, Ph.D., lead author, founding director of the FAU School of Environmental, Coastal and Ocean Sustainability (ECOS) and a professor of geosciences in the Charles E. Schmidt College of Science. "Yet to date, the interactions between the corridor and climate change had not been examined. Findings from our report show substantial climate resilience benefits from the Florida Wildlife Corridor, yielding a much higher return on investment than originally thought."

Among the report's key findings:
    	Since the FLWC was approved in 2021, private property owners, with the support of state funding, have voluntarily conserved more than 170,000 acres of their lands within the corridor.
    	Florida burns more area with prescribed fire each year than any other region of North America, and possibly the world. The more that new housing, infrastructure and other development are scattered across the state, the more difficult it becomes to conduct prescribed burns and manage fire risk. If the corridor is not protected from expanding development, climate change could spark a fire crisis in Florida not unlike that in the western U.S. However, conserving the corridor is not sufficient -- funding and policies to allow controlled burns are needed to keep fuel loads from accumulating.
    	Twenty-four percent of all Florida properties have a more than 1 in 4 chance of being affected by flooding in the next 30 years. The FLWC provides billions of dollars of flood hazard protection, a vital service as precipitation increases under climate change. A large part of this benefit comes from keeping floodplains undeveloped. About 10 million acres of Florida's floodplains are located within the FLWC.
    	Incentivizing clustered, mixed-use development that takes the FLWC into account will preserve ecosystem services and minimize habitat fragmentation while reducing infrastructure costs.
    	The FLWC incentivizes keeping working lands in production, preserving their climate benefits while protecting farmers and billions of dollars of agricultural revenue. Farmers can contribute to climate resilience by implementing climate-smart management solutions. The FLWC helps reduce greenhouse gases and offers the potential for carbon markets.
    	Some wildlife species will need to move north to escape higher heat and saltwater intrusion into South Florida's Everglades. For example, the Florida black bear is being forced to move north to escape higher temperatures caused by climate change. But habitat fragmentation blocks these migratory escape routes. Designating linkages within the FLWC as areas of critical state concern would help ensure that the larger corridor remains a viable means of wildlife movement.
    	The FLWC and this report can be models for other regions experiencing growing populations, climate risks and at-risk biodiversity.




"The Florida Wildlife Corridor provides a leading example of ambitious landscape conservation planning on a regional scale. Florida has long been a leader in habitat connectivity planning, and the state should be proud that its efforts inspire others around the world," said Joshua Daskin, Ph.D., project manager, and director of conservation, Archbold. "The corridor is an example of how public and private partners can come together to achieve mutual economic, social and environmental goals at the local and state levels."

The FLWC climate report also provides policy recommendations for climate resilience such as limiting coastal, wetland and floodplain development in order to maintain flood mitigation services as well as supporting policies and legislation that integrate climate resilience into land use planning and conservation within the corridor.

"Even though our built environments are responsible for many of the luxuries we enjoy in Florida, our urban design and development choices are fundamental to protecting us from fires, floods, hurricanes, sea level rise and even human health risks such as heat stroke and heat-related death," said John "Jay' Baldwin, Ph.D., co-lead author, a professor of biological sciences and associate dean for faculty development, FAU College of Science. "Our report provides a blueprint for planning that will fulfil the economic ambitions of growing Florida communities while mitigating climate change risks and protecting Florida's people, places and wildlife."

The FLWC climate report collaborators include Florida State University, University of Central Florida, University of Florida, UF Center for Landscape Conservation Planning, University of South Florida, South Florida Water Management District, reTHINK Energy Florida, and Dover, Kohl & Partners Town Planning.

The report is supported by funding from the Live Wildly Foundation.
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Seed ferns: Plants experimented with complex leaf vein networks 201 million years ago | ScienceDaily
According to a research team led by palaeontologists from the University of Vienna, the net-like leaf veining typical for today's flowering plants developed much earlier than previously thought, but died out again several times. Using new methods, the fossilised plant Furcula granulifer was identified as such an early forerunner. The leaves of this seed fern species already exhibited the net-like veining in the late Triassic (around 201 million years ago). The study was recently published in the journal New Phytologist.


						
According to a research team led by palaeontologists from the University of Vienna, the net-like leaf veining typical for today's flowering plants developed much earlier than previously thought, but died out again several times. Using new methods, the fossilised plant Furcula granulifer was identified as such an early forerunner. The leaves of this seed fern species already exhibited the net-like veining in the late Triassic (around 201 million years ago). The study was recently published in the journal New Phytologist.

Mario Coiro and Leyla Seyfullah of the Department of Palaeontology at the University of Vienna, in collaborations with colleagues from the National Museum of Natural History in Stockholm and the Hebrew University in Jerusalem have investigated an almost 100 year old mystery that illuminates the origin of the most successful group of plants on Earth. "Looking within old collections with novel methods and concepts, we were able to identify a plant from the Late Triassic period that showed an unique set of leaf characters, as member of a much larger group that evolved similar traits with flowering plants without experiencing the same evolutionary success," explains palaeobotanist Mario Coiro.

"Although the 201 million year old fossil leaves of Furcula granulifer show the net-like hierarchical veining of leaves typical for most plants today, we found out that it is actually part of the now extinct group of seed ferns, so it seems that this typical leaf-form that allows efficient photosynthesis, has evolved several times during earth history," confirms Leyla Seyfullah, head of the research group "Palaeobotany and terrestrial palaeoecology" at the University of Vienna.

Plant revolution driven by leave evolution

Flowering plants, more specifically known as angiosperms, are the most important group of plants on Earth today, dominating most of the terrestrial ecosystems and being indispensable for human survival. Their appearance during the Cretaceous (145 -- 66 Million years ago) revolutionized terrestrial biodiversity, leading to the radiation of other groups such as mammals, insects, and birds, and leading to an increase of overall diversity on Earth.

This Angiosperm Terrestrial Revolution was in part driven by a unique innovation in angiosperm leaves: these present a netted hierarchical venation, which allows angiosperm to fix carbon dioxide in a much more efficient way. "Among the few other fossil plants having similar venation to angiosperms, the fossil leaf Furcula granulifer from the Late Triassic of Greenland bears such striking similarities that it was originally described as an angiosperm leaf, predating the oldest record of the group by more than 50 Million years," says Coiro. Although this claim was not widely supported by the scientific community, the real affinities of Furcula were not reinvestigated for almost 100 years.




Seeing with new eyes

Based on both historical material and newly investigated material, the team re-evaluated the affinities of Furcula based on both micromorphology and the anatomy of the impermeable coating surrounding leaves (the cuticle). By combining traditional microscopy and novel methods (Confocal Laser Scanning Miscroscopy), they suggest that Furcula was a relative of an extinct group of seed plants with fern-like leaves ("seed ferns"), the Peltaspermales, and that its angiosperm-like venation is a result of convergent evolution. Moreover, unlike angiosperms, the leaves of Furcula did not reach high densities of veins, and thus were not as efficient as angiosperm leaves in fixing carbon.

Failed experiments during the Triassic and Permian

The authors suggest that Furcula represented a failed attempt during the Late Triassic at convergence towards the efficient leaves that angiosperm will later evolve in the Cretaceous, since Furcula and its relatives went extinct probably during the Jurassic without reaching even a fraction of the angiosperm diversity.

The authors also identified another group of mysterious seed plants, the Gigantopteridales, as another failed attempt during the Permian period (approx. 300 million -- 250 million years ago). "Through these natural experiments we have the opportunity to understand the true reason of the flowering plant success, which probably lie in the evolution of multiple traits rather than a single key innovation," explains Seyfullah from the University of Vienna.
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Health behaviors accumulate and remain relatively stable throughout middle adulthood | ScienceDaily
In a study conducted at the Faculty of Sport and Health Sciences and Gerontology Research Center, it was observed that health behaviors are interrelated in such a way that individuals who are the least physically active also consume the most alcohol, and a significant portion of them also smoke. Healthier behaviors were similarly interrelated.


						
"Smoking, alcohol consumption, and physical activity are often investigated separately in studies, but our study approach takes into account that each of us engages in multiple health behaviors simultaneously," says doctoral researcher Johanna Ahola from the Gerontology Research Center and Faculty of Sport and Health Sciences.

The study followed the same individuals when they were 42 (2001), 50 (2009), and 61 years old (2020-2021). Health behavior patterns are relatively stable throughout middle adulthood, although particularly positive changes were observed during the 19-year follow-up period.

"The results are in line with previous studies. It was particularly encouraging to observe favorable behavior changes," says Ahola. "Smoking decreased significantly during the follow-up period, which may be related not only to age but also to the prevailing societal circumstances. It can also be speculated that with the increased incidence of diseases in middle adulthood compared to earlier ages, general health precaution and health-related goals may become more important, leading to changes in behavior."

Sociodemographic characteristics are reflected in health behavior patterns. Women, those who were married, held a degree, and were white-collar workers were more likely to engage in healthier behaviors. Similarly, those characterized by higher conscientiousness, openness, and agreeableness, as well as lower neuroticism and extraversion, were also more likely to adopt healthier behaviors.

"Examining personality traits in the health behavior patterns brought a new perspective compared to prior research," says Ahola. "It has been previously observed that individuals characterized by high extraversion are more physically active than those scoring low in the trait. For a physical activity researcher, it was surprising that, in this study, low extraversion was associated with healthier behaviors."

The research publication is based on the Jyvaskyla Longitudinal Study of Personality and Social Development, where the development of the same individuals has been followed for over 50 years. From 1968 to 2012, the research was led by Professor Lea Pulkkinen, and from 2013 onwards, it has been led by Research Director Katja Kokko. The publication is part of the TRAILS project funded by the Research Council of Finland. The writing of the research article was also supported by the JYPE research grant awarded by the Rehabilitation Foundation Peurunka and the University of Jyvaskyla.
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Biodiversity is key to the mental health benefits of nature | ScienceDaily
New research from King's College London has found that spaces with a diverse range of natural features are associated with stronger improvements in our mental wellbeing compared to spaces with less natural diversity.


						
Published in Scientific Reports and funded by the National Institute for Health and Care Research (NIHR) and Wellcome, this citizen science study used the smartphone application Urban Mind to collect real-time reports on mental wellbeing and natural diversity from nearly 2000 participants.

Researchers found that environments with a larger number of natural features, such as trees, birds, plants and waterways, were associated with greater mental wellbeing than environments with fewer features, and that these benefits can last for up to eight hours.

Further analysis found that nearly a quarter of the positive impact of nature on mental health could be explained by the diversity of features present. These findings highlight that policies and practices that support richness of nature and species are beneficial both for environment and for public mental health.

Lead author Ryan Hammoud, Research Assistant at the Institute of Psychiatry, Psychology & Neuroscience (IoPPN), King's College London, said:

"To our knowledge, this is the first study examining the mental health impact of everyday encounters with different levels of natural diversity in real-life contexts. Our results highlight that by protecting and promoting natural diversity we can maximise the benefits of nature for mental wellbeing. In practice, this means moving away from heavily curated monocultural pockets and parks of mown grass, which are typically associated with low biodiversity, towards spaces which mirror the biodiversity of natural ecosystems. By showing how natural diversity boosts our mental wellbeing, we provide a compelling basis for how to create greener and healthier urban spaces."

The study took place between April 2018 and September 2023, with 1,998 participants completing over 41,000 assessments. Each participant was asked to complete three assessments per day over a period of 14 days, entering information about their environment and answering a series of questions about their mental health. Natural diversity was defined by how many out of four natural features -trees, plants, birds and water -- were present within the participant's surrounding environment.




Data were collected using the Urban Mind app, developed by King's College London, landscape architects J&L Gibbons and arts foundation Nomad Projects. The Urban Mind project is funded by a Wellcome Climate Impacts Award to Professor Andrea Mechelli, the National Institute for Health and Care Research (NIHR) Maudsley Biomedical Research Centre and the NIHR Applied Research Collaboration South London.

Senior author Andrea Mechelli, Professor of Early Intervention in Mental Health at the IoPPN, said:

"In the context of climate change, we are witnessing a rapid decline in biodiversity in the UK as well as globally. Our results suggest that biodiversity is critical not only for the health of our natural environments but also for the mental wellbeing of the people who live in these environments. It is time to recognise that biodiversity brings co-benefits for planetary and human health and needs to be considered vital infrastructure within our cities."

'Smartphone-based ecological momentary assessment reveals an incremental association between natural diversity and mental wellbeing' by Hammoud, R. et al. is published in Scientific Reports. DOI : 10.1038/s41598-024-55940-7
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A single atom layer of gold: Researchers create goldene | ScienceDaily
For the first time, scientists have managed to create sheets of gold only a single atom layer thick. The material has been termed goldene. According to researchers from Linkoping University, Sweden, this has given the gold new properties that can make it suitable for use in applications such as carbon dioxide conversion, hydrogen production, and production of value-added chemicals. Their findings are published in the journal Nature Synthesis.


						
Scientists have long tried to make single-atom-thick sheets of gold but failed because the metal's tendency to lump together. But researchers from Linkoping University have now succeeded thanks to a hundred-year-old method used by Japanese smiths.

"If you make a material extremely thin, something extraordinary happens -- as with graphene. The same thing happens with gold. As you know, gold is usually a metal, but if single-atom-layer thick, the gold can become a semiconductor instead," says Shun Kashiwaya, researcher at the Materials Design Division at Linkoping University.

To create goldene, the researchers used a three-dimensional base material where gold is embedded between layers of titanium and carbon. But coming up with goldene proved to be a challenge. According to Lars Hultman, professor of thin film physics at Linkoping University, part of the progress is due to serendipidy.

"We had created the base material with completely different applications in mind. We started with an electrically conductive ceramics called titanium silicon carbide, where silicon is in thin layers. Then the idea was to coat the material with gold to make a contact. But when we exposed the component to high temperature, the silicon layer was replaced by gold inside the base material," says Lars Hultman.

This phenomenon is called intercalation and what the researchers had discovered was titanium gold carbide. For several years, the researchers have had titanium gold carbide without knowing how the gold can be exfoliated or panned out, so to speak.

By chance, Lars Hultman found a method that has been used in Japanese forging art for over a hundred years. It is called Murakami's reagent, which etches away carbon residue and changes the colour of steel in knife making, for example. But it was not possible to use the exact same recipe as the smiths did. Shun Kashiwaya had to look at modifications:

"I tried different concentrations of Murakami's reagent and different time spans for etching. One day, one week, one month, several months. What we noticed was that the lower the concentration and the longer the etching process, the better. But it still wasn't enough," he says.




The etching must also be carried out in the dark as cyanide develops in the reaction when it is struck by light, and it dissolves gold. The last step was to get the gold sheets stable. To prevent the exposed two-dimensional sheets from curling up, a surfactant was added. In this case, a long molecule that separates and stabilises the sheets, i.e. a tenside.

"The goldene sheets are in a solution, a bit like cornflakes in milk. Using a type of "sieve," we can collect the gold and examine it using an electron microscope to confirm that we have succeeded. Which we have," says Shun Kashiwaya.

The new properties of goldene are due to the fact that the gold has two free bonds when two-dimensional. Thanks to this, future applications could include carbon dioxide conversion, hydrogen-generating catalysis, selective production of value-added chemicals, hydrogen production, water purification, communication, and much more. Moreover, the amount of gold used in applications today can be much reduced.

The next step for the LiU researchers is to investigate whether it is possible to do the same with other noble metals and identify additional future applications.
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Most countries struggle to meet climate pledges from 2009 | ScienceDaily
Nineteen out of 34 countries surveyed failed to fully meet their 2020 climate commitments set 15 years ago in Copenhagen, according to a new study led by UCL researchers.


						
The study, published in Nature Climate Change, compared the actual net carbon emissions of more than 30 nations to their 2009 pledged emission reduction targets set during the Copenhagen Climate Summit.

The paper led by researchers at UCL and Tsinghua University is the first effort to comprehensively gauge how well countries were able to meet their Nationally Determined Contribution reduction pledges from COP15.

Of the 34 nations analysed in the study, 15 successfully met their goals while 12 failed outright. The remaining seven countries fell into a category the study authors termed the "halfway group": nations that reduced the carbon emissions within their own borders but did so in part by using trade to shift emissions they would have made to other countries. Known as "carbon leakage" or "carbon transfer," this outsourcing of carbon emissions is a growing concern amongst environmental policy makers as countries seek to meet newer net-zero targets.

To track this carbon leakage the researchers used a "consumption-based" emissions tracking method which provides a more comprehensive scheme to calculate a country's total carbon emissions. It not only accounts for the emissions originating from economic activities within the nation's territorial borders, but the carbon footprint of imported goods manufactured abroad.

Lead author Professor Jing Meng (UCL Bartlett School of Sustainable Construction) said: "It's important to be able to completely track carbon emissions, even when they're offshored, enabled by consumption-based analysis. Our concern is that the countries that struggled to reach their commitment from 2009 will likely encounter even more substantial difficulties reducing emissions even further."

These emissions goals were set in 2009 at the COP15 international climate summit in Copenhagen. There, despite being unable to reach a comprehensive global agreement, individual countries around the world established their own individual emissions reductions targets. This meant that established goals varied widely, from Croatia's modest but successful pledge to reduce carbon emissions by 5%, to Switzerland's relatively ambitious but unsuccessful effort to reduce its carbon emissions by 20-30% by 2020, relative to 1990 levels.




The research also highlights the disparities between the countries' different starting points. Though four eastern European nations -- Estonia, Lithuania, Latvia and Romania -- were successfully able to achieve their goals, the researchers point out that this was largely because much of the region's industry involved many outdated and highly inefficient technologies left over from the early 1990s that they've more recently transitioned away from using.

In addition, the researchers caution that the countries that struggled the most to meet their COP15 goals are likely to encounter even bigger challenges in the future as they face even greater demand for energy as their economies further expand and develop.

The main ways that countries were able to meet their emissions targets were by increasing the amount of clean energy they produced, especially transitioning away from coal power, and making more efficient use of the energy produced. Countries unable to meet their targets were largely unable to do so because increased consumption associated with rising GDP per capita and population grown outpaced their efforts to increase efficiency, even though many of the countries were able to increase their efficiency somewhat.

The more recent Paris Agreement, signed in 2015 at COP21, established a more ambitious and comprehensive global framework to reduce carbon emissions which superseded these nationally determined contributions.

Senior author Professor Dabo Guan (UCL Bartlett School of Sustainable Construction) said: "Reducing emissions is critical to combat the ongoing climate crisis. To do this, it's imperative we have an accurate and reliable account of emissions, and this research shows some of the challenges countries face to reduce emissions while maintaining their economic growth. Developed countries have a dual role -- rapidly reducing their own emissions, and providing financial aid and capacity building to developing countries, which most of them deliver insufficiently."

The full list of countries failing to meet their pledges is Australia, Austria, Canada, Cyprus, Ireland, Japan, the Netherlands, Norway, Portugal, Slovenia, Spain and Switzerland.

The halfway group is Belgium, Czech Republic, France, Hungary, Luxembourg, Malta and Poland.

The group that achieved their emissions reductions goals are Bulgaria, Croatia, Denmark, Estonia, Finland, Germany, Greece, Italy, Latvia, Lithuania, Romania, Slovakia, Sweden, the United Kingdom and the United States.
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Twisted pollen tubes induce infertility | ScienceDaily
Plants with multiple sets of chromosomes, known as polyploids, are salt-tolerant or drought-resistant and often achieve higher yields. However, newly formed polyploid plants are often sterile or have reduced fertility and are unsuitable for breeding resistant lines. The reason is that the pollen tube in these plants grows incorrectly, which keeps fertilization from taking place. Pollen tube growth is mainly controlled by two genes that could be useful in crop breeding.


						
Most mammals and humans have a double set of chromosomes -- and as a rule, plants do, too: one set comes from the father, the other from the mother. Such organisms are called diploids. However, sometimes the number of chromosome sets doubles from one generation to the next: one diploid organism suddenly becomes a tetraploid -- i.e. it has four sets of chromosomes.

Unlike in humans, where multiple genomes are usually fatal, polyploidy can have advantages for the plants affected. Plants with multiple genomes adapt better to the environment and are salt-tolerant or drought-resistant. In addition, they often produce larger seeds or fruits and result in greater yields -- promising characteristics for crops of the future.

But there's just one thing: newly formed polyploid individuals of a plant species are usually completely or almost completely sterile and cannot be propagated easily. The reason why these plants are infertile is not yet fully understood.

Genes that control the pollen tube

Kirsten Bomblies, ETH Professor of Molecular Plant Evolutionary Genetics, and her team have now discovered a previously unrecognised mechanism for reduced fertility in polyploids. In a recent study, published in Science, the researchers show that the pollen tube does not grow properly in newly formed polyploid plants.

Normally, a pollen grain that sticks to the stigma of a flower during pollination germinates into a long tube that grows straight and unbranched through the ovary to the ovules, where fertilisation takes place.




The ETH researchers have observed that in newly formed polyploid plants, the pollen tube does not grow straight, nor is it sufficiently long. "In our experiments, we observed all kinds of shapes," Bomblies says. "These pollen tubes could be crooked, branched, short, even burst -- but none of them reached their destination." This means that the male gametes, which are located at the tip of the pollen tube, cannot fuse with the plant's egg cells.

Bomblies and her colleagues investigated this phenomenon in sand rock-cress (Arabidopsis arenosa). Two types of this wildflower occur in nature: one with a double set (like us) and one with a quadruple set of chromosomes. Tetraploid rock-cresses have managed to overcome the disadvantage of genome duplication and can establish themselves in independent populations.

In earlier studies of such tetraploid sand rock-cress populations, the researchers identified genes associated with the plant's fertility for which novel variants had evolved in the tetraploids. Now, in this study, they worked back from these genes to figure out which traits they produce. This is in contrast to the more common approach in evolutionary genetics, where researchers start with a trait (phenotype) and attempt to identify the genes that cause it.

The reverse genetic search showed the ETH researchers that the two genes control the growth of the pollen tube. What's more, in established tetraploid populations of sand rock-cress, the genes in question are often slightly different to the versions found in diploid individuals. "In other words, evolution has found a way to minimally vary the two genes in such a way that tetraploid individuals are fertile," Bomblies says.

Benefits for plant breeding still unclear

Scientists have not yet unlocked all the secrets regarding the infertility of newly formed polyploids. "We're currently investigating other gene candidates that are also involved in pollen tube growth," Bomblies says.

Whether the new findings can be applied to plant breeding has yet to be investigated. However, the two genes are "highly conserved." This means that they have been preserved throughout an organism's evolutionary history and can be found in different species.

Bomblies thus believes it would be possible to transfer the two sand rock-cress genes to other species. She is currently working on this with her group: the researchers are testing whether they can transfer the two genes into the thale cress (Arabidopsis thaliana), a close relative of the sand rock-cress. "If we succeed in transferring the gene construct to another species, it could open up some interesting possibilities for breeding new crops," she says.
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'One ring to rule them all': How actin filaments are assembled by formins | ScienceDaily
Actin is a highly abundant protein that controls the shape and movement of all our cells. Actin achieves this by assembling into filaments, one actin molecule at a time. The proteins of the formin family are pivotal partners in this process: positioned at the filament end, formins recruit new actin subunits and stay associated with the end by 'stepping' with the growing filament. There are as many as 15 different formins in our cells that drive actin filament growth at different speeds and for different purposes. Yet, the exact mechanism of action of formins and the basis for their different inherent speeds have remained elusive.


						
Now, for the first time, researchers from the groups of Stefan Raunser and Peter Bieling at the Max Planck Institute of Molecular Physiology in Dortmund have visualized at the molecular level how formins bind to the ends of actin filaments. This allowed them to uncover how formins mediate the addition of new actin molecules to a growing filament. Furthermore, they elucidated the reasons for the different speeds at which the different formins promote this process. The MPI researchers used a combination of biochemical strategies and electron cryo-microscopy (cryo-EM). The breakthrough, published in the journal Science, can help us explain why certain mutations in formins can lead to neurological, immune, and cardiovascular diseases. Max Plank researchers from Dortmund unveil at the molecular level how ring-like formin proteins promote actin filament growth in cells

Joining forces

"Our discovery allows us to interpret decades of biochemical studies on formins through new lenses, which answers many long-standing, open questions in this field," says Peter Bieling. Previous structures from X-ray crystallization revealed that formins are made of two identical parts that encircle the actin filament in a ring-like conformation and step along it as it grows. In the speculative models suggested so far, formins interact through all their four binding domains with actin, while slow and fast-moving formin would adopt different shapes at the filament. "But those studies lacked high-resolution structures of formins bound to their relevant sites of activity, the barbed end of actin filaments," says Wout Oosterheert, postdoc in the group of Stefan Raunser at the MPI Dortmund and co-first author of the publication.

Formins are highly dynamic proteins that assemble filaments rapidly, hence it is difficult to obtain enough filament ends for detailed structure determination. The MPI scientists analyzed not just one, but three distinct formins originating from fungi, mice, and humans, which all elongate actin filaments at highly different speeds. "One of the formins that we studied is very fast and can be considered the Ferrari among formins, while another formin behaves more like a tractor," says Stefan Raunser. The scientists tested and optimized a wide variety of conditions that ultimately gave them a high number of formin-bound filaments. "We built on the experience that we gained from our previous studies. The iterative optimization of both the biochemistry and cryo-EM sample preparation was key for obtaining these structures," says Micaela Boiero Sanders, the other co-first author of the study.

A new paradigm

The new structures, with resolutions around 3.5 Angstrom, show that formins encircle actin like an asymmetric ring: One half of the ring is stably bound, while the other half is loosely associated with the filament and is free to capture a new subunit. "Analyzing the structures gave us a true 'Eureka' moment regarding the mechanism," say Oosterheert and Boiero Sanders. When the new actin subunit arrives, its incorporation onto the filament destabilizes the formin arrangement and requires the stable half-ring to step onto the new subunit and become loose, while the other half-ring becomes stable. Thanks to this concerted mechanism, formins stay associated with the growing actin filament end over long distances. Contrary to previous hypotheses, the structures are similar for all three analyzed formins, with only three binding domains being engaged with actin at the same time.

By introducing mutations into formins, the MPI scientists also explained the speed differences among actin-formin complexes: if the formin ring is bound more tightly to the actin filament end, it is more difficult for the ring to let go and step onto a new, incoming actin subunit. As a result, filament growth is slower. "We now understand how a formin that behaves like a tractor can be made faster by giving it some Ferrari-like features," says Peter Bieling. The MPI team expects that their results will be useful for the many scientists around the world that study the actin cytoskeleton. "Our new insights open up a large number of possibilities for elucidating the specific roles of the fifteen human formins at the cellular level, which can increase our understanding of how mutations in formin genes lead to severe diseases," concludes Raunser.
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Researchers can help shipowners achieve ambitious climate targets | ScienceDaily
Shipowners around the world are in a very difficult position, because they are having to order new ships now that will run on fuel and technologies that are not yet fully developed.


						
A new study suggests that ammonia could be a smart and energy-efficient fuel in the race to achieve net zero in shipping. Researchers at the Department of Industrial Economics and Technology Management (IOT) and the Department of Marine Technology (IMT) at the Norwegian University of Science and Technology (NTNU) and SINTEF Ocean are behind the study.

Help making choices in uncertain times

The researchers have developed a new model that can help shipowners and ship designers make good decisions in a time of great uncertainty. The study was recently published in Maritime Transport Research.

Postdoctoral fellow Benjamin Lagemann at the Department of Marine Technology describes the challenges the industry is facing:

"They need to choose a machinery system and make plans for the future. At the same time, there is considerable uncertainty related to fuel prices, carbon pricing, fuel bunkering availability and safety," he says.

Anyone investing in new ships or upgrading their fleet must make decisions now, or have plans for how they intend to meet the climate requirements.




Must be equipped for unknown requirements

The ships that are now being ordered will likely be part of the international fleet in 2050.

They need to be equipped such that the enormous machinery can be converted to run on new types of fuel in the future. In shipping terminology, this is called retrofitting.

"A lot is still under development, but the decisions made today will affect the possibilities for retrofitting and fuel choices in the future. This means that the shipowners have to commit to a decision to a certain extent, and thereby run the risk of not meeting future standards and expectations related to the environment," says Lagemann.

Supramax ships as an example

The study is based on a fleet of Supramax ships. The model incorporates factors such as emission figures from production to end use using a variety of different fuels, prices and other assumptions.




The ambition of the International Maritime Organization (IMO) is for shipping to be climate neutral by 2050. In addition, the industry must achieve major emission cuts by 2030 and 2040.

The NTNU researchers' model shows that IMO's ambitions have a strong impact on shipowners and ship designers' choice of propulsion systems.

"Anyone investing in new ships or upgrading their fleet must make decisions now, or have plans for how they intend to meet the climate requirements," says Professor Kjetil Fagerholt from the Department of Industrial Economics and Technology Management.

Shipowners need to act quickly

A lot is at stake, and shipowners need to act quickly. A standard Supramax cargo ship costs approximately NOK 300 million to build, and specialized ships can cost a lot more. The service life of these vessels is typically 20-30 years.

There is still a lot we don't know about the new low and zero-emission fuels, and how they will affect technology, machinery and propulsion systems. This year, a carbon quota system for shipping will be introduced in the EU, but no one knows what the carbon prices will be in the future.

Decisions must be sustainable

The researchers have fed all the variables into the models, and developed a probability distribution for how conditions might develop in the future.

"We create many different scenarios of what might happen, but don't draw any final conclusions on any of the outcomes," says Fagerholt.

Benjamin Lagemann says the model highlights many of the issues related to the choice of fuels, but not all of them. It requires few input parameters, and is therefore relatively easy to reuse. The intention is to give an indication of which solutions will work best over time.

Ammonia for the most ambitious

More than 80 per cent of the goods in global trade are transported refrigerated. The Supramax ships on which NTNU researchers' models are based are around 200 metres long, transport dry loads and weigh between 58,000 and 65,000 deadweight tonnes. There are currently almost 3000 ships of this type in operation, and they account for almost 10 per cent of global transport operations measured in tonne-miles.

It is not yet known what the requirements for emission cuts are going to be, so the researchers have studied two scenarios. One of them assumes a 90 per cent cut in emissions by 2045. The conclusion is that the fleet should be designed for ammonia-based propulsion systems. If the ambitions are lowered to a 50 per cent cut in emissions, the model recommends liquefied natural gas, i.e. methane-based propulsion systems.

Many factors point towards ammonia

In recent years, many reports have indicated that ammonia could lead the fleet into an emission-free future. The acrid smell of this chemical that is used in detergents and agricultural fertilisers is something we all recognise. When properly produced and used, ammonia can be an energy-efficient fuel to replace today's polluting fossil fuels. Ammonia does not emit any CO2, sulphur oxides or particles.

Providing advice for operating entire fleets

The researchers' work builds on previous research from postdoctoral fellow Benjamin Lagemann, showing how one single ship could be retrofitted over time to meet increasingly strict emissions requirements. They have now expanded the model to what they call a fleet perspective, and created two versions.

Simply explained, one version can suggest what shipping companies with many ships of different ages should do, and when it is smartest to do so. The other version will provide decision support to shipowners planning to build an entire fleet of new ships. One example is companies that are currently investing in building a fleet of completely new ammonia-powered ships.

Interest from home and abroad

When shipping companies invest, they want two things at once: the investment should yield the highest possible return while minimising the danger of unwanted risk. A company with 12 ships can spread the risk over time by choosing three different technologies for fuel and engine types. All of them can be retrofitted, but not all of them need to be retrofitted at the same time.

When the researchers were asked if they know whether their models will actually be used by those who need them, Lagemann replies:

"No, we don't know. But several industry actors, designers and shipping companies, both in Norway and abroad, have shown interest."
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Take it from the rats: A junk food diet can cause long-term damage to adolescent brains | ScienceDaily
A new USC-led study on rats that feasted on a high-fat, sugary diet raises the possibility that a junk food-filled diet in teens may disrupt their brains' memory ability for a long time.


						
"What we see not just in this paper, but in some of our other recent work, is that if these rats grew up on this junk food diet, then they have these memory impairments that don't go away," said Scott Kanoski, a professor of biological sciences at the USC Dornsife College of Letters, Arts and Sciences. "If you just simply put them on a healthy diet, these effects unfortunately last well into adulthood."

The study appears in the May issue of the journal Brain, Behavior, and Immunity.

In developing the study, Kanoski and lead author and postdoctoral research fellow Anna Hayes considered that prior research has shown a link between poor diet and Alzheimer's disease. People who suffer from Alzheimer's disease tend to have lower levels of a neurotransmitter called acetylcholine in the brain that is essential for memory and functions such as learning, attention, arousal and involuntary muscle movement.

The team wondered what this could mean for younger people who may be on a similar fat-filled, sugary Western diet, particularly during adolescence when their brain is undergoing significant development. By tracking the impact of the diet on the rats' levels of acetylcholine, and running the rats through some memory testing, they could learn more about the important relationship between diet and memory.

The researchers tracked the acetylcholine levels of a group of rats on a fatty, sugary diet and in a control group of rats by analyzing their brain responses to certain tasks designed to test their memory. The team examined the rats' brains post-mortem for signs of disrupted acetylcholine levels.

The memory test involved letting the rats explore new objects in different locations. Days later, the researchers reintroduced the rats to the scene that was nearly identical except for the addition of one new object. Rats on the junk food diet showed signs they could not remember which object they had previously seen, and where, while those in the control group showed familiarity.




"Acetylcholine signaling is a mechanism to help them encode and remember those events, analogous to 'episodic memory' in humans that allows us to remember events from our past," lead author Hayes explained. "That signal appears to not be happening in the animals that grew up eating the fatty, sugary diet."

Kanoski emphasized that adolescence is a very sensitive period for the brain when important changes are occurring in development. "I don't know how to say this without sounding like Cassandra and doom and gloom," he said, "but unfortunately, some things that may be more easily reversible during adulthood are less reversible when they are occurring during childhood."

There is at least some hope for intervention. Kanoski said that in another round of the study, the research team examined whether the memory damage in rats raised on the junk food diet could be reversed with medication that induces the release of acetylcholine. They used two drugs, PNU-282987 and carbachol, and found that with those treatments given directly to the hippocampus, a brain region that controls memory and is disrupted in Alzheimer's disease, the rats' memory ability was restored.

But without that special medical intervention, Kanoski said more research is needed to know how memory problems from a junk food diet during adolescence can be reversed.

In addition to Kanoski and Hayes, the team included other USC Dornsife researchers Logan Tierno Lauer, Alicia E. Kao, Molly E. Klug, Linda Tsan, Jessica J. Rea, Keshav S. Subramanian, Cindy Gu, Arun Ahuja, Kristen N. Donohue and Lea Decarie-Spain; Natalie Tanios of Keck School of Medicine of USC; as well as Anthony A. Fodor, Shan Sun of University of North Carolina-Charlotte.

The work was supported by the following: National Institute of Diabetes and Digestive and Kidney Diseases grant DK123423 (SEK, AF), National Institute of Diabetes and Digestive and Kidney Diseases grant DK104897 (SEK), Postdoctoral Ruth L. Kirschstein National Research Service Award from the National Institute on Aging F32AG077932 (AMRH), National Science Foundation Graduate Research Fellowships (separate awards to LT and KSS), Quebec Research Funds postdoctoral fellowship 315201 (LDS) and the Alzheimer's Association Research Fellowship to Promote Diversity AARFD-22-972811 (LDS).
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Can animals count? | ScienceDaily
Research co-led by neuroscientists Professor Yung Wing-ho from City University of Hong Kong (CityUHK) and Professor Ke Ya from The Chinese University of Hong Kong (CUHK) Faculty of Medicine (CU Medicine) has made a groundbreaking discovery regarding number sense in animals by confirming the existence of discrete number sense in rats, offering a crucial animal model for investigating the neural basis of numerical ability and disability in humans.


						
The research team has developed an innovative approach that employs a novel numerical learning task, brain manipulation techniques and artificial intelligence modelling, and that resolves an ongoing argument about whether rats have a sense of numbers. The study sheds light on the mechanisms underlying numerical ability. The findings have been published in the renowned multidisciplinary scientific journal Science Advances.

Number sense closely linked to survival and intelligence

Number sense is a fundamental ability in animals' perception of the world and increases their chances of survival. It is also an important cognitive ability, which is fundamental to mathematical aptitude, a hallmark of human intelligence. About 3% to 7% of people suffer from dyscalculia, a learning disability that affects the ability to learn arithmetic and mathematics of people of normal intelligence; a deficit in number sense is one of the major symptoms.

Number sense refers to the capability to compare, estimate and manipulate nonsymbolic numerical quantities, rather than associated magnitudes, which are continuous dimensions inherent in a group of items, such as the area of visual objects or the duration of sound pulses. There have been challenges regarding whether number sense can be assessed in isolation from the influence of continuous magnitudes. Also, there has been a vivid ongoing debate regarding whether the sense of magnitude or the sense of number is more fundamental.

Study confirms that the rat brain has a specific area for dealing with numbers

The research team minimised the influence of continuous magnitudes in numerical tests and conducted meticulous quantitative analyses in the study to determine the respective contributions of numbers and magnitudes. They developed an algorithm to generate stimuli that enable animals to focus only on numbers, minimising other distracting factors. This will help scientists better understand how animals perceive and quantify numbers.




The study found that rats without any previous knowledge of numbers were able to develop a sense of numbers when trained with sounds representing two or three numbers. Despite the influence of continuous magnitudes, the rats consistently focused on the number of sounds when making choices for food rewards.

Professor Yung, Associate Dean of the Jockey Club College of Veterinary Medicine and Life Sciences and Chair Professor of Cognitive Neuroscience at CityUHK, said, "Our study helps dissect the relationship between magnitude and numerosity processing. We discovered that when we blocked a specific part of the rats' brain, called the posterior parietal cortex, their ability to understand numbers was affected but not their sense of magnitude. This suggests that the brain has a specific area for dealing with numbers. In fact, this is the first time scientists have demonstrated that rats have the ability to discriminate and categorise three different numbers in a single test, surpassing a simple quantity comparison."

Professor Ke from the School of Biomedical Sciences at CU Medicine expressed excitement about the findings. "The study not only solves a long-standing mystery about how brains handle numbers, but also offers new insights into studying the specific neural circuits involved in number processing in animals and how genes are associated with mathematical ability," she said. "Furthermore, the findings from neural network modelling could have practical applications in the field of artificial intelligence. In the future, our increased understanding of the brain mechanisms underlying the processing of numbers may contribute to the development of interventions for individuals with numerical difficulties."

Professor Yung and Professor Ke are the corresponding authors. Other contributing authors include Dr Liang Tuo, Dr Peng Rongchao, Mr Rong Kanglin and Ms Li Jiaxin from CUHK.
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Hidden threat: Global underground infrastructure vulnerable to sea-level rise | ScienceDaily
As sea levels rise, coastal groundwater is lifted closer to the ground surface while also becoming saltier and more corrosive. A recent study by earth scientists at the University of Hawai'i (UH) at Manoa compiled research from experts worldwide showing that in cities where there are complex networks of buried and partially buried infrastructure, interaction with this shallower and saltier groundwater exacerbates corrosion and failure of critical systems such as sewer lines, roadways, and building foundations.


						
"While it has been recognized that shallowing groundwater will eventually result in chronic flooding as it surfaces, what's less known is that it can start causing problems decades beforehand as groundwater interacts with buried infrastructure," said Shellie Habel, lead author and coastal geologist in the School of Ocean and Earth Science and Technology (SOEST) at UH Manoa. "This knowledge gap often results in coastal groundwater changes being fully overlooked in infrastructure planning."

The research team aimed to create awareness about these issues and offer guidance from world experts on managing them. Habel and co-authors reviewed existing literature to examine the diverse effects on different types of infrastructure. Additionally, by employing worldwide elevation data and geospatial data that indicate the extent of urban development, they identified 1,546 low-lying coastal cities and towns globally, where around 1.42 billion people live, that are likely experiencing these impacts.

"The IPCC 6th Assessment Report tells us that sea level rise is an unstoppable and irreversible reality for centuries to millennia," said Chip Fletcher, study co-author, interim Dean of SOEST, and director of the Climate Resilience Collaborative (CRC) at UH Manoa. "Now is the time to prepare for the challenges posed by this problem by redesigning our communities for greater resilience and social equity."

Concealed damage

Well before the visible effects of surface flooding, sea-level rise pushes up the water table and shifts salty water landward. With this, the subsurface environment becomes more corrosive to critical underground infrastructure networks -- buried drainage and sewage lines can become compromised and mobilize urban contamination, and building foundations can weaken.

Extensive research conducted by the CRC has substantiated that critical infrastructure around the world, including drainage and basements, is likely currently experiencing flooding from rising groundwater levels.




"The damage caused by sea level rise-influenced coastal groundwater is often concealed and not immediately perceptible," said Habel, who is based at the CRC and Hawai'i Sea Grant in SOEST. "As a result, it tends to be overlooked in infrastructure management and planning efforts."

Informing management strategies

The study authors emphasize the importance of research efforts that can contribute to informed adaptation strategies.

"Being aware of these hidden impacts of sea level rise is of significant importance for the State of Hawai'i due to the concentration of communities situated along low-lying coastal zones where groundwater is generally very shallow," said Habel.

The CRC actively collaborates with partners across the nation and infrastructure managers in Hawai'i to gain a comprehensive assessment of how vital infrastructure, encompassing pipe networks, roadways, and buildings, is impacted. Understanding the impacts and risks associated with sea level rise-influenced coastal groundwater enables more effective management and adaptation.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240415163741.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Unlocking the 'chain of worms' | ScienceDaily
An international team of scientists including B. Duygu Ozpolat at Washington University in St. Louis has published the first single-cell atlas for Pristina leidyi (Pristina), the water nymph worm, a segmented annelid with extraordinary regenerative abilities that has fascinated biologists for more than a century.


						
Annelid worms -- including the most familiar among them, the earthworms -- are a broadly distributed, highly diverse, economically and environmentally important group of animals.

Most annelids can regenerate missing body parts, and many are able to reproduce asexually. But the adult stem cell populations involved in these processes, as well as the diversity of cell types generated by the stem cells, have remained unknown.

This particular worm, Pristina, first caught the eye of biologists in the 1800s and has remained an object of much interest. Under laboratory conditions, Pristina grows very rapidly and creates copies of itself by asexual reproduction.

Using a mechanism called paratomic fission, the worm starts forming and differentiating new head and tail segments from within a single body segment, producing what is known as a "chain of worms." Eventually these clones separate and become distinct individuals.

"These worms are constantly generating all body parts and therefore all adult cell types," said Ozpolat, an assistant professor of biology in Arts & Sciences.

In all, the new single-cell atlas for this worm assembles 75,218 single-cell transcriptomes characterizing all major annelid cell types, including complex patterns of regionally expressed genes in the annelid gut, as well as neuronal, muscle and epidermal specific genes. The study is published in Nature Communications.

"We want to understand how different organisms like Pristina have evolved to continuously grow throughout their lives and regenerate, the nature of cells involved in these processes, and molecular signatures they have," Ozpolat said.




"Different organisms have evolved different strategies," she said. "The cellular and genetic mechanisms we learn from the worms not only help us understand these fascinating organisms better, but can also inform stem cell technologies and regenerative medicine down the line."

"It is curious that these worms can maintain adult stem cells indefinitely," Ozpolat said.

"We have grown thousands of clones from a single individual, and our worm cultures are still going strong."

Segmented reality

Ozpolat produced and mapped the single-cell atlas for Pristina in partnership with Jordi Solana at University of Exeter in the United Kingdom and Patricia Alvarez-Campos at Universidad Autonoma de Madrid. Solana and his group had previously focused on stem cells in a different type of worm: the planarian, or flatworm.

Pristina was a new challenge for the combined team to take on. Annelids like Pristina have bodies that are made up of a series of segments with a growth zone at the tail end which produces new segments continuously from two concentric rings of stem cells.




And then there was Pristina's unusual tendency to bud, or make a chain.

"When the animal reaches a certain size, then it somehow senses that it has reached the threshold to split," Ozpolat said. "And so, it starts making a head and then a new tail in the middle of its body. This means it has to completely reorganize what used to be a segment that contained the intestine into a segment that now will have a new brain, or new ovaries and testes."

As a postdoctoral scholar, Ozpolat was most interested in how worms made new gonads as part of this chain-like reproductive process.

For her future research directions, she plans to also focus on the gut.

"With single-cell atlases, you take an entire organism and you literally split it into its individual cells. And then you look at gene expression in each cell separately," she said. "Then you group them into these maps, based on their similarities in terms of gene expression patterns.

"We found cell types that we didn't even know that existed in this animal," Ozpolat said. "Its gut is so neatly organized and specific. There are about 12 different gut cell types in this tiny little worm, which will be very interesting for future projects we're already working on.

"It just opens up so many doors now that you can visualize these different cell types, and how they behave during fission and regeneration," she said.
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Millions of gamers advance biomedical research | ScienceDaily
Leveraging gamers and video game technology can dramatically boost scientific research according to a new study published today in Nature Biotechnology.


						
4.5 million gamers around the world have advanced medical science by helping to reconstruct microbial evolutionary histories using a minigame included inside the critically and commercially successful video game, Borderlands 3. Their playing has led to a significantly refined estimate of the relationships of microbes in the human gut. The results of this collaboration will both substantially advance our knowledge of the microbiome and improve on the AI programs that will be used to carry out this work in future.

Tracing the evolutionary relationships of bacteria

By playing Borderlands Science, a mini-game within the looter-shooter video game Borderlands 3, these players have helped trace the evolutionary relationships of more than a million different kinds of bacteria that live in the human gut, some of which play a crucial role in our health. This information represents an exponential increase in what we have discovered about the microbiome up till now. By aligning rows of tiles which represent the genetic building blocks of different microbes, humans have been able to take on tasks that even the best existing computer algorithms have been unable to solve yet.

The project was led by McGill University researchers, developed in collaboration with Gearbox Entertainment Company, an award-winning interactive entertainment company, and Massively Multiplayer Online Science (MMOS), a Swiss IT company connecting scientists to video games), and supported by the expertise and genomic material from the Microsetta Initiative led by Rob Knight from the Departments of Pediatrics, Bioengineering, and Computer Science & Engineering at the University of California San Diego.

Humans improve on existing algorithms and lay groundwork for the future 

Not only have the gamers improved on the results produced by the existing programs used to analyze DNA sequences, but they are also helping lay the groundwork for improved AI programs that can be used in future.




"We didn't know whether the players of a popular game like Borderlands 3 would be interested or whether the results would be good enough to improve on what was already known about microbial evolution. But we've been amazed by the results." says Jerome Waldispuhl, an associate professor in McGill's School of Computer Science and senior author on the paper published today. "In half a day, the Borderlands Science players collected five times more data about microbial DNA sequences than our earlier game, Phylo, had collected over a 10-year period."

The idea for integrating DNA analysis into a commercial video game with mass market appeal came from Attila Szantner, an adjunct professor in McGill's School of Computer Science and CEO and co-founder of MMOS. "As almost half of the world population is playing with videogames, it is of utmost importance that we find new creative ways to extract value from all this time and brainpower that we spend gaming," says Szantner. "Borderlands Science shows how far we can get by teaming up with the game industry and its communities to tackle the big challenges of our times."

"Gearbox's developers were eager to engage millions of Borderlands players globally with our creation of an appealing in-game experience to demonstrate how clever minds playing Borderlands are capable of producing tangible, useful, and valuable scientific data at a level not approachable with non-interactive technology and mediums," said Randy Pitchford, founder and CEO of Gearbox Entertainment Company. "I'm proud that Borderlands Science has become one of the largest and most accomplished citizen science projects of all time, forecasting the opportunity for similar projects in future video games and pushing the boundaries of the positive effect that video games can make on the world."

Relating microbes to disease and lifestyle

The tens of trillions of microbes that colonize our bodies play a crucial role in maintaining human health. But microbial communities can change over time in response to factors such as diet, medications, and lifestyle habits.

Because of the sheer number of microbes involved, scientists are still only in the early days of being able to identify which microorganisms are affected by, or can affect, which conditions. Which is why the researchers' project and the results from the gamers are so important.




"We expect to be able to use this information to relate specific kinds of microbes to what we eat, to how we age, and to the many diseases ranging from inflammatory bowel disease to Alzheimer's that we now know microbes to be involved in," adds Knight, who also directs the Center for Microbiome Innovation at the UC San Diego. "Because evolution is a great guide to function, having a better tree relating our microbes to one another gives us a more precise view of what they are doing within and around us."

Building communities to advance knowledge

"Here we have 4.5 million people who contributed to science. In a sense, this result is theirs too and they should feel proud about it," says Waldispuhl. "It shows that we can fight the fear or misconceptions that members of the public may have about science and start building communities who work collectively to advance knowledge."

"Borderlands Science created an incredible opportunity to engage with citizen scientists on a novel and important problem, using data generated by a separate massive citizen science project," adds Daniel McDonald, the Scientific Director of the Microsetta Initiative. "These results demonstrate the remarkable value of open access data, and the scale of what is possible with inclusive practices in scientific endeavors."
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Microplastics make their way from the gut to other organs | ScienceDaily
It's happening every day. From our water, our food and even the air we breathe, tiny plastic particles are finding their way into many parts of our body.


						
But what happens once those particles are inside? What do they do to our digestive system?

In a recent paper published in the journal Environmental Health Perspectives, University of New Mexico researchers found that those tiny particles -- microplastics -- are having a significant impact on our digestive pathways, making their way from the gut and into the tissues of the kidney, liver and brain.

Eliseo Castillo, PhD, an associate professor in the Division of Gastroenterology & Hepatology in the UNM School of Medicine's Department of Internal Medicine and an expert in mucosal immunology, is leading the charge at UNM on microplastic research.

"Over the past few decades, microplastics have been found in the ocean, in animals and plants, in tap water and bottled water," Castillo, says. "They appear to be everywhere."

Scientists estimate that people ingest 5 grams of microplastic particles each week on average -- equivalent to the weight of a credit card.

While other researchers are helping to identify and quantify ingested microplastics, Castillo and his team focus on what the microplastics are doing inside the body, specifically to the gastrointestinal (GI) tract and to the gut immune system.




Over a four-week period, Castillo, postdoctoral fellow Marcus Garcia, PharmD, and other UNM researchers exposed mice to microplastics in their drinking water. The amount was equivalent to the quantity of microplastics humans are believed to ingest each week.

Microplastics had migrated out of the gut into the tissues of the liver, kidney and even the brain, the team found. The study also showed the microplastics changed metabolic pathways in the affected tissues.

"We could detect microplastics in certain tissues after the exposure," Castillo says. "That tells us it can cross the intestinal barrier and infiltrate into other tissues."

Castillo says he's also concerned about the accumulation of the plastic particles in the human body. "These mice were exposed for four weeks," he says. "Now, think about how that equates to humans, if we're exposed from birth to old age."

The healthy laboratory animals used in this study showed changes after brief microplastic exposure, Castillo says. "Now imagine if someone has an underlying condition, and these changes occur, could microplastic exposure exacerbate an underlying condition?"

He has previously found that microplastics are also impacting macrophages -- the immune cells that work to protect the body from foreign particles.




In a paper published in the journal Cell Biology & Toxicology in 2021, Castillo and other UNM researchers found that when macrophages encountered and ingested microplastics, their function was altered and they released inflammatory molecules.

"It is changing the metabolism of the cells, which can alter inflammatory responses," Castillo says. "During intestinal inflammation -- states of chronic illness such as ulcerative colitis and Crohn's disease, which are both forms of inflammatory bowel disease -- these macrophages become more inflammatory and they're more abundant in the gut."

The next phase of Castillo's research, which is being led by postdoctoral fellow Sumira Phatak, PhD, will explore how diet is involved in microplastic uptake.

"Everyone's diet is different," he says. "So, what we're going to do is give these laboratory animals a high-cholesterol/high-fat diet, or high-fiber diet, and they will be either exposed or not exposed to microplastics. The goal is to try to understand if diet affects the uptake of microplastics into our body."

Castillo says one of his PhD students, Aaron Romero, is also working to understand why there is a change in the gut microbiota. "Multiple groups have shown microplastics change the microbiota, but how it changes the microbiota hasn't been addressed."

Castillo hopes that his research will help uncover the potential impacts microplastics are having to human health and that it will help spur changes to how society produces and filtrates plastics.

"At the end of the day, the research we are trying to do aims to find out how this is impacting gut health," he says. "Research continues to show the importance of gut health. If you don't have a healthy gut, it affects the brain, it affects the liver and so many other tissues. So even imagining that the microplastics are doing something in the in the gut, that chronic exposure could lead to systemic effects."
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GeoAI technologies for sustainable urban development | ScienceDaily
From heatwaves to pandemic diseases, the urban environments of the world face numerous challenges. Researchers at the Hong Kong Polytechnic University are harnessing artificial intelligence (AI) and informatics to address emerging concerns related to environmental changes and urban growth.


						
Innovative geospatial and AI technologies offer ground-breaking solutions and insights into the dynamic changes occurring in our natural and social surroundings. The applications of GeoAI are rapidly expanding across various fields, encompassing transportation, urban and public safety, planning, climate change and natural disasters.

Prof. Qihao WENG, Chair Professor of Geomatics and Artificial Intelligence of the Department of Land Surveying and Geo-Informatics, and Global STEM Professor, established the PolyU Research Centre for Artificial Intelligence in Geomatics (RCAIG), to focus on the development of original and innovative AI methodologies and technologies for geomatics and their applications in urban areas, with the goal of it becoming a global R&D hub in GeoAI. Prof. Weng has recently been honoured with the 2024 American Association of Geographers (AAG) Wilbanks Prize for Transformational Research in Geography and the 2024 AAG Remote Sensing Specialty Group Lifetime Achievement Honor Award for his ground-breaking contributions in geography.

Earth observations Prof. WENG said, "By leveraging the latest geospatial technology and AI, we stand at the forefront of addressing global environmental and societal challenges. Our research encompasses a wide spectrum of subjects in the fields of earth observations and geoinformatics."

Satellite observations are invaluable tools for our community, relying on satellite imagery, videos and data that are crucial for informed decision-making in urban resilience and public health. For instance, satellite observations help us understand the impact of extreme heatwave on population exposure and aid in the development of urban flood monitoring algorithms. Real-time data acquisition also facilitate applications in traffic conditions, air quality, nature disasters, population movement and urban land use.

Prof. WENG said, "Earth observation is important as a guiding compass for understanding changes in the environment and society. Our research focuses on diverse fields including Geospatial big data and AI, remote sensing, ground-based sensors, navigation and positioning, surveying and geodesy, laser scanning and photogrammetry. These technologies play a crucial role in addressing and resolving key issues."

In particular, GeoAI has revolutionised building monitoring by utilising thousands of learnable parameters. An illustration of this is its ability to automatically learn and identify general patterns of buildings such as colour and shape. This technology is crucially applied to detect disaster-damaged buildings, retrieve building height, identify structural changes, and estimate building energy consumption. As a result, GeoAI has emerged as a mainstream solution for more efficient and insightful building monitoring.




Environmental monitoring 

As the world rapidly urbanises, cities become the focal point of diverse aspects of human development, including building and environmental monitoring, conservation efforts, urban safety, and the impacts of climate change.

By leveraging AI techniques like deep neural networks, alongside with remote sensing methods, these technologies have the ability to detect and track changes such as in habitats, urbanisation and deforestation patterns. Additionally, monitoring the uptake of carbon by vegetation plays a crucial role in combating climate change and developing effective mitigation strategies.

For urban resilience and public health, these technologies aim to enhance the ability of urban areas to withstand and recover from various challenges such as extreme heatwaves, while promoting the well-being and sustainable development of urban population.

In the field of urbanisation monitoring, research team of the RCAIG has developed an impervious surface area (ISA) based urban cellular automata (CA) model that can simulate the fractional change of urban areas within each grid by utilising annual urban extent time series data obtained from satellite observations. By characterising the historical pathways of urban area growth under different levels of urbanisation, the model offers more detailed insights compared to traditional binary CA models. This demonstrates its great potential in supporting sustainable development.

Research conducted by Ms Wanru HE, an RCAIG doctoral research assistant and the team, titled "Modeling gridded urban fractional change using the temporal context information in the urban cellular automata model" was published on Cities. Their model effectively capture the dynamics of urban sprawl with significantly improved computational efficiency and performance, and it enables the modelling of urban growth at regional even global level, under diverse future urbanisation scenarios.




GeoAI for traffic management

GeoAI utilises machine learning and deep learning to effectively analyse intricate information, offering applications like real-time traffic management. Through the integration of diverse data modalities, such as text, images, and knowledge graphs, GeoAI enables accurate traffic flow prediction, route optimisation, accident warnings, and the planning of an efficient traffic network. Consequently, this contributes to the advancement of smart traffic management.

To enhance the efficiency of ride-hailing platforms and achieve intelligent management of their services, research team of the RCAIG has developed a multi-agent order matching and vehicle repositioning (MAMR) approach. This innovative technology focuses on coordinating the supply and demand of ride-hailing services, ultimately aiming to improve their overall efficiency.

This approach provides a ground-breaking solution to tackle two critical aspects of efficient ride-hailing services. Firstly, it addresses order matching by efficiently assigning orders to available vehicles. Secondly, it incorporates proactive vehicle repositioning, strategically deploying idle vehicles to regions with potentially high demand. Based on multi-agent deep reinforcement learning (MARL), this innovation solves the complex planning in transportation and offers a news perspective on long-term spatiotemporal planning problem. The research conducted by Ms Mingyue XU, another RCAIG researcher and the team, titled "Multi-agent reinforcement learning to unify order-matching and vehicle-repositioning in ride-hailing services," was published on International Journal of Geographical Information Science. The study demonstrated outperforming results, including reduced passenger rejection rates and driver idle time. With a focus on geospatial artificial intelligence (GeoAI), the RCAIG and the POLEIS at PolyU are dedicated to conducting research in diverse fields, including urban building and energy, urban safety and securing, environmental monitoring and conservation and urban resilience and public health. This aligns with the 11th United Nations Sustainable Development Goal (SDG11), which aims to create inclusive, safe, resilient, and sustainable cities and human settlements.

About RCAIG The research focus of RCAIG is on exploring and applying AI in geomatics. In particular, GeoAI represents the fusion of AI with geospatial data and technology, utilising a multidisciplinary approach to analyse, predict and visualise complex patterns within geospatial data. Its significance lies in its ability to provide profound insights and more accurate results compared to conventional geospatial techniques.
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Digging up new species of Australia and New Guinea's giant fossil kangaroos | ScienceDaily
Palaeontologists from Flinders University have described three unusual new species of giant fossil kangaroo from Australia and New Guinea, finding them more diverse in shape, range and hopping method than previously thought.


						
The three new species are of the extinct genus Protemnodon, which lived from around 5 million to 40,000 years ago -- with one about double the size of the largest red kangaroo living today.

The research follows the discovery of multiple complete fossil kangaroo skeletons from Lake Callabonna in arid South Australia in 2013, 2018 and 2019. These extraordinary fossils allowed lead researcher Dr Isaac Kerr, then a PhD student, to unpick a nearly 150-year-long puzzle around the identities of the species of Protemnodon.

The new Flinders University study reviewed all species of Protemnodon, finding that they were quite different from one another. The species adapted to live in differing environments and even hopped in different ways.

Protemnodon would have looked something like a grey kangaroo, but were generally more squat and muscular. While some species were around 50 kg, others were much larger than any living kangaroo.

However, one new species named as part of the latest study -- named Protemnodon viator -- was much bigger, weighing up to 170 kg. This is about twice as much as the largest male red kangaroos.

Protemnodon viator was well-adapted to its arid central Australian habitat, living in similar areas to the red kangaroos of today. It was a long-limbed kangaroo that could hop fairly quickly and efficiently. Its name, viator, is Latin for 'traveller' or 'wayfarer'.




The Australian researchers discovered two other new species -- Protemnodon mamkurra and Protemnodon dawsonae -- while also revisiting the work of earlier researchers including British naturalist Sir Richard Owen who coined the term 'dinosaur' in Victorian England.

The first species of Protemnodon were described in 1874 by British palaeontologist Owen who followed the common approach of the time, to focus chiefly on fossil teeth. He saw slight differences between the teeth of his specimens, and described six species of Protemnodon.

Successive studies have whittled away at some of these early descriptions, however the new Flinders University study agrees with one of his species, Protemnodon anak. This first specimen described, called the holotype, still resides in the Natural History Museum in London.

Dr Kerr says it previously was suggested that some or all Protemnodon were quadrupedal. "However, our study suggests that this is true of only three or four species of Protemnodon, which may have moved something like a quokka or potoroo -- that is bounding on four legs at times, and hopping on two legs at others.

"The newly described Protemnodon mamkurra is likely one of these. A large but thick-boned and robust kangaroo, it was probably fairly slow-moving and inefficient. It may have hopped only rarely, perhaps just when startled."

Dr Kerr says the best fossils of this species come from Green Waterhole Cave in southeastern South Australia, on the land of the Boandik people. The species name, mamkurra, was chosen by Boandik elders and language experts in the Burrandies Corporation. It means 'great kangaroo'.




It's unusual to have a single genus of kangaroo live in such varied environments, he says. "For example, the different species of Protemnodon are now known to have inhabited a broad range of habitats, from arid central Australia into the high-rainfall, forested mountains of Tasmania and New Guinea."

The third of the new species, Protemnodon dawsonae, is known from fewer fossils than the other two, and is more of a mystery. It was most likely a mid-speed hopper, something like a swamp wallaby.

It was name in honour of the research work of Australian palaeontologist Dr Lyndall Dawson, who studied kangaroo systematics and the fossil material from 'Big Sink', the part of the Wellington Caves in NSW, from which the species is mostly known.

To gather data for the study, Dr Kerr visited the collections of 14 museums in four countries and studied "just about every piece of Protemnodon there is."

"We photographed and 3D-scanned over 800 specimens collected from all over Australia and New Guinea, taking measurements, comparing and describing them. It was quite the undertaking.

"It feels so good to finally have it out in the world, after five years of research, 261 pages and more than 100,000 words. I really hope that it helps more studies of Protemnodon happen, so we can find out more of what these kangaroos were doing.

"Living kangaroos are already such remarkable animals, so it's amazing to think what these peculiar giant kangaroos could have been getting up to."

While Protemnodon fossils are fairly common across Australia, they have historically been found 'isolated', or, as individual bones without the rest of the animal. This has hampered palaeontologists' study of Protemnodon in the past, making it difficult to say how many species there were, how to tell them apart -- and how the species differed in size, geographic range, movement and adaptations to their natural environments.

By about 40,000 years ago, all Protemnodon were extinct on mainland Australia, maybe lingering a while longer in New Guinea and Tasmania. This extinction occurred despite their differences in size, adaptations, habitat and geographic range.

For reasons not yet clear the same did not happen to many similar and closely related animals, such as wallaroos and grey kangaroos. This question may soon be answered by further research aided in some part by this study.

"It's great to have some clarity on the identities of the species of Protemnodon," says Flinders Professor Gavin Prideaux, a co-author of the major new article in Megataxa.

"The fossils of this genus are widespread and they're found regularly, but more often than not you have no way of being certain which species you're looking at. This study may help researchers feel more confident when working with Protemnodon."
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Evolution's recipe book: How 'copy paste' errors cooked up the animal kingdom | ScienceDaily
A series of whole genome and gene duplication events that go back hundreds of millions of years have laid the foundations for tissue-specific gene expression, according to a new study in the journal Nature Ecology and Evolution. The 'copy paste' errors allowed animals to keep one copy of their genome or genes for fundamental functions, while the second copy could be used as raw material for evolutionary innovation. Events like these, at varying degrees of scale, occurred constantly throughout the bilaterian evolutionary tree and enabled traits and behaviours as diverse as insect flight, octopus camouflage and human cognition.


						
700 million years ago, a remarkable creature emerged for the first time. Though it may not have been much to look at by today's standards, the animal had a front and a back, a top and a bottom. This was a groundbreaking adaptation at the time, and one which laid down the basic body plan which most complex animals, including humans, would eventually inherit.

The inconspicuous animal resided in the ancient seas of Earth, likely crawling along the seafloor. This was the last common ancestor of bilaterians, a vast supergroup of animals including vertebrates (fish, amphibians, reptiles, birds, and mammals), and invertebrates (insects, arthropods, molluscs, worms, echinoderms and many more).

To this day, more than 7,000 groups of genes can be traced back to the last common ancestor of bilaterians, according to a study of 20 different bilaterian species including humans, sharks, mayflies, centipedes and octopuses. The findings were made by researchers at the Centre for Genomic Regulation (CRG) in Barcelona and are published today in the journal Nature Ecology and Evolution.

Remarkably, the study found that around half of these ancestral genes have since been repurposed by animals for use in specific parts of the body, particularly in the brain and reproductive tissues. The findings are surprising because ancient, conserved genes usually have fundamental, important jobs that are needed in many parts of the body.

When the researchers took a closer look, they found a series of serendipitous 'copy paste' errors during bilaterian evolution were to blame. For example, there was a significant moment early in the history of vertebrates. A bunch of tissue-specific genes first appeared coinciding with two whole genome duplication events. Animals could keep one copy for fundamental functions, while the second copy could be used as raw material for evolutionary innovation. Events like these, at varying degrees of scale, occurred constantly throughout the bilaterian evolutionary tree.

"Our genes are like a vast library of recipes that can be cooked up differently to create or change tissues and organs. Imagine you end up with two copies of a recipe for paella by accident. You can keep and enjoy the original recipe while evolution tweaks the extra copy so that it makes risotto instead. Now imagine the entire recipe book is copied -- twice -- and the possibilities it opens for evolution. The legacy of these events, which took place hundreds of millions of years ago, lives on in most complex animals today," explains Federica Mantica, author of the paper and researcher at the Centre for Genomic Regulation (CRG) in Barcelona.




The authors of the study found many examples of new, tissue-specific functions made possible by the specialisation of these ancestral genes. For example, the TESMIN and tomb genes, which originated from the same ancestor, ended up independently playing a specialised role in the testis both in vertebrates and insects. Their importance is highlighted by the fact that problems with these genes can disrupt sperm production, affecting fertility in both mice and fruit flies.

The specialisation of ancestral genes also laid some foundations for the development of complex nervous systems. For example, in vertebrates, the researchers found genes critical for the formation of myelin sheaths around nerve cells, which are essential for fast nerve signal transmission. In humans they also identified FGF17, which is thought to play an important role in maintaining cognitive functions into old age.

In insects, specific genes became specialised in muscles and in the epidermis for cuticle formation, contributing to their ability to fly. In the skin of octopuses, other genes became specialised to perceive light stimulI, contributing to their ability to change colour, camouflage and communicate with other octopuses.

By studying the evolution of species at the tissue level, the study demonstrates that changes in the way genes are used in different parts of the body have played a big role in creating new and unique features in animals. In other words, when genes start acting in specific tissues, it can lead to the development of new physical traits or abilities, which ultimately contributes to animal evolution.

"Our work makes us rethink the roles and functions that genes play. It shows us that genes that are crucial for survival and have been preserved through millions of years can also very easily acquire new functions in evolution. It reflects evolution's balancing act between preserving vital roles and exploring new paths," concludes ICREA Research Professor Manuel Irimia, co-author of the paper and researcher at the Centre for Genomic Regulation.
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Switch to green wastewater infrastructure could reduce emissions and provide huge savings according to new research | ScienceDaily
University researchers have shown that a transition to green wastewater-treatment approaches in the U.S. that leverages the potential of carbon-financing could save a staggering $15.6 billion and just under 30 million tonnes of CO2-equivalent emissions over 40 years.


						
The comprehensive findings from Colorado State University were highlighted in Nature Communications Earth and Environment in a first-of-its-kind study. The work from the Walter Scott, Jr. College of Engineering explores the potential economic tradeoffs of switching to green infrastructure and technology solutions that go beyond existing grey-water treatment practices. Built off data collected at over 22,000 facilities, the report provides comprehensive baseline metrics and explores the relationship among emissions, costs and treatment capabilities for utility operators and decision makers.

Braden Limb is the first author on the paper and a Ph.D. student in the Department of Systems Engineering. He also serves as a research associate in the Department of Mechanical Engineering. He said the findings are a key initial step to categorize and understand potential green solutions for wastewater.

"These findings draw a line in the sand that shows what the potential for adopting green approaches in this space is -- both in terms of money saved and total emissions reduced," he said. "It is a starting point to understand what routes are available to us now and how financing strategies can elevate water treatment from a somewhat local issue into something that is addressed globally through market incentives."

The research was completed in partnership with the University of Colorado Boulder and Brigham Young University. Findings center around both point-source water treatment and non-point sources of water pollution.

Traditional point-source water treatment facilities such as sewage plants remove problem nutrients like nitrogen and phosphorus before releasing water back into circulation. This grey-infrastructure system -- as it is known -- is monitored by the Environmental Protection Agency. However, regulation standards may tighten in the future, and facilities would need more power, and in turn more emissions, to reach newly allowable thresholds. Existing facilities already account for 2% of all energy use in the U.S. and 45 million tonnes of CO2 emissions, said Limb.

Another significant source of freshwater contamination in the U.S. comes from non-point source activity such as fertilizer runoff from agriculture entering rivers. Other non-point sources of pollution can come from wildfires -- aided by climate change -- or urban development, for example.




Limb said that rather than building more grey-infrastructure treatment facilities to address those increasing sources, the paper explores green approaches financed through carbon markets that can tackle both types simultaneously.

"There could be a switch to nature-based solutions such as constructing wetlands or reforestation instead of building yet another treatment facility," he said. "Those options could sequester over 4.2 million carbon dioxide emissions per year over a 40-year time horizon and have other complementary benefits we should be aiming for, such as cheaper overall costs."

Carbon financing is a mechanism aimed at mitigating climate change by incentivizing activities that reduce emissions or sequester them from the atmosphere. Companies voluntarily buy "credits" on an open market that represent a reduction or removal of carbon from the atmosphere that can be accomplished in a variety of ways. That credit offsets the institution's emissions from operations as it aims to reach sustainability goals.

These trades incentivize development of sustainable activities and can also provide a source of fresh money to further develop or scale up new approaches.

While there are similar financing markets for water, the problem is initially more localized than it is for air quality and carbon. That dynamic has limited the value of water market trades in the past. The paper suggests that these existing markets could be improved, and that the carbon markets could also be leveraged to change some of the financial incentives farmers have around water treatment and impacts from their activity.

The researchers found that using the markets could generate $679 million annually in revenue, representing an opportunity to further motivate green infrastructure solutions within water quality trading programs to meet regulated standards.

Mechanical Engineering Professor Jason Quinn is a co-author on the study. He said the findings have some limitations, but that this was an important first step to model both the problem and opportunity available now. He said the results in the paper have supported new research at CSU with the National Science Foundation to further develop the needed carbon credit methodology with stakeholders.

"This is the first time we are considering air and water quality simultaneously -- water is local and carbon is global," he said. "But by bringing these market mechanisms together we can capitalize on a window of opportunity to accelerate the improvement of America's rivers as we transition to a renewable energy and restored watershed future."
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        New data identifies trends in accidental opioid overdoses in children
        The US saw a 22% decline in rates of prescription-opioid overdose related emergency department (ED) visits in children 17 and younger between 2008 and 2019, but an uptick in the early part of the COVID-19 pandemic, according to a new study. The authors also note that rates of pediatric opioid overdoses remain high in many populations.

      

      
        38 trillion dollars in damages each year: World economy already committed to income reduction of 19 % due to climate change
        Even if CO2 emissions were to be drastically cut down starting today, the world economy is already committed to an income reduction of 19% until 2050 due to climate change, a new study finds. These damages are six times larger than the mitigation costs needed to limit global warming to two degrees. Based on empirical data from more than 1,600 regions worldwide over the past 40 years, scientists assessed future impacts of changing climatic conditions on economic growth and their persistence.

      

      
        Substantial global cost of climate inaction
        Pioneering study reveals that limiting global warming to 1.5 degrees Celsius could reduce the global economic costs of climate change by two thirds. If warming continues to 3 degrees Celsius, global GDP will decrease by up to 10 percent -- with the worst impacts in less developed countries.

      

      
        Gender stereotypes in schools impact on girls and boys with mental health difficulties, study finds
        Gender stereotypes mean that girls can be celebrated for their emotional openness and maturity in school, while boys are seen as likely to mask their emotional distress through silence or disruptive behaviors, according to a recent study.

      

      
        Fires pose growing worldwide threat to wildland-urban interface
        Fires that devastate wildland-urban interface areas are becoming more common around the globe, a trend that is likely to continue for at least the next two decades, new research finds. Such fires are especially dangerous, both because they imperil large numbers of people and because they emit far more toxins than forest and grassland fires.

      

      
        Florida Wildlife Corridor eases worst impacts of climate change
        Florida is projected to lose 3.5 million acres of land to development by 2070. A new study highlights how Florida can buffer itself against both climate change and population pressures by conserving the remaining 8 million acres of 'opportunity areas' within the Florida Wildlife Corridor (FLWC), the only designated statewide corridor in the U.S. Interactions between the FLWC and climate change had not been previously examined until now. Findings show substantial climate resilience benefits from t...

      

      
        Most countries struggle to meet climate pledges from 2009
        Nineteen out of 34 countries surveyed failed to fully meet their 2020 climate commitments set 15 years ago in Copenhagen, according to a new study by UCL researchers.

      

      
        GeoAI technologies for sustainable urban development
        From heatwaves to pandemic diseases, the urban environments of the world face numerous challenges. Researchers are harnessing artificial intelligence (AI) and informatics to address emerging concerns related to environmental changes and urban growth.

      

      
        The joy of sports: How watching sports can boost well-being
        Sports, beyond entertainment, foster community and belonging, benefiting both individuals and society. Despite its recognized positive effects, limited evidence exists on the link between watching sports and well-being. To address this gap, a team of researchers conducted a multi-method research and found that sports viewing activates brain reward circuits, leading to improved well-being. Popular sports like baseball notably impact well-being. Their research offers insights for public health poli...

      

      
        School suspensions and exclusions put vulnerable children at risk
        Managing problematic student behavior is one of the most persistent, challenging, and controversial issues facing schools today. Yet despite best intentions to build a more inclusive and punitive-free education system, school suspensions and expulsions remain.

      

      
        Where have all the right whales gone?
        Marine researchers have mapped the density of one of the most endangered large whale species worldwide, the North Atlantic right whale, using new data to help avoid right whales' harmful exposure to commercial fisheries and vessel strikes. The resulting maps, spanning 20 years of whale observations, are publicly available to inform risk assessments, estimations of whale harm/disturbance, marine spatial planning, and industry regulations to mitigate risk to right whales.

      

      
        New computer vision tool wins prize for social impact
        A team of computer scientists working on two different problems -- how to quickly detect damaged buildings in crisis zones and how to accurately estimate the size of bird flocks -- recently announced an AI framework that can do both. The framework, called DISCount, blends the speed and massive data-crunching power of artificial intelligence with the reliability of human analysis to quickly deliver reliable estimates that can quickly pinpoint and count specific features from very large collections...

      

      
        Study finds increased anxiety and PTSD among people who remained in Ukraine
        Researchers conducted a survey to understand how the mental health of displaced Ukrainians has been affected by the ongoing war. Their findings describe high levels of post-traumatic stress disorder (PTSD) and generalized anxiety among both refugees and people displaced within Ukraine.
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New data identifies trends in accidental opioid overdoses in children | ScienceDaily
The US saw a 22% decline in rates of prescription-opioid overdose related emergency department (ED) visits in children 17 and younger between 2008 and 2019, but an uptick in the early part of the COVID-19 pandemic, according to a new study published this week in the open-access journal PLOS ONE by Henry Xiang of Nationwide Children's Hospital, US, and colleagues. The authors also note that rates of pediatric opioid overdoses remain high in many populations.


						
Opioid overdose has been declared a public health emergency in the United States but much of the focus has been on adults. In the new study, researchers analyzed overdoses in children by using data spanning 2008 to 2020 from the Nationwide Emergency Department Sample, which provides anonymized information on emergency department (ED) visits across the country.

Overall, prescription-opioid overdose ED visits for patients from 0-17 years old decreased by 22% from 2008 to 2019, and then increased by 12% in 2020. That overall increase could be mostly attributed to an increase in overdoses among males, children aged 12 to 17, and those in the West and Midwest. Across all time spans, the highest rates of overdoses were seen in ages 0 to 1 and ages 12 to 17, among females, and in urban teaching hospital EDs.

The authors conclude that efforts to reduce opioid overdoses should include increased focus on young children and adolescents and note that further studies could investigate the impact of the later years of the COVID-19 pandemic on the opioid epidemic.

The authors add: "Overall, prescription opioid overdose ED visits of US children had a decreasing trend during the past decade, suggesting the effectiveness of a variety of interventions and campaigns. However, 0-1 years and 12-17-year-olds still face a significant risk of prescription opioid overdose."
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38 trillion dollars in damages each year: World economy already committed to income reduction of 19 % due to climate change | ScienceDaily

"Strong income reductions are projected for the majority of regions, including North America and Europe, with South Asia and Africa being most strongly affected. These are caused by the impact of climate change on various aspects that are relevant for economic growth such as agricultural yields, labour productivity or infrastructure," says PIK scientist and first author of the study Maximilian Kotz. Overall, global annual damages are estimated to be at 38 trillion dollars, with a likely range of 19-59 trillion dollars in 2050. These damages mainly result from rising temperatures but also from changes in rainfall and temperature variability. Accounting for other weather extremes such as storms or wildfires could further raise them.

Huge economic costs also for the United States and European Union 

"Our analysis shows that climate change will cause massive economic damages within the next 25 years in almost all countries around the world, also in highly-developed ones such as Germany, France and the United States," says PIK scientist Leonie Wenz who led the study. "These near-term damages are a result of our past emissions. We will need more adaptation efforts if we want to avoid at least some of them. And we have to cut down our emissions drastically and immediately -- if not, economic losses will become even bigger in the second half of the century, amounting to up to 60% on global average by 2100. This clearly shows that protecting our climate is much cheaper than not doing so, and that is without even considering non-economic impacts such as loss of life or biodiversity."

To date, global projections of economic damages caused by climate change typically focus on national impacts from average annual temperatures over long-time horizons. By including the latest empirical findings from climate impacts on economic growth in more than 1,600 subnational regions worldwide over the past 40 years and by focusing on the next 26 years, the researchers were able to project sub-national damages from temperature and rainfall changes in great detail across time and space all the while reducing the large uncertainties associated with long-term projections. The scientists combined empirical models with state-of-the-art climate simulations (CMIP-6). Importantly, they also assessed how persistently climate impacts have affected the economy in the past and took this into account as well.

Countries least responsible will suffer most

"Our study highlights the considerable inequity of climate impacts: We find damages almost everywhere, but countries in the tropics will suffer the most because they are already warmer. Further temperature increases will therefore be most harmful there. The countries least responsible for climate change, are predicted to suffer income loss that is 60% greater than the higher-income countries and 40% greater than higher-emission countries. They are also the ones with the least resources to adapt to its impacts. It is on us to decide: structural change towards a renewable energy system is needed for our security and will save us money. Staying on the path we are currently on, will lead to catastrophic consequences. The temperature of the planet can only be stabilized if we stop burning oil, gas and coal," says Anders Levermann, Head of Research Department Complexity Science at the Potsdam Institute and co-author of the study.
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Substantial global cost of climate inaction | ScienceDaily
Traditionally, estimates of how climate change will affect global economies have focused on the effects of annual temperature changes. However, the additional impacts of variability and extremes in rainfall and temperature have remained largely unexplored, until now. Using projections from 33 global climate models, an international research team, led by Paul Waidelich at ETH Zurich, conducted a pioneering study, published in the journal, Nature Climate Change, to quantify such impacts on gross domestic product (GDP) across the globe.


						
Revealing the additional damage of global warming

The investigative study revealed a global GDP loss of up to 10 percent if the planet warms by +3oC. Importantly, accounting for variability and extremes increases the costs of climate change around the world. "If we take into account that warmer years also come with changes in rainfall and temperature variability, it turns out that the estimated impact of spiking temperatures is worse than previously thought," explains doctoral researcher and economist Paul Waidelich. "Therefore, omitting variability and extremes risks underestimating the damage of temperature changes."

The cost of climate inaction

Stringent climate action is critical to future economic growth. Limiting global warming to 1.5oC instead of 3oC can reduce global losses from climate change by two thirds. "Our results show that the cost of climate inaction is substantial," stresses ETH Zurich professor, Sonia Seneviratne, a co-author of the study and a Vice Chair of the Intergovernmental Panel on Climate Change's Working Group I. "Some people still say that the world cannot afford rapid decarbonization, but the global economy will also suffer from the impacts of climate change."

Global warming of 3oC also increases the risk of extreme rainfall worldwide, which reduces global GDP, on average, by 0.2 percent -- which, at the current size of the global economy, would equal US$ 200 billion. Much of these costs occur in the US and in China, which, unlike warmer tropical regions, are less used to extreme rainfall. However, among the extreme events considered, heatwaves are the most impactful. The study suggests that nearly half of the global economic damage at 3oC of global warming may be related to extreme heat. Fulden Batibeniz, a postdoctoral researcher at ETH Zurich and the University of Bern explains, "Higher temperatures may seem beneficial for colder countries like Canada, but as we saw in 2021, they also bring much more severe heatwaves, which harm the economy."

Socio-economic and climatic uncertainties

However, projecting the impacts of climate variability and extremes is complex, and substantial uncertainties remain. When answering the question, "How much will climate change cost?" The research team concedes that uncertainties are primarily socio-economic: how long the impacts persist and how well can society adapt. Yet, how rainfall and climate extremes will evolve need to be better understood. Since the study does not include non-economic impacts, droughts, sea-level rise, and climate tipping points, the authors argue that the total cost of climate change is likely considerably higher.
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Gender stereotypes in schools impact on girls and boys with mental health difficulties, study finds | ScienceDaily
Gender stereotypes mean that girls can be celebrated for their emotional openness and maturity in school, while boys are seen as likely to mask their emotional distress through silence or disruptive behaviours.


						
Children and teachers who took part in the study said they feared the mental health needs of boys might be missed at school, which makes them an 'at risk' group.

Researchers have warned of the negative impacts on girls where the manifestation of emotional distress such as crying or self-harm could become "feminised and diminished," so taken less seriously.

They have called for increased awareness of the role of gender in mental health services offered in schools and resultant inequalities.

The study was carried out by Lauren Stentiford, George Koutsouris, Tricia Nash and Alexandra Allan from the School of Education at the University of Exeter. They interviewed pupils at two secondary schools in England to ask them: 'Do you think that girls and boys experience mental health in the same way?'

One school was a mixed grammar school in a predominantly white, middle-class rural area and another was a mixed comprehensive school in a predominantly white, working-class urban area. The research took place in autumn 2022.

Researchers spoke to 34 students aged between 12 and 17. Seventeen students identified as female, 12 as male, and 5 as gender diverse. They also interviewed 18 members of staff, including a headteacher, school counsellor, SENCO, and classroom teacher.




The majority -- 43 out of 52 -- felt girls and boys experienced mental health in different ways because of stereotypes that girls are open about their emotions, but boys will hide them.

One pupil, Willow, said: "Girls are more inclined I feel to talk to each other about [mental health] because we're not told to repress our emotions." Another, Kayla, said: "Boys just don't, they barely tell anyone anything that they don't want to talk about because they feel like they'll be looked at and be told the phrase 'man up' or 'boys don't cry."

The phrase 'man up' was referenced multiple times by different staff members and students in both schools.

Participants spoke of persistent and troublesome expectations that boys should not show their emotions.

Dr Stentiford said: "There was a perception that girls are at an advantage over boys in receiving mental health support.

"Students and staff members tended to position girls as above boys in the hierarchy for mental health support because of their perceived emotional openness. Girls were seen as being more emotionally mature than boys and would actively look for help when they needed it.




"There was also evidence of participants understanding emotional distress as manifesting itself differently in girls and boys in school, with girls more likely to cry or withdraw, and boys more likely to engage in off-task or disruptive behaviours such as 'messing around' in class.

"The implications were that girls are seen as more likely to be identified quickly as in need of mental health support, whereas boys could be 'missed' because their disruptive behaviours are misinterpreted. Both girls and boys therefore remain 'trapped' in unhelpful gender stereotypes around mental health.

"The research suggests there is a new and emerging form of gender inequality, set against the context of a perceived growing mental health 'crisis' amongst young people.

"There are dangers around devaluing girls' wellbeing if 'emotional' girls are seen as unfairly advantaged and taking up time and support for mental health difficulties at the expense of boys, who are seen as particularly 'at risk' and a hidden problem."
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Fires pose growing worldwide threat to wildland-urban interface | ScienceDaily
Fires that blaze through the wildland-urban interface (WUI) are becoming more common around the globe, a trend that is likely to continue for at least the next two decades, new research finds.


						
The research team, led by scientists at the U.S. National Science Foundation National Center for Atmospheric Research (NSF NCAR), used satellite observations and machine learning techniques to produce a unique database of WUI areas and fires worldwide, dating back about two decades.

The overall number of all fires worldwide has declined, as has the total area burned.

However, the scientists found that the fraction of global fires that occur in WUI areas increased by about 23% from 2005 to 2020. Even more significantly, the global area burned by WUI fires during the same time increased by about 35% as a fraction of all burned areas.

The research found that WUI areas are expanding worldwide, especially in rapidly urbanizing regions in Africa. As newly constructed developments move into areas of wild vegetation, the risk of fires increases. The paper did not focus on the role of climate change, although the authors said the database can help scientists better fingerprint the role of climate change in fires.

WUI areas are generally defined as the location where urban land use and wildland vegetation come into contact or intermingle. Fires in such areas are especially dangerous, both because they imperil large numbers of people and structures and because, by burning manufactured materials instead of vegetation, they emit far more toxins than forest and grassland fires.

"Wildland-urban interface fires are a major concern for many people in the United States and globally, and through this study we now know they have increased in recent years and will likely continue doing so in the future," said NSF NCAR scientist Wenfu Tang, the lead author of the new paper. "This is important as a first step to looking at emissions from these fires and their impacts on human health."

Funding for the research came from NOAA. The study was published in Environmental Research Letters.




Constructing a global database

WUI fires have caused catastrophic destruction in recent years, sometimes burning down thousands of buildings and killing 100 or more people. Especially destructive fires include the 2009 Black Saturday bushfires in Australia, which left 173 dead, and the 2017 Pedrosa Grande Fire in Portugal, which killed 66 people. Last year's Lahaina Fire in Hawaii was the deadliest in the United States in more than a century, killing 100 people and destroying more than 2,200 structures.

To understand more about trends in WUI fires, Tang and her colleagues turned to a global high-resolution map of WUI fires in 2020, which had been created by Franz Schug of the University of Wisconsin-Madison. They also analyzed data about Earth's surface from NASA's Moderate Resolution Imaging Spectroradiometer (MODIS) satellite instrument.

By applying machine learning techniques to the map and satellite data, they quantified the relationship of fires with such variables as land cover and population density. They then used those quantitative relationships to generate a global database of WUI areas and WUI fires, going back 20 years at a resolution of 9 kilometers (5.6 miles).

The researchers successfully confirmed the accuracy of the database by comparing it with independent WUI datasets previously developed for a few years within the same time period, including for the continental United States and globally.

In analyzing the new database, the researchers found that WUI areas have grown in all populated continents by 24% from 2001 to 2020, with the largest increase occurring in Africa.




Largely as a result, fires in WUI areas have also become more common. Since 2005, they have increased from 3.5% to 4.3% of all fires. In North America, the WUI fraction of all fire counts is even higher (up to 9%), with WUI fires in 2015-2020 becoming particularly large and more destructive.

"This is the first map of its kind that enables us to look at how WUI fires have been evolving globally over the past two decades," said NSF NCAR scientist Cenlin He, a co-author of the study. "It shows that WUI fires have increased on every populated continent."

Even as WUI blazes loom as a greater threat, the scientists noted that fires overall have been on the decline. Since 2005, the total number of fires worldwide decreased by 10%, and the amount of burned areas decreased by 22%, according to satellite observations analyzed in their research.

Tang and her colleagues then turned to the future. They integrated the WUI database with the NSF NCAR-based Community Earth System Model, which simulates global climate and fires, to determine the likely trends in WUI fires through 2030 and 2040.

If WUI areas continue to expand and greenhouse gases continue to be emitted at a high rate, they found that the WUI fraction of burned areas worldwide will likely increase by about 2.6-3.2% by 2040. However, the picture can change somewhat depending on changes in WUI areas and greenhouse gas emissions under different future scenarios, according to their analysis.

"This study is an important step in quantifying WUI fires and how they are changing worldwide," Tang said. "As WUI areas rapidly expand and WUI fires become more frequent, it is critical to understand the interactions between WUI fires and human activities as well as the impacts of the fires on air quality, human health, and the environment."
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Florida Wildlife Corridor eases worst impacts of climate change | ScienceDaily
From rising temperatures and altered precipitation patterns to intense weather events such as hurricanes, Florida is experiencing significant climate-related challenges in tandem with skyrocketing insurance rates. As the state's population continues to surge by 1,000 new residents a day, it is projected to lose 3.5 million acres of land to development by 2070, threatening Florida's future ability to maintain biodiversity and ecosystem services.


						
A first-of-its-kind study highlights how Florida can buffer itself against both climate change and population pressures by conserving the remaining 8 million acres of "opportunity areas" within the Florida Wildlife Corridor (FLWC). Currently, about 10 million acres of the expansive FLWC's 18 million acres are already conserved permanently.

This superhighway of interconnected acres of wildlands, working lands and waters is the only designated statewide corridor in the United States, and a world-class adaption plan facing down ground zero of climate change in an already warm location. Spanning from Alabama to the Everglades, the FLWC not only protects endangered species like the Florida panther, but also brings economic and climate benefits to local communities. About 90 percent of Floridians live within 20 miles of the corridor.

The new report, "The Florida Wildlife Corridor and Climate Change: Managing Florida's Natural and Human Landscapes for Prosperity and Resilience," is a joint project by Florida Atlantic University, Archbold Biological Station, Live Wildly Foundation and numerous collaborators. The report paints a holistic picture of how climate change and population growth will impact Florida's communities and natural resources, and how the FLWC, if it were fully enacted, can continue to moderate those impacts.

The report offers hope that there are actions public and private partners can take to keep Florida's lands, waters and communities safe from the worst impacts of climate change. Protecting the FLWC not only shields wildlife from climate change and development, but also supports jobs, economies and ecosystem services such as drinking water and flood protection for people living both inside and outside the corridor.

The FLWC, a critical conservation initiative aimed at preserving natural landscape connectivity across Florida, is the culmination of four decades of research, advocacy and land protection by agencies, landowners and nonprofit organizations that led to the passage of the FLWC Act in 2021. Florida Gov. Ron DeSantis signed the law on July 1, 2021, after votes of 115-0 in favor in the state House and 40-0 in favor in the Senate. In recent years, the Florida Legislature has appropriated more than $2.3 billion to help protect its lands.

"State leadership has demonstrated its understanding of the deep link between clean water, healthy lands and a strong economy by supporting the creation of the Florida Wildlife Corridor and ongoing efforts," said Colin Polsky, Ph.D., lead author, founding director of the FAU School of Environmental, Coastal and Ocean Sustainability (ECOS) and a professor of geosciences in the Charles E. Schmidt College of Science. "Yet to date, the interactions between the corridor and climate change had not been examined. Findings from our report show substantial climate resilience benefits from the Florida Wildlife Corridor, yielding a much higher return on investment than originally thought."

Among the report's key findings:
    	Since the FLWC was approved in 2021, private property owners, with the support of state funding, have voluntarily conserved more than 170,000 acres of their lands within the corridor.
    	Florida burns more area with prescribed fire each year than any other region of North America, and possibly the world. The more that new housing, infrastructure and other development are scattered across the state, the more difficult it becomes to conduct prescribed burns and manage fire risk. If the corridor is not protected from expanding development, climate change could spark a fire crisis in Florida not unlike that in the western U.S. However, conserving the corridor is not sufficient -- funding and policies to allow controlled burns are needed to keep fuel loads from accumulating.
    	Twenty-four percent of all Florida properties have a more than 1 in 4 chance of being affected by flooding in the next 30 years. The FLWC provides billions of dollars of flood hazard protection, a vital service as precipitation increases under climate change. A large part of this benefit comes from keeping floodplains undeveloped. About 10 million acres of Florida's floodplains are located within the FLWC.
    	Incentivizing clustered, mixed-use development that takes the FLWC into account will preserve ecosystem services and minimize habitat fragmentation while reducing infrastructure costs.
    	The FLWC incentivizes keeping working lands in production, preserving their climate benefits while protecting farmers and billions of dollars of agricultural revenue. Farmers can contribute to climate resilience by implementing climate-smart management solutions. The FLWC helps reduce greenhouse gases and offers the potential for carbon markets.
    	Some wildlife species will need to move north to escape higher heat and saltwater intrusion into South Florida's Everglades. For example, the Florida black bear is being forced to move north to escape higher temperatures caused by climate change. But habitat fragmentation blocks these migratory escape routes. Designating linkages within the FLWC as areas of critical state concern would help ensure that the larger corridor remains a viable means of wildlife movement.
    	The FLWC and this report can be models for other regions experiencing growing populations, climate risks and at-risk biodiversity.




"The Florida Wildlife Corridor provides a leading example of ambitious landscape conservation planning on a regional scale. Florida has long been a leader in habitat connectivity planning, and the state should be proud that its efforts inspire others around the world," said Joshua Daskin, Ph.D., project manager, and director of conservation, Archbold. "The corridor is an example of how public and private partners can come together to achieve mutual economic, social and environmental goals at the local and state levels."

The FLWC climate report also provides policy recommendations for climate resilience such as limiting coastal, wetland and floodplain development in order to maintain flood mitigation services as well as supporting policies and legislation that integrate climate resilience into land use planning and conservation within the corridor.

"Even though our built environments are responsible for many of the luxuries we enjoy in Florida, our urban design and development choices are fundamental to protecting us from fires, floods, hurricanes, sea level rise and even human health risks such as heat stroke and heat-related death," said John "Jay' Baldwin, Ph.D., co-lead author, a professor of biological sciences and associate dean for faculty development, FAU College of Science. "Our report provides a blueprint for planning that will fulfil the economic ambitions of growing Florida communities while mitigating climate change risks and protecting Florida's people, places and wildlife."

The FLWC climate report collaborators include Florida State University, University of Central Florida, University of Florida, UF Center for Landscape Conservation Planning, University of South Florida, South Florida Water Management District, reTHINK Energy Florida, and Dover, Kohl & Partners Town Planning.

The report is supported by funding from the Live Wildly Foundation.
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Most countries struggle to meet climate pledges from 2009 | ScienceDaily
Nineteen out of 34 countries surveyed failed to fully meet their 2020 climate commitments set 15 years ago in Copenhagen, according to a new study led by UCL researchers.


						
The study, published in Nature Climate Change, compared the actual net carbon emissions of more than 30 nations to their 2009 pledged emission reduction targets set during the Copenhagen Climate Summit.

The paper led by researchers at UCL and Tsinghua University is the first effort to comprehensively gauge how well countries were able to meet their Nationally Determined Contribution reduction pledges from COP15.

Of the 34 nations analysed in the study, 15 successfully met their goals while 12 failed outright. The remaining seven countries fell into a category the study authors termed the "halfway group": nations that reduced the carbon emissions within their own borders but did so in part by using trade to shift emissions they would have made to other countries. Known as "carbon leakage" or "carbon transfer," this outsourcing of carbon emissions is a growing concern amongst environmental policy makers as countries seek to meet newer net-zero targets.

To track this carbon leakage the researchers used a "consumption-based" emissions tracking method which provides a more comprehensive scheme to calculate a country's total carbon emissions. It not only accounts for the emissions originating from economic activities within the nation's territorial borders, but the carbon footprint of imported goods manufactured abroad.

Lead author Professor Jing Meng (UCL Bartlett School of Sustainable Construction) said: "It's important to be able to completely track carbon emissions, even when they're offshored, enabled by consumption-based analysis. Our concern is that the countries that struggled to reach their commitment from 2009 will likely encounter even more substantial difficulties reducing emissions even further."

These emissions goals were set in 2009 at the COP15 international climate summit in Copenhagen. There, despite being unable to reach a comprehensive global agreement, individual countries around the world established their own individual emissions reductions targets. This meant that established goals varied widely, from Croatia's modest but successful pledge to reduce carbon emissions by 5%, to Switzerland's relatively ambitious but unsuccessful effort to reduce its carbon emissions by 20-30% by 2020, relative to 1990 levels.




The research also highlights the disparities between the countries' different starting points. Though four eastern European nations -- Estonia, Lithuania, Latvia and Romania -- were successfully able to achieve their goals, the researchers point out that this was largely because much of the region's industry involved many outdated and highly inefficient technologies left over from the early 1990s that they've more recently transitioned away from using.

In addition, the researchers caution that the countries that struggled the most to meet their COP15 goals are likely to encounter even bigger challenges in the future as they face even greater demand for energy as their economies further expand and develop.

The main ways that countries were able to meet their emissions targets were by increasing the amount of clean energy they produced, especially transitioning away from coal power, and making more efficient use of the energy produced. Countries unable to meet their targets were largely unable to do so because increased consumption associated with rising GDP per capita and population grown outpaced their efforts to increase efficiency, even though many of the countries were able to increase their efficiency somewhat.

The more recent Paris Agreement, signed in 2015 at COP21, established a more ambitious and comprehensive global framework to reduce carbon emissions which superseded these nationally determined contributions.

Senior author Professor Dabo Guan (UCL Bartlett School of Sustainable Construction) said: "Reducing emissions is critical to combat the ongoing climate crisis. To do this, it's imperative we have an accurate and reliable account of emissions, and this research shows some of the challenges countries face to reduce emissions while maintaining their economic growth. Developed countries have a dual role -- rapidly reducing their own emissions, and providing financial aid and capacity building to developing countries, which most of them deliver insufficiently."

The full list of countries failing to meet their pledges is Australia, Austria, Canada, Cyprus, Ireland, Japan, the Netherlands, Norway, Portugal, Slovenia, Spain and Switzerland.

The halfway group is Belgium, Czech Republic, France, Hungary, Luxembourg, Malta and Poland.

The group that achieved their emissions reductions goals are Bulgaria, Croatia, Denmark, Estonia, Finland, Germany, Greece, Italy, Latvia, Lithuania, Romania, Slovakia, Sweden, the United Kingdom and the United States.
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GeoAI technologies for sustainable urban development | ScienceDaily
From heatwaves to pandemic diseases, the urban environments of the world face numerous challenges. Researchers at the Hong Kong Polytechnic University are harnessing artificial intelligence (AI) and informatics to address emerging concerns related to environmental changes and urban growth.


						
Innovative geospatial and AI technologies offer ground-breaking solutions and insights into the dynamic changes occurring in our natural and social surroundings. The applications of GeoAI are rapidly expanding across various fields, encompassing transportation, urban and public safety, planning, climate change and natural disasters.

Prof. Qihao WENG, Chair Professor of Geomatics and Artificial Intelligence of the Department of Land Surveying and Geo-Informatics, and Global STEM Professor, established the PolyU Research Centre for Artificial Intelligence in Geomatics (RCAIG), to focus on the development of original and innovative AI methodologies and technologies for geomatics and their applications in urban areas, with the goal of it becoming a global R&D hub in GeoAI. Prof. Weng has recently been honoured with the 2024 American Association of Geographers (AAG) Wilbanks Prize for Transformational Research in Geography and the 2024 AAG Remote Sensing Specialty Group Lifetime Achievement Honor Award for his ground-breaking contributions in geography.

Earth observations Prof. WENG said, "By leveraging the latest geospatial technology and AI, we stand at the forefront of addressing global environmental and societal challenges. Our research encompasses a wide spectrum of subjects in the fields of earth observations and geoinformatics."

Satellite observations are invaluable tools for our community, relying on satellite imagery, videos and data that are crucial for informed decision-making in urban resilience and public health. For instance, satellite observations help us understand the impact of extreme heatwave on population exposure and aid in the development of urban flood monitoring algorithms. Real-time data acquisition also facilitate applications in traffic conditions, air quality, nature disasters, population movement and urban land use.

Prof. WENG said, "Earth observation is important as a guiding compass for understanding changes in the environment and society. Our research focuses on diverse fields including Geospatial big data and AI, remote sensing, ground-based sensors, navigation and positioning, surveying and geodesy, laser scanning and photogrammetry. These technologies play a crucial role in addressing and resolving key issues."

In particular, GeoAI has revolutionised building monitoring by utilising thousands of learnable parameters. An illustration of this is its ability to automatically learn and identify general patterns of buildings such as colour and shape. This technology is crucially applied to detect disaster-damaged buildings, retrieve building height, identify structural changes, and estimate building energy consumption. As a result, GeoAI has emerged as a mainstream solution for more efficient and insightful building monitoring.




Environmental monitoring 

As the world rapidly urbanises, cities become the focal point of diverse aspects of human development, including building and environmental monitoring, conservation efforts, urban safety, and the impacts of climate change.

By leveraging AI techniques like deep neural networks, alongside with remote sensing methods, these technologies have the ability to detect and track changes such as in habitats, urbanisation and deforestation patterns. Additionally, monitoring the uptake of carbon by vegetation plays a crucial role in combating climate change and developing effective mitigation strategies.

For urban resilience and public health, these technologies aim to enhance the ability of urban areas to withstand and recover from various challenges such as extreme heatwaves, while promoting the well-being and sustainable development of urban population.

In the field of urbanisation monitoring, research team of the RCAIG has developed an impervious surface area (ISA) based urban cellular automata (CA) model that can simulate the fractional change of urban areas within each grid by utilising annual urban extent time series data obtained from satellite observations. By characterising the historical pathways of urban area growth under different levels of urbanisation, the model offers more detailed insights compared to traditional binary CA models. This demonstrates its great potential in supporting sustainable development.

Research conducted by Ms Wanru HE, an RCAIG doctoral research assistant and the team, titled "Modeling gridded urban fractional change using the temporal context information in the urban cellular automata model" was published on Cities. Their model effectively capture the dynamics of urban sprawl with significantly improved computational efficiency and performance, and it enables the modelling of urban growth at regional even global level, under diverse future urbanisation scenarios.




GeoAI for traffic management

GeoAI utilises machine learning and deep learning to effectively analyse intricate information, offering applications like real-time traffic management. Through the integration of diverse data modalities, such as text, images, and knowledge graphs, GeoAI enables accurate traffic flow prediction, route optimisation, accident warnings, and the planning of an efficient traffic network. Consequently, this contributes to the advancement of smart traffic management.

To enhance the efficiency of ride-hailing platforms and achieve intelligent management of their services, research team of the RCAIG has developed a multi-agent order matching and vehicle repositioning (MAMR) approach. This innovative technology focuses on coordinating the supply and demand of ride-hailing services, ultimately aiming to improve their overall efficiency.

This approach provides a ground-breaking solution to tackle two critical aspects of efficient ride-hailing services. Firstly, it addresses order matching by efficiently assigning orders to available vehicles. Secondly, it incorporates proactive vehicle repositioning, strategically deploying idle vehicles to regions with potentially high demand. Based on multi-agent deep reinforcement learning (MARL), this innovation solves the complex planning in transportation and offers a news perspective on long-term spatiotemporal planning problem. The research conducted by Ms Mingyue XU, another RCAIG researcher and the team, titled "Multi-agent reinforcement learning to unify order-matching and vehicle-repositioning in ride-hailing services," was published on International Journal of Geographical Information Science. The study demonstrated outperforming results, including reduced passenger rejection rates and driver idle time. With a focus on geospatial artificial intelligence (GeoAI), the RCAIG and the POLEIS at PolyU are dedicated to conducting research in diverse fields, including urban building and energy, urban safety and securing, environmental monitoring and conservation and urban resilience and public health. This aligns with the 11th United Nations Sustainable Development Goal (SDG11), which aims to create inclusive, safe, resilient, and sustainable cities and human settlements.

About RCAIG The research focus of RCAIG is on exploring and applying AI in geomatics. In particular, GeoAI represents the fusion of AI with geospatial data and technology, utilising a multidisciplinary approach to analyse, predict and visualise complex patterns within geospatial data. Its significance lies in its ability to provide profound insights and more accurate results compared to conventional geospatial techniques.
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The joy of sports: How watching sports can boost well-being | ScienceDaily
For many individuals, sports have long served as a source of enjoyment and relaxation. Watching sports, particularly at large gatherings, goes beyond entertainment. It fosters a sense of community and belonging among audiences. This sense of connection not only makes individuals feel good but also benefits society by improving health, enhancing productivity, and reducing crime. Although it is popularly recognized for its positive effects, existing studies on the relationship between watching sports and well-being offer only limited evidence.


						
Recognizing this gap, a team of researchers led by Associate Professor Shintaro Sato from the Faculty of Sport Sciences, Waseda University, Japan, embarked on a groundbreaking study. Prof. Sato, alongside Assistant Professor Keita Kinoshita from Nanyang Technological University and Dr. Kento Nakagawa from the Faculty of Human Sciences, Waseda University, used a multi-method approach, combining secondary data analysis, self-reports, and neuroimaging measures to understand the connection between sports viewing and well-being in the general population. "A significant challenge in well-being research is the subjective nature of measurement procedures, potentially leading to biased findings. Therefore, our studies focused on both subjective and objective measures of well-being," explains Prof. Sato. Their research was published online on 22 March 2024 in Sports Management Review.

In the first study, the researchers analyzed large-scale publicly available data on the influence of watching sports on 20,000 Japanese residents. The results of this study confirmed the ongoing pattern of elevated reported well-being associated with regular sports viewing. However, this study was limited by its inability to provide deeper insight into the relationship between sports consumption and well-being.

The second study, an online survey aimed at investigating whether the connection between sports viewing and well-being varied depending on the type of sport observed, involved 208 participants. The experiment exposed them to various sports videos, assessing their well-being both before and after viewing. The findings underscored that widely embraced sports, like baseball, exerted a more significant impact on enhancing well-being compared to less popular sports, such as golf.

However, the most groundbreaking aspect of this research emerged in the third study. Here, the team employed neuroimaging techniques to scrutinize alterations in brain activity following sports viewing. Utilizing multimodal MRI neuroimaging measurement procedures, the brain activity of fourteen able-bodied Japanese participants was analyzed while they watched sports clips. The results of this investigation illuminated that, sports viewing triggered activation in the brain's reward circuits, indicative of feelings of happiness or pleasure. Additionally, a noteworthy finding surfaced in the structural image analysis. It revealed that individuals who reported watching sports more frequently exhibited greater gray matter volume in regions associated with reward circuits, suggesting that regular sports viewing may gradually induce changes in brain structures. "Both subjective and objective measures of well-being were found to be positively influenced by engaging in sports viewing. By inducing structural changes in the brain's reward system over time, it fosters long-term benefits for individuals. For those seeking to enhance their overall well-being, regularly watching sports, particularly popular ones such as baseball or soccer, can serve as an effective remedy," comments Prof. Sato.

The study has profound implications and theoretical contributions to sports management literature. Existing literature has primarily focused on sports fans; however, this study has taken into consideration a larger general population irrespective of their relationship to sports consumption. This research can contribute significantly to sports management practices and policymaking for public health.
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School suspensions and exclusions put vulnerable children at risk | ScienceDaily
Managing problematic student behaviour is one of the most persistent, challenging, and controversial issues facing schools today. Yet despite best intentions to build a more inclusive and punitive-free education system, school suspensions and expulsions remain.


						
Now, new research from the University of South Australia shows that exclusionary practices not only fail to identify the deep-rooted causes of challenging student behaviours but exacerbate negative issues rather than resolve them.

Lead researcher, UniSA's Professor Anna Sullivan, says schools face difficult decisions around suspensions and expulsions.

"Suspensions and expulsions have been the mainstay of schools' behaviour management practices for decades, regardless of research finding that they are ineffective for disciplining bad behaviours," Prof Sullivan says.

"In fact, there is a clear relationship between school suspensions and a range of detrimental health outcomes, including alienation from school, involvement with antisocial peers, use of alcohol and smoking, and a lower quality of school life -- and this contributes to a higher risk of dropping out of school and possible illegal behaviour.

"What makes things worse is that vulnerable students have a higher risk of being suspended or expelled, which in many cases exacerbates their circumstances and life chances.

"Boys, Aboriginal students, students from low SES backgrounds, and students with a disability are disproportionately excluded from schools.




"There is a distinct blind spot about how school suspensions and expulsions perpetuate wider social inequalities.

"Schools and policy makers must look beyond challenging behaviours to understand what is contributing to the cause -- rather than treating the effect -- and it's this missing information that's needed to develop new school policies."

Analysing the recently reviewed NSW Student Behaviour Strategy, researchers found that while there was more behaviour support and management, the new iterations still included punitive practices.

"When a student is suspended or expelled from school, we're ultimately removing them from their education and limiting their life outcomes. And knowing that vulnerable groups are more at risk, these exclusion policies are ultimately discriminatory," Prof Sullivan says.

"We also see situations where children with disabilities -- some on prescribed medications -- are being excluded from school on the basis that 'they have problems already'. As a consequence, exclusion appears to be a reasonable solution given schools do not have the time, expertise or resources to manage complex and challenging behavioural needs.

"Adding to such deficit thinking is removing a 'problem child' from the learning environment of others. Instead of helping these students, the policies are exacerbating their struggles.




"What we need is more listening, more empathy to students at risk, and a willingness to challenge the impact of wider social inequalities including poverty, race, housing, and unemployment on the most vulnerable people in society. These things do not operate in isolation; they affect families and children and cannot simply be left at the school gate.

"It's time to look afresh at the complex and challenging circumstances in which many young people find themselves. Only then can we hope to create a more inclusive and fair education system."

Notes to editors:
    	Published paper: Down, B., Sullivan, A., Tippett, N., Johnson, B., Manolev, J., & Robinson, J., (2024). What is missing in policy discourses about school exclusions?, Critical Studies in Education, DOI: 10.1080/17508487.2024.2312878
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Where have all the right whales gone? | ScienceDaily
Marine researchers have mapped the density of one of the most endangered large whale species worldwide, the North Atlantic right whale, using newly analyzed data to predict and help avoid whales' harmful, even fatal, exposure to commercial fishing and vessel strikes.


						
Duke University's Marine Geospatial Ecology Lab led a collaboration of 11 institutions in the United States that pooled 17 years of available visual survey data covering 9.7 million square kilometers of the U.S. Atlantic -- roughly the same area as the entire contiguous United States.

This information was coupled with auditory data from almost 500 hydrophone recorders in US Atlantic waters that captured whales' calls. Lining up visual and acoustic datasets for the first time, researchers built a statistical model to estimate the number of whales per square kilometer at different points in time. Researchers published their findings on March 20, 2024 in Marine Ecology Progress Series.

"The more accurate and detailed the mapping, the better chance we have to save dwindling numbers of right whales from preventable injury and fatality," said Patrick Halpin, director of Duke's Marine Geospatial Ecology Lab. The lab studies marine ecology, resource management, and ocean conservation, using data to inform ocean management and governance.

Other current real-time efforts to track and protect the whales from deadly encounters with human activities have been incomplete or ineffective. Electronic tagging can harm whale health, and it is infeasible to continuously monitor more than a small fraction of the population that way.

The statistical model is a revision of a 2016 model that predicts whale density from environmental data, like sea surface temperature. This latest version incorporates new data to reflect whales' changing migration and feeding patterns, including their presence in new areas that lack protection measures for marine life.

"With nearly three times more aerial survey data than we had before, and confirming evidence from the hydrophones, we were able to show how strongly the population has shifted its distribution," said Jason Roberts, a Duke research associate and lead author of the study.

Right whales maintain the health and balance of marine environments and the entire food web through their feeding habits. As climate change has reduced the population of their prey, whale migration patterns have become more unpredictable, increasing the chances that human activities, like commercial fishing, may harm whale health and chances of reproduction.

Using maps obtained by satellite ocean monitoring, or from physical ocean models like the recently published one, researchers can more accurately predict whale density across the U.S. east coast.
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New computer vision tool wins prize for social impact | ScienceDaily
A team of computer scientists at the University of Massachusetts Amherst working on two different problems -- how to quickly detect damaged buildings in crisis zones and how to accurately estimate the size of bird flocks -- recently announced an AI framework that can do both. The framework, called DISCount, blends the speed and massive data-crunching power of artificial intelligence with the reliability of human analysis to quickly deliver reliable estimates that can quickly pinpoint and count specific features from very large collections of images. The research, published by the Association for the Advancement of Artificial Intelligence, has been recognized by that association with an award for the best paper on AI for social impact.


						
"DISCount came together as two very different applications," says Subhransu Maji, associate professor of information and computer sciences at UMass Amherst and one of the paper's authors. "Through UMass Amherst's Center for Data Science, we have been working with the Red Cross for years in helping them to build a computer vision tool that could accurately count buildings damaged during events like earthquakes or wars. At the same time, we were helping ornithologists at Colorado State University and the University of Oklahoma interested in using weather radar data to get accurate estimates of the size of bird flocks."

Maji and his co-authors, lead author Gustavo Perez, who completed this research as part of his doctoral training at UMass Amherst, and Dan Sheldon, associate professor of information and computer sciences at UMass Amherst, thought they could solve the damaged-buildings-and-bird-flock problems with computer vision, a type of AI that can scan enormous archives of images in search of something particular -- a bird, a rubble pile -- and count it.

But the team was running into the same roadblocks on each project: "the standard computer visions models were not accurate enough," says Perez. "We wanted to build automated tools that could be used by non-AI experts, but which could provide a higher degree of reliability."

The answer, says Sheldon, was to fundamentally rethink the typical approaches to solving counting problems.

"Typically, you either have humans do time-intensive and accurate hand-counts of a very small data set, or you have computer vision run less-accurate automated counts of enormous data sets," Sheldon says. "We thought: why not do both?"

DISCount is a framework that can work with any already existing AI computer vision model. It works by using the AI to analyze the very large data sets -- say, all the images taken of a particular region in a decade -- to determine which particular smaller set of data a human researcher should look at. This smaller set could, for example, be all the images from a few critical days that the computer vision model has determined best show the extent of building damage in that region. The human researcher could then hand-count the damaged buildings from the much smaller set of images and the algorithm will use them to extrapolate the number of buildings affected across the entire region. Finally, DISCount will estimate how accurate the human-derived estimate is.

"DISCount works significantly better than random sampling for the tasks we considered," says Perez. "And part of the beauty of our framework is that it is compatible with any computer-vision model, which lets the researcher select the best AI approach for their needs. Because it also gives a confidence interval, it gives researchers the ability to make informed judgments about how good their estimates are."

"In retrospect, we had a relatively simple idea," says Sheldon. "But that small mental shift -- that we didn't have to choose between human and artificial intelligence, has let us build a tool that is faster, more comprehensive, and more reliable than either approach alone."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240411165923.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Study finds increased anxiety and PTSD among people who remained in Ukraine | ScienceDaily
Researchers from the International Blast Injury Research Network at the University of Southampton conducted a survey to understand how the mental health of displaced Ukrainians has been affected by the ongoing war. Their findings, published in PLOS Global Public Health, describe high levels of post-traumatic stress disorder (PTSD) and generalized anxiety among both refugees and people displaced within Ukraine.


						
Since the Russian invasion of Ukraine began in February 2022, at least 13 million people have been displaced from their homes. Both exposure to war and displacement -- specifically loss of community, housing and economic resources -- affect mental health. These impacts tend to be magnified among the elderly, those caring for children, and otherwise vulnerable populations.

Between April and July of 2022, the researchers surveyed over 8,000 participants, all of whom were either refugees or people displaced within Ukraine. The participants answered questions about their current circumstances, their mental health, and their exposures to blasts -- explosions caused by bombs or other military actions.

Nearly 8 out of 10 participants who remained in Ukraine and more than half of refugees reported blast exposure. Almost 70 percent of all survey participants reported anxiety, with people remaining in Ukraine reporting higher anxiety and more frequent flashbacks to traumatic events compared to refugees. Flashbacks are a symptom of PTSD and can range from fleeting, intrusive memories to minutes-long episodes where a person feels they are reliving the traumatic events -- in this study, the frequency of flashbacks was correlated to blast exposure.

Overall, this study suggests displaced people remaining in Ukraine face poorer mental health outcomes compared to refugees, likely because of their ongoing exposure to war. However, refugees still face considerable mental health challenges. The researchers emphasize, "Mental health and psychosocial support must be prioritized within humanitarian relief."

The authors add: "Exposure to blast events can be incredibly distressing. Our survey of 8300 Ukrainian respondents show that almost 70% reported witnessing a blast event during the first 4 months of Russia's full-scale invasion in 2022. Most worryingly, many respondents who were blast-exposed reported adverse mental health outcomes, including symptoms of PTSD."
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      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        First evidence of human occupation in lava tube cave in Saudi Arabia
        New research has highlighted an area in Arabia that once acted as a key point for cultural exchanges and trades amongst ancient people -- and it all took place in vast caves and lava tubes that have remained largely untapped reservoirs of archaeological abundance in Arabia. Through meticulous excavation and analysis, the international team uncovered a wealth of evidence at Umm Jirsan, spanning from the Neolithic to the Chalcolithic/Bronze Age periods (~10,000-3,500 years ago).

      

      
        Paleontologists unearth what may be the largest known marine reptile
        The fossilized remains of a second gigantic jawbone measuring more than two meters long has been found on a beach in Somerset, UK.

      

      
        'Tube map' around planets and moons made possible by knot theory
        Scientists have developed a new method using knot theory to find the optimal routes for future space missions without the need to waste fuel.

      

      
        Study finds iron-rich enamel protects, but doesn't color, rodents' orange-brown incisors
        Chattering squirrels, charming coypus, and tail-slapping beavers -- along with some other rodents -- have orange-brown front teeth. Researchers have produced high-resolution images of rodent incisors, providing an atomic-level view of the teeth's ingenious enamel and its coating. They discovered tiny pockets of iron-rich materials in the enamel that form a protective shield for the teeth but, importantly, don't contribute to the orange-brown hue -- new insights that could improve human dentistry.

      

      
        Two-dimensional nanomaterial sets record for expert-defying, counter-intuitive expansion
        Engineers have developed a record-setting nanomaterial which when stretched in one direction, expands perpendicular to the applied force.

      

      
        Making crops colorful for easier weeding
        To make weeding easier, scientists suggest bioengineering crops to be colorful or to have differently shaped leaves so that they can be more easily distinguished from their wild and weedy counterparts. This could involve altering the crops' genomes so that they express pigments that are already produced by many plants, for example, anthocyanins, which make blueberries blue, or carotenoids, which make carrots orange. Then, they say, weeding robots could be trained to remove only the weeds using ma...

      

      
        Older males out-compete young males outside breeding pairs, bird study shows
        Young male blue tits are less successful in fathering offspring outside their breeding pair, not because of a lack of experience, but because they are outcompeted by older males, researchers report.

      

      
        Most massive stellar black hole in our galaxy found
        Astronomers have identified the most massive stellar black hole yet discovered in the Milky Way galaxy. This black hole was spotted in data from the European Space Agency's Gaia mission because it imposes an odd 'wobbling' motion on the companion star orbiting it. Astronomers have verified the mass of the black hole, putting it at an impressive 33 times that of the Sun.

      

      
        A single atom layer of gold: Researchers create goldene
        For the first time, scientists have managed to create sheets of gold only a single atom layer thick. The material has been termed goldene. According to researchers, this has given the gold new properties that can make it suitable for use in applications such as carbon dioxide conversion, hydrogen production, and production of value-added chemicals.

      

      
        Can animals count?
        Researchers have made a groundbreaking discovery regarding number sense in animals by confirming the existence of discrete number sense in rats, offering a crucial animal model for investigating the neural basis of numerical ability and disability in humans.

      

      
        How Pluto got its heart
        The mystery of how Pluto got a giant heart-shaped feature on its surface has finally been solved by an international team of astrophysicists. The team is the first to successfully reproduce the unusual shape with numerical simulations, attributing it to a giant and slow oblique-angle impact.

      

      
        Unlocking the 'chain of worms'
        An international team of scientists has published a single-cell atlas for Pristina leidyi (Pristina), the water nymph worm, a segmented annelid with extraordinary regenerative abilities that has fascinated biologists for more than a century.

      

      
        Evolution's recipe book: How 'copy paste' errors cooked up the animal kingdom
        A series of whole genome and gene duplication events that go back hundreds of millions of years have laid the foundations for tissue-specific gene expression, according to a new study. The 'copy-paste' errors allowed animals to keep one copy of their genome or genes for fundamental functions, while the second copy could be used as raw material for evolutionary innovation. Events like these, at varying degrees of scale, occurred constantly throughout the bilaterian evolutionary tree and enabled tr...

      

      
        Even the simplest marine organisms tend to be individualistic
        Sport junkie or couch potato? Always on time or often late? The animal kingdom, too, is home to a range of personalities, each with its own lifestyle. Biologists report on a surprising discovery: even simple marine polychaete worms shape their day-to-day lives on the basis of highly individual rhythms. This diversity is of interest not just for the future of species and populations in a changing environment, but also for medicine.

      

      
        Leptanilla voldemort, a ghostly slender new ant species from the dark depths of the underground
        In the sun-scorched Pilbara region of north-western Australia, scientists have unearthed a mysterious creature from the shadows -- a new ant species called Leptanilla voldemort.

      

      
        Brightest gamma-ray burst of all time came from the collapse of a massive star
        In 2022, astronomers discovered the brightest gamma-ray burst (GRB) of all time. Now, astronomers confirm that a 'normal' supernova, the telltale sign of a stellar collapse, accompanied the GRB. The team also looked for signatures of heavy elements like gold and platinum in the supernova. They found no evidence of such elements, deepening the mystery of their origins.

      

      
        Stellar winds of three sun-like stars detected for the first time
        An international research team has for the first time directly detected stellar winds from three Sun-like stars by recording the X-ray emission from their astrospheres, and placed constraints on the mass loss rate of the stars via their stellar winds.

      

      
        Beautiful nebula, violent history: Clash of stars solves stellar mystery
        When astronomers looked at a stellar pair at the heart of a stunning cloud of gas and dust, they were in for a surprise. Star pairs are typically very similar, like twins, but in HD 148937, one star appears younger and, unlike the other, is magnetic. New data suggest there were originally three stars in the system, until two of them clashed and merged. This violent event created the surrounding cloud and forever altered the system's fate.
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First evidence of human occupation in lava tube cave in Saudi Arabia | ScienceDaily
Recent strides in interdisciplinary archaeological research in Arabia have unveiled new insights into the evolution and historical development of regional human populations, as well as the dynamic patterns of cultural change, migration, and adaptation to environmental fluctuations.


						
Despite the challenges posed by limited preservation of archaeological assemblages and organic remains in arid environments, these discoveries are reshaping our understanding of the region's rich cultural heritage.

One such breakthrough led by Griffith University's Australian Research Centre for Human Evolution (ARCHE), in collaboration with international partners, comes from the exploration of underground settings, including caves and lava tubes, which have remained largely untapped reservoirs of archaeological abundance in Arabia.

Through meticulous excavation and analysis, researchers have uncovered a wealth of evidence at Umm Jirsan, spanning from the Neolithic to the Chalcolithic/Bronze Age periods (~10,000-3,500 years ago).

"Our findings at Umm Jirsan provide a rare glimpse into the lives of ancient peoples in Arabia, revealing repeated phases of human occupation and shedding light on the pastoralist activities that once thrived in this landscape," said Dr Mathew Stewart, the lead researcher and a Research Fellow at ARCHE.

"This site likely served as a crucial waypoint along pastoral routes, linking key oases and facilitating cultural exchange and trade."

Rock art and faunal records attest to the pastoralist use of the lava tube and surrounding areas, painting a vivid picture of ancient lifeways.




Depictions of cattle, sheep, goat and dogs corroborate the prehistoric livestock practices and herd composition of the region.

Isotopic analysis of animal remains indicates that livestock primarily grazed on wild grasses and shrubs, while humans maintained a diet rich in protein, with a notable increase in the consumption of C3 plants over time, suggesting the emergence of oasis agriculture.

"While underground localities are globally significant in archaeology and Quaternary science, our research represents the first comprehensive study of its kind in Saudi Arabia," added Professor Michael Petraglia, Director of ARCHE.

"These findings underscore the immense potential for interdisciplinary investigations in caves and lava tubes, offering a unique window into Arabia's ancient past."

The research at Umm Jirsan underscores the importance of collaborative, multidisciplinary approaches to archaeological inquiry and highlights the significance of Arabia's archaeological heritage on the global stage.

Researchers involved in this study work in close partnership with the Heritage Commission, Saudi Ministry of Culture, and the Saudi Geological Survey. Additional partners include King Saud University and key institutions in the UK, the USA, and Germany.
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Paleontologists unearth what may be the largest known marine reptile | ScienceDaily
The fossilised remains of a second gigantic jawbone measuring more than two metres long has been found on a beach in Somerset, UK.


						
Experts have identified the bones as belonging to the jaws of a new species of enormous ichthyosaur, a type of prehistoric marine reptile. Estimates suggest the oceanic titan would have been more than 25 metres long.

Father and daughter, Justin and Ruby Reynolds from Braunton, Devon, found the first pieces of the second jawbone to be found in May 2020, while searching for fossils on the beach at Blue Anchor, Somerset. Ruby, then aged 11, found the first chunk of giant bone before searching together for additional pieces.

Realising they had discovered something significant, they contacted leading ichthyosaur expert, Dr Dean Lomax, a palaeontologist at The University of Manchester. Dr Lomax, who is also a 1851 Research Fellow at the University of Bristol, contacted Paul de la Salle, a seasoned fossil collector who had found the first giant jawbone in May 2016 from further along the coast at Lilstock.

Dr Dean Lomax said: "I was amazed by the find. In 2018, my team (including Paul de la Salle) studied and described Paul's giant jawbone and we had hoped that one day another would come to light. This new specimen is more complete, better preserved, and shows that we now have two of these giant bones -- called a surangular -- that have a unique shape and structure. I became very excited, to say the least."

Justin and Ruby, together with Paul, Dr Lomax, and several family members, visited the site to hunt for more pieces of this rare discovery. Over time, the team found additional pieces of the same jaw which fit together perfectly, like a multimillion-year-old jigsaw.

Justin said: "When Ruby and I found the first two pieces we were very excited as we realised that this was something important and unusual. When I found the back part of the jaw, I was thrilled because that is one of the defining parts of Paul's earlier discovery."

The last piece of bone was recovered in October 2022.




The research team, led by Dr Lomax, revealed that the jaw bones belong to a new species of giant ichthyosaur that would have been about the size of a blue whale. Comparing the two examples of the same bone with the same unique features from the same geologic time zone supports their identifications.

The team have called the new genus and species Ichthyotitan severnensis, meaning "giant fish lizard of the Severn."

The bones are around 202 million years old, dating to the end of the Triassic Period in a time known as the Rhaetian. During this time, the gigantic ichthyosaurs swam the seas while the dinosaurs walked on land. It was the titans' final chapter, however -- as the story told in the rocks above these fossils record a cataclysm known as the Late Triassic global mass extinction event. After this time, giant ichthyosaurs from the family known as Shastasauridae go extinct. Today, these bones represent the very last of their kind.

Ichthyotitan is not the world's first giant ichthyosaur, but de la Salles' and Reynolds' discoveries are unique among those known to science. These two bones appear roughly 13 million years after their latest geologic relatives, including Shonisaurus sikanniensis from British Columbia, Canada, and Himalayasaurus tibetensis from Tibet, China.

Dr Lomax added: "I was highly impressed that Ruby and Justin correctly identified the discovery as another enormous jawbone from an ichthyosaur. They recognised that it matched the one we described in 2018. I asked them whether they would like to join my team to study and describe this fossil, including naming it. They jumped at the chance. For Ruby, especially, she is now a published scientist who not only found but also helped to name a type of gigantic prehistoric reptile. There are probably not many 15-year-olds who can say that! A Mary Anning in the making, perhaps."

Ruby said: "It was so cool to discover part of this gigantic ichthyosaur. I am very proud to have played a part in a scientific discovery like this."

Further examinations of the bones' internal structures have been carried out by master's student, Marcello Perillo, from the University of Bonn, Germany. His work confirmed the ichthyosaur origin of the bones and revealed that the animal was still growing at the time of death.




He said: "We could confirm the unique set of histological characters typical of giant ichthyosaur lower jaws: the anomalous periosteal growth of these bones hints at yet to be understood bone developmental strategies, now lost in the deep time, that likely allowed late Triassic ichthyosaurs to reach the known biological limits of vertebrates in terms of size. So much about these giants is still shrouded by mystery, but one fossil at a time we will be able to unravel their secret."

Concluding the work, Paul de la Salle added: "To think that my discovery in 2016 would spark so much interest in these enormous creatures fills me with joy. When I found the first jawbone, I knew it was something special. To have a second that confirms our findings is incredible. I am overjoyed."

The new research has been published today in the open access journal PLOS ONE.

Ruby, Justin and Paul's discoveries will soon go on display at the Bristol Museum and Art Gallery.

Lomax said: "This research has been ongoing for almost eight years. It is quite remarkable to think that gigantic, blue whale-sized ichthyosaurs were swimming in the oceans around what was the UK during the Triassic Period. These jawbones provide tantalising evidence that perhaps one day a complete skull or skeleton of one of these giants might be found. You never know."
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'Tube map' around planets and moons made possible by knot theory | ScienceDaily
Just as sat-nav did away with the need to argue over the best route home, scientists from the University of Surrey have developed a new method to find the optimal routes for future space missions without the need to waste fuel.


						
The new method uses mathematics to reveal all possible routes from one orbit to another without guesswork or using enormous computer power.

Danny Owen, who developed the technique at the Surrey Space Centre, said:

"Previously, when the likes of NASA wanted to plot a route, their calculations relied on either brute force or guesswork.

"Our new technique neatly reveals all possible routes a spacecraft could take from A to B, as long as both orbits share a common energy level.

"This makes the task of planning missions much simpler. We think of it as a tube map for space."

In recent decades, space missions have increasingly relied on the ability to change the course of a satellite's path through space without using fuel.




One way of doing this is to find 'heteroclinic connections' -- the paths that allow spacecraft to transfer from one orbit to another without using fuel.

The mathematics for finding these paths is complex -- usually calculated by using vast computing power to churn through one option after another or by making an 'intelligent guess' and then investigating it further.

This new technique uses an area of maths called knot theory to quickly generate rough trajectories -- which can then be refined. By doing so, space agencies can gain a full list of all possible routes from a designated orbit. They can then choose the one that best suits their mission -- much as you might choose a route by studying the tube map.

The technique was tested successfully on various planetary systems -- including the Moon, and the Galilean moons of Jupiter. Both of these are the focus of current and future missions.

Dr Nicola Baresi, Lecturer in Orbital Mechanics at the University of Surrey, said:

"Spurred on by NASA's Artemis programme, the new Moon race is inspiring mission designers around the world to research fuel-efficient routes that can better and more efficiently explore the vicinity of the Moon.

"Not only does our technique make that cumbersome task more straightforward, but it can also be applied to other planetary systems, such as the icy moons of Saturn and Jupiter."
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Study finds iron-rich enamel protects, but doesn't color, rodents' orange-brown incisors | ScienceDaily
Chattering squirrels, charming coypus, and tail-slapping beavers -- along with some other rodents -- have orange-brown front teeth. Researchers have published high-resolution images of rodent incisors in ACS Nano, providing an atomic-level view of the teeth's ingenious enamel and its coating. They discovered tiny pockets of iron-rich materials in the enamel that form a protective shield for the teeth but, importantly, don't contribute to the orange-brown hue -- new insights that could improve human dentistry.


						
Human and animal teeth are coated in a complex crystalline substance called enamel. And while enamel is the hardest tissue in our bodies, it's even harder in rodents. Their ever-growing incisors have an additional outer layer of acid-resistant, iron-rich enamel. Previously, researchers suggested that this iron-rich material was also responsible for the striking orange to brown color of many rodents' incisors. However, the microscopic structure of the iron-rich enamel hadn't been fully characterized. To learn more about the composition of rodent tooth enamel, Vesna Srot and colleagues captured high-resolution images of incisor specimens from several species.

The researchers collected incisors from rodents that live in different environments: beavers, coypus, squirrels, marmots, rats, voles and mice. To investigate the structure, elemental composition and color transmission of the enamel, thin slices were taken from different sections of the teeth and prepared for imaging with optical microscopy, 3D focused ion beam tomography and scanning transmission electron microscopy. The micro- and nano-scale resolution images revealed:
    	Initially, cells that synthesize enamel components produce 6- to 8-nanometer-wide particles of iron-storage proteins called ferritins, which are the source material for iron ions in matured enamel.
    	As enamel matures and solidifies before the teeth erupt from the gums, iron-containing ferrihydrite-like material moves into the outer layer of enamel, occupying empty spaces between calcium-containing hydroxyapatite crystals.
    	The microstructure of the iron-rich enamel contains elongated nanometer-sized pockets filled with small amounts of the ferrihydrite-like material, which contribute acid resistance even though the filled pockets account for less than 2% of the volume of iron-rich enamel.
    	While these results suggest that different types of rodents develop the iron-rich outer enamel layer in a similar way, the depth of the layer vary by species, with mice having the thinnest and coypus having the thickest layers.
    	Finally, the intense orange-brown color of rodent incisors doesn't come from the filled pockets in the enamel, as was previously thought, but from a thin surface layer composed of aromatic amino acids and inorganic minerals.

The researchers suggest that adding small amounts of ferrihydrite-like or other colorless biocompatible iron minerals to dental care products could provide exceptional protection for human tooth enamel. In addition, incorporating small amounts of iron hydroxides into synthetic enamel could produce longer-lasting restorations for human teeth.

The authors acknowledge funding from the European Union's Horizon 2020 research and innovation programme.
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Two-dimensional nanomaterial sets record for expert-defying, counter-intuitive expansion | ScienceDaily
It is a common hack to stretch a balloon out to make it easier to inflate. When the balloon stretches, the width crosswise shrinks to the size of a string. Noah Stocek, a PhD student collaborating with Western University physicist Giovanni Fanchini, has developed a new nanomaterial that demonstrates the opposite of this phenomenon.


						
Working at Interface Science Western, home of the Tandetron Accelerator Facility, Stocek and Fanchini formulated two-dimensional nanosheets of tungsten semi-carbide (or W2C, a chemical compound containing equal parts of tungsten and carbon atoms) which when stretched in one direction, expand perpendicular to the applied force. This structural design is known as auxetics.

The trick is that the structure of the nanosheet itself isn't flat. The atoms in the sheet are made of repeating units consisting of two tungsten atoms to every carbon atom, which are arranged metaphorically like the dimpled surface of an egg carton. As tension is applied across the elastic nanosheet in one direction, it expands out in the other dimension as the dimples flatten.

Prior to this innovation, there has been only one reported material that could expand by 10 per cent per unit length in this counter-intuitive way. The Western-engineered tungsten semi-carbide nanosheet can expand to 40 percent, a new world record.

"We were specifically looking to create a two-dimensional nanomaterial from tungsten semi-carbide," said Stocek. "In 2018, theorists predicted that it might exhibit this behaviour to an excellent level, but nobody had been able to develop it, despite extensive attempts by research groups all over the world."

It wasn't possible to construct the new tungsten semi-carbide nanomaterial using chemical means, so Stocek and Fanchini relied on plasma physics to form the single atom layers. Made of charged particles of atoms, plasma is the fourth state of matter (with solid, liquid and gas). Plasma can be observed in the natural world in the northern lights, or Aurora Borealis, and the Sun's corona during the recent solar eclipse. It is also used in neon lighting, fluorescent tubes and flat-screen TVs.

Typically, the instrumentation used to make two-dimensional nanomaterials are special furnaces where gases are heated at a high enough temperature to chemically react and form the desired substance. This approach simply did not work because any chemical reaction, the most common process, would lead to a product different from the desired nanomaterial.




"That's where most researchers who tried to get this material before us got stuck, so we had to pivot," said Fanchini.

Instead of heating a gas made of tungsten and carbon atoms in furnaces, which would produce neutral particles as you would get for solids, liquids or gases, Stocek and Fanchini designed a new customized instrumentation that produces a plasma, which is made up of electrically charged particles.

Stretch goals

There are countless possible applications for these W2C nanosheets, beginning with a new type of strain gauge. These commercially available gauges are a standard way to measure expansion and stretch in everything from airplane wings to household plumbing.

"Imagine if you want to know if a pipe in your house is deforming and risks bursting at some point. You can stick a sensor on the pipe made from this two-dimensional nanomaterial, and then use a computer to monitor the current passing through it. If the current rises, it means the pipe is expanding and risks bursting," said Stocek.

The new nanomaterial, in fact, becomes more electrically conductive and that opens the door for endless possibilities to use in things like sensors, or any device that detects events or changes in the environment and sends the information to other electronics. Another application is embedding the material right in stretchable electronics, like wearable technology, so that they have more conductivity.

"Normally, strain gauges would rely on the fact that when you stretch a material, it gets thinner and you change the conductivity of a material to carry a current," said Fanchini. "With this new nanomaterial, this would no longer be the case."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240417130956.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Making crops colorful for easier weeding | ScienceDaily
To make weeding easier, scientists suggest bioengineering crops to be colorful or to have differently shaped leaves so that they can be more easily distinguished from their wild and weedy counterparts. This could involve altering the crops' genomes so that they express pigments that are already produced by many plants, for example, anthocyanins, which make blueberries blue, or carotenoids, which make carrots orange. Then, they say, weeding robots could be trained to remove only the weeds using machine learning. The authors outline their proposed strategy on April 17 in the journal Trends in Plant Science.


						
"To improve the recognition of weeds, we propose using gene editing techniques to introduce traits into de novo domesticated crops that will allow for visual recognition of the crops by weeding robots that have been trained by machine learning," write the researchers, led by plant and environmental scientist Michael Palmgren of the University of Copenhagen. "This sustainable approach to eliminating wild analogues in the field combines the potential of genome editing with the power of artificial intelligence and, in principle, could also be used for already established crops."

Humans domesticated crops over the course of thousands of years via meticulous selection and breeding. Thanks to genetics, we now know many of the genes responsible for the desirable traits that our ancestors selected for, which means that new or "de novo" crops could be domesticated much more rapidly by using bioengineering techniques such as gene editing to alter or introduce these traits into wild plants. Since many wild plants are more tolerant to environmental stressors than existing crop species, this could also help create more climate change-resilient crops.

"The ultimate objective is to cultivate a novel range of crops that are environmentally sustainable, high-yielding, and conducive to eco-friendly agricultural practices," the researchers write.

However, de novo domesticated crops are likely to closely resemble their wild counterparts, which would make weeding challenging. One option would be to introduce herbicide resistance genes into the de novo crop and then use herbicides to kill the weeds. Instead, the researchers suggest pairing genetic engineering with AI technologies to create visually distinctive de novo crops plants that robot weeders can easily differentiate from weeds.

"Distinguishing these new crops from their less productive and closely related wild plants could present tremendous challenges for weed control," the researchers write. "Utilizing gene editing to enhance their visual recognition by weeding robots could effectively address this issue."

Rather than introducing non-plant genes (transgenesis) into the de novo crops, the researchers propose altering the plants' genomes so that they express pigments that are already produced by many plants -- for example, anthocyanins, which are responsible for red, purple, and blue plant in plants including berries and purple cabbage, and carotenoids, which are responsible for yellow, orange, and red hues of various plant parts including carrots, peppers, and leaves, where they are important for photosynthesis.




"Manipulating these pivotal genes would significantly enhance the accuracy of discriminating between newly domesticated crops and their wild counterparts," the researchers write.

As well as enabling visual discrimination, these pigments could have additional benefits for plant and human health. Anthocyanin accumulation in plants is associated with greater resistance to herbivory, fungal diseases, bacterial infections, heavy metal toxicity, and other environmental stresses, while carotenoids are a source of provitamin A in the human diet.

"Due to these beneficial traits, anthocyanin-rich plants offer not only a straightforward way to distinguish domesticated crops from weeds but also hold promise for practical applications in agriculture," the researchers write.

An alternative (or supplementary) option would be to alter the leaf structure of de novo crops to make them more or less complicated than their wild counterparts -- for example by inducing mutations in the genes that add or remove leaf lobes. And to facilitate seed sorting post-harvest, de novo crops could be created to have a different seed color or shape.

More research is needed to examine whether these changes would impact the crops' vitality, for example, to test whether these pigments interfere with photosynthesis or plant resilience. Additional studies are also needed to improve remote sensing techniques and to investigate the best methods for training weeding robots to recognize the de novo crops' new traits.
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Older males out-compete young males outside breeding pairs, bird study shows | ScienceDaily
Young male blue tits are less successful in fathering offspring outside their breeding pair, not because of a lack of experience, but because they are outcompeted by older males, Bart Kempenaers and colleagues from the Max Planck Institute for Biological Intelligence in Germany report in a study publishing April 16 in the open-access journal PLOS Biology.


						
Many birds form breeding pairs but will also mate and produce offspring outside of that pairing -- known as "extra-pair" paternity. Inexperienced males in their first year of breeding are less likely to father extra-pair offspring than adult males, but it is unclear whether their poor performance is because of competition with older males, or because of a lack of skills or experience.

Between 2007 and 2021, researchers studied the breeding behavior of a wild population of blue tits (Cyanistes caeruleus) living in nest boxes in a German forest, using radio-frequency identification technology, behavioral observations, and DNA testing. Then, in 2022, the team relocated almost all the adult males from the population. They compared the extra-pair breeding success of young males in this altered population with data from the previous 15 years. In the absence of competition from adult males, 33% of young males fathered at least one extra-pair offspring, compared to just 13% on average in years when adult males were present. Their extra-pair breeding success matched that of adult males in normal conditions.

These results suggest that young males' failure to father extra-pair offspring is due to competition with adult males, rather than a lack of experience or maturity. Adult males may outcompete young males for a variety of reasons. They might fare better in fights over females, they might invest more energy in extra-pair mating, females may find them more attractive, or a combination of these factors might be at play, the authors say.

The authors add, "Our study indicates that the generally observed low extra-pair siring success of first-year males is due to competition with older males. This age effect is thus mediated by the social environment, at least in the blue tit."
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Most massive stellar black hole in our galaxy found | ScienceDaily
Astronomers have identified the most massive stellar black hole yet discovered in the Milky Way galaxy. This black hole was spotted in data from the European Space Agency's Gaia mission because it imposes an odd 'wobbling' motion on the companion star orbiting it. Data from the European Southern Observatory's Very Large Telescope (ESO's VLT) and other ground-based observatories were used to verify the mass of the black hole, putting it at an impressive 33 times that of the Sun.


						
Stellar black holes are formed from the collapse of massive stars and the ones previously identified in the Milky Way are on average about 10 times as massive as the Sun. Even the next most massive stellar black hole known in our galaxy, Cygnus X-1, only reaches 21 solar masses, making this new 33-solar-mass observation exceptional [1].

Remarkably, this black hole is also extremely close to us -- at a mere 2000 light-years away in the constellation Aquila, it is the second-closest known black hole to Earth. Dubbed Gaia BH3 or BH3 for short, it was found while the team were reviewing Gaia observations in preparation for an upcoming data release. "No one was expecting to find a high-mass black hole lurking nearby, undetected so far," says Gaia collaboration member Pasquale Panuzzo, an astronomer at the Observatoire de Paris, part of France's National Centre for Scientific Research (CNRS). "This is the kind of discovery you make once in your research life."

To confirm their discovery, the Gaia collaboration used data from ground-based observatories, including from the Ultraviolet and Visual Echelle Spectrograph (UVES) instrument on ESO's VLT, located in Chile's Atacama Desert [2]. These observations revealed key properties of the companion star, which, together with Gaia data, allowed astronomers to precisely measure the mass of BH3.

Astronomers have found similarly massive black holes outside our galaxy (using a different detection method), and have theorised that they may form from the collapse of stars with very few elements heavier than hydrogen and helium in their chemical composition. These so-called metal-poor stars are thought to lose less mass over their lifetimes and hence have more material left over to produce high-mass black holes after their death. But evidence directly linking metal-poor stars to high-mass black holes has been lacking until now.

Stars in pairs tend to have similar compositions, meaning that BH3's companion holds important clues about the star that collapsed to form this exceptional black hole. UVES data showed that the companion was a very metal-poor star, indicating that the star that collapsed to form BH3 was also metal-poor -- just as predicted.

The research study, led by Panuzzo, is published today in Astronomy & Astrophysics. "We took the exceptional step of publishing this paper based on preliminary data ahead of the forthcoming Gaia release because of the unique nature of the discovery," says co-author Elisabetta Caffau, also a Gaia collaboration member from the CNRS Observatoire de Paris. Making the data available early will let other astronomers start studying this black hole right now, without waiting for the full data release, planned for late 2025 at the earliest.




Further observations of this system could reveal more about its history and about the black hole itself. The GRAVITY instrument on ESO's VLT Interferometer, for example, could help astronomers find out whether this black hole is pulling in matter from its surroundings and better understand this exciting object.

Notes

[1] This is not the most massive black hole in our galaxy -- that title belongs to Sagittarius A*, the supermassive black hole at the Milky Way's centre, which has about four million times the mass of the Sun. But Gaia BH3 is the most massive black hole known in the Milky Way that formed from the collapse of a star.

[2] Aside from UVES on ESO's VLT, the study relied on data from: the HERMES spectrograph at the Mercator Telescope operated at La Palma (Spain) by Leuven University, Belgium, in collaboration with the Observatory of the University of Geneva, Switzerland; and the SOPHIE high-precision spectrograph at the Observatoire de Haute-Provence -- OSU Institut Pytheas.
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A single atom layer of gold: Researchers create goldene | ScienceDaily
For the first time, scientists have managed to create sheets of gold only a single atom layer thick. The material has been termed goldene. According to researchers from Linkoping University, Sweden, this has given the gold new properties that can make it suitable for use in applications such as carbon dioxide conversion, hydrogen production, and production of value-added chemicals. Their findings are published in the journal Nature Synthesis.


						
Scientists have long tried to make single-atom-thick sheets of gold but failed because the metal's tendency to lump together. But researchers from Linkoping University have now succeeded thanks to a hundred-year-old method used by Japanese smiths.

"If you make a material extremely thin, something extraordinary happens -- as with graphene. The same thing happens with gold. As you know, gold is usually a metal, but if single-atom-layer thick, the gold can become a semiconductor instead," says Shun Kashiwaya, researcher at the Materials Design Division at Linkoping University.

To create goldene, the researchers used a three-dimensional base material where gold is embedded between layers of titanium and carbon. But coming up with goldene proved to be a challenge. According to Lars Hultman, professor of thin film physics at Linkoping University, part of the progress is due to serendipidy.

"We had created the base material with completely different applications in mind. We started with an electrically conductive ceramics called titanium silicon carbide, where silicon is in thin layers. Then the idea was to coat the material with gold to make a contact. But when we exposed the component to high temperature, the silicon layer was replaced by gold inside the base material," says Lars Hultman.

This phenomenon is called intercalation and what the researchers had discovered was titanium gold carbide. For several years, the researchers have had titanium gold carbide without knowing how the gold can be exfoliated or panned out, so to speak.

By chance, Lars Hultman found a method that has been used in Japanese forging art for over a hundred years. It is called Murakami's reagent, which etches away carbon residue and changes the colour of steel in knife making, for example. But it was not possible to use the exact same recipe as the smiths did. Shun Kashiwaya had to look at modifications:

"I tried different concentrations of Murakami's reagent and different time spans for etching. One day, one week, one month, several months. What we noticed was that the lower the concentration and the longer the etching process, the better. But it still wasn't enough," he says.




The etching must also be carried out in the dark as cyanide develops in the reaction when it is struck by light, and it dissolves gold. The last step was to get the gold sheets stable. To prevent the exposed two-dimensional sheets from curling up, a surfactant was added. In this case, a long molecule that separates and stabilises the sheets, i.e. a tenside.

"The goldene sheets are in a solution, a bit like cornflakes in milk. Using a type of "sieve," we can collect the gold and examine it using an electron microscope to confirm that we have succeeded. Which we have," says Shun Kashiwaya.

The new properties of goldene are due to the fact that the gold has two free bonds when two-dimensional. Thanks to this, future applications could include carbon dioxide conversion, hydrogen-generating catalysis, selective production of value-added chemicals, hydrogen production, water purification, communication, and much more. Moreover, the amount of gold used in applications today can be much reduced.

The next step for the LiU researchers is to investigate whether it is possible to do the same with other noble metals and identify additional future applications.
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Can animals count? | ScienceDaily
Research co-led by neuroscientists Professor Yung Wing-ho from City University of Hong Kong (CityUHK) and Professor Ke Ya from The Chinese University of Hong Kong (CUHK) Faculty of Medicine (CU Medicine) has made a groundbreaking discovery regarding number sense in animals by confirming the existence of discrete number sense in rats, offering a crucial animal model for investigating the neural basis of numerical ability and disability in humans.


						
The research team has developed an innovative approach that employs a novel numerical learning task, brain manipulation techniques and artificial intelligence modelling, and that resolves an ongoing argument about whether rats have a sense of numbers. The study sheds light on the mechanisms underlying numerical ability. The findings have been published in the renowned multidisciplinary scientific journal Science Advances.

Number sense closely linked to survival and intelligence

Number sense is a fundamental ability in animals' perception of the world and increases their chances of survival. It is also an important cognitive ability, which is fundamental to mathematical aptitude, a hallmark of human intelligence. About 3% to 7% of people suffer from dyscalculia, a learning disability that affects the ability to learn arithmetic and mathematics of people of normal intelligence; a deficit in number sense is one of the major symptoms.

Number sense refers to the capability to compare, estimate and manipulate nonsymbolic numerical quantities, rather than associated magnitudes, which are continuous dimensions inherent in a group of items, such as the area of visual objects or the duration of sound pulses. There have been challenges regarding whether number sense can be assessed in isolation from the influence of continuous magnitudes. Also, there has been a vivid ongoing debate regarding whether the sense of magnitude or the sense of number is more fundamental.

Study confirms that the rat brain has a specific area for dealing with numbers

The research team minimised the influence of continuous magnitudes in numerical tests and conducted meticulous quantitative analyses in the study to determine the respective contributions of numbers and magnitudes. They developed an algorithm to generate stimuli that enable animals to focus only on numbers, minimising other distracting factors. This will help scientists better understand how animals perceive and quantify numbers.




The study found that rats without any previous knowledge of numbers were able to develop a sense of numbers when trained with sounds representing two or three numbers. Despite the influence of continuous magnitudes, the rats consistently focused on the number of sounds when making choices for food rewards.

Professor Yung, Associate Dean of the Jockey Club College of Veterinary Medicine and Life Sciences and Chair Professor of Cognitive Neuroscience at CityUHK, said, "Our study helps dissect the relationship between magnitude and numerosity processing. We discovered that when we blocked a specific part of the rats' brain, called the posterior parietal cortex, their ability to understand numbers was affected but not their sense of magnitude. This suggests that the brain has a specific area for dealing with numbers. In fact, this is the first time scientists have demonstrated that rats have the ability to discriminate and categorise three different numbers in a single test, surpassing a simple quantity comparison."

Professor Ke from the School of Biomedical Sciences at CU Medicine expressed excitement about the findings. "The study not only solves a long-standing mystery about how brains handle numbers, but also offers new insights into studying the specific neural circuits involved in number processing in animals and how genes are associated with mathematical ability," she said. "Furthermore, the findings from neural network modelling could have practical applications in the field of artificial intelligence. In the future, our increased understanding of the brain mechanisms underlying the processing of numbers may contribute to the development of interventions for individuals with numerical difficulties."

Professor Yung and Professor Ke are the corresponding authors. Other contributing authors include Dr Liang Tuo, Dr Peng Rongchao, Mr Rong Kanglin and Ms Li Jiaxin from CUHK.
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How Pluto got its heart | ScienceDaily
The mystery of how Pluto got a giant heart-shaped feature on its surface has finally been solved by an international team of astrophysicists led by the University of Bern and members of the National Center of Competence in Research (NCCR) PlanetS. The team is the first to successfully reproduce the unusual shape with numerical simulations, attributing it to a giant and slow oblique-angle impact.


						
Ever since the cameras of NASA's New Horizons mission discovered a large heart-shaped structure on the surface of the dwarf planet Pluto in 2015, this "heart" has puzzled scientists because of its unique shape, geological composition, and elevation. A team of scientists from the University of Bern, including several members of the NCCR PlanetS, and the University of Arizona in Tucson have used numerical simulations to investigate the origins of Sputnik Planitia, the western teardrop-shaped part of Pluto's "heart" surface feature. According to their research, Pluto's early history was marked by a cataclysmic event that formed Sputnik Planitia: a collision with a planetary body about 700 km in diameter, roughly twice the size of Switzerland from east to west. The team's findings, which were recently published in Nature Astronomy, also suggest that the inner structure of Pluto is different from what was previously assumed, indicating that there is no subsurface ocean.

A divided heart

The "heart," also known as the Tombaugh Regio, captured the public's attention immediately upon its discovery. But it also immediately caught the interest of scientists because it is covered in a high-albedo material that reflects more light than its surroundings, creating its whiter color. However, the "heart" is not composed of a single element. Sputnik Planitia (the western part) covers an area of 1200 by 2000 kilometers, which is equivalent to a quarter of Europe or the United States. What is striking, however, is that this region is three to four kilometers lower in elevation than most of Pluto's surface. "The bright appearance of Sputnik Planitia is due to it being predominantly filled with white nitrogen ice that moves and convects to constantly smooth out the surface. This nitrogen most likely accumulated quickly after the impact due to the lower altitude," explains Dr. Harry Ballantyne from the University of Bern, lead author of the study. The eastern part of the "heart" is also covered by a similar but much thinner layer of nitrogen ice, the origin of which is still unclear to scientists, but is probably related to Sputnik Planitia.

An oblique impact

"The elongated shape of Sputnik Planitia strongly suggests that the impact was not a direct head-on collision but rather an oblique one," points out Dr. Martin Jutzi of the University of Bern, who initiated the study. So the team, like several others around the world, used their Smoothed Particle Hydrodynamics (SPH) simulation software to digitally recreate such impacts, varying both the composition of Pluto and its impactor, as well as the velocity and angle of the impactor. These simulations confirmed the scientists' suspicions about the oblique angle of impact and determined the composition of the impactor.

"Pluto's core is so cold that the rocks remained very hard and did not melt despite the heat of the impact, and thanks to the angle of impact and the low velocity, the core of the impactor did not sink into Pluto's core, but remained intact as a splat on it," explains Harry Ballantyne. "Somewhere beneath Sputnik is the remnant core of another massive body, that Pluto never quite digested," adds co-author Erik Asphaug from the University of Arizona. This core strength and relatively low velocity were key to the success of these simulations: lower strength would result in a very symmetrical leftover surface feature that does not look like the teardrop shape observed by New Horizons. "We are used to thinking of planetary collisions as incredibly intense events where you can ignore the details except for things like energy, momentum and density. But in the distant Solar System, velocities are so much slower, and solid ice is strong, so you have to be much more precise in your calculations. That's where the fun starts," says Erik Asphaug. The two teams have a long record of collaborations together, exploring since 2011 already the idea of planetary "splats" to explain, for instance, features on the far side of the Moon. After our moon and Pluto, the University of Bern team plans to explore similar scenarios for other outer Solar System bodies such as the Pluto-like dwarf planet Haumea.

No subsurface ocean on Pluto

The current study sheds new light on Pluto's internal structure as well. In fact, a giant impact like the one simulated is much more likely to have occurred very early in Pluto's history. However, this poses a problem: a giant depression like Sputnik Planitia is expected to slowly move towards the pole of the dwarf planet over time due to the laws of physics, since it has a mass deficit. Yet it is paradoxically near the equator. The previous theorized explanation was that Pluto, like several other planetary bodies in the outer Solar System, has a subsurface liquid water ocean. According to this previous explanation, Pluto's icy crust would be thinner in the Sputnik Planitia region, causing the ocean to bulge there, and since liquid water is denser than ice, you would end up with a mass surplus that induces migration toward the equator.

However, the new study offers an alternative perspective. "In our simulations, all of Pluto's primordial mantle is excavated by the impact, and as the impactor's core material splats onto Pluto's core, it creates a local mass excess that can explain the migration toward the equator without a subsurface ocean, or at most a very thin one," explains Martin Jutzi. Dr. Adeene Denton from the University of Arizona, also co-author of the study, is currently conducting a new research project to estimate the speed of this migration. "This novel and inventine origin for Pluto's heart-shaped feature may lead to a better understanding of Pluto's origin," she concludes.
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Unlocking the 'chain of worms' | ScienceDaily
An international team of scientists including B. Duygu Ozpolat at Washington University in St. Louis has published the first single-cell atlas for Pristina leidyi (Pristina), the water nymph worm, a segmented annelid with extraordinary regenerative abilities that has fascinated biologists for more than a century.


						
Annelid worms -- including the most familiar among them, the earthworms -- are a broadly distributed, highly diverse, economically and environmentally important group of animals.

Most annelids can regenerate missing body parts, and many are able to reproduce asexually. But the adult stem cell populations involved in these processes, as well as the diversity of cell types generated by the stem cells, have remained unknown.

This particular worm, Pristina, first caught the eye of biologists in the 1800s and has remained an object of much interest. Under laboratory conditions, Pristina grows very rapidly and creates copies of itself by asexual reproduction.

Using a mechanism called paratomic fission, the worm starts forming and differentiating new head and tail segments from within a single body segment, producing what is known as a "chain of worms." Eventually these clones separate and become distinct individuals.

"These worms are constantly generating all body parts and therefore all adult cell types," said Ozpolat, an assistant professor of biology in Arts & Sciences.

In all, the new single-cell atlas for this worm assembles 75,218 single-cell transcriptomes characterizing all major annelid cell types, including complex patterns of regionally expressed genes in the annelid gut, as well as neuronal, muscle and epidermal specific genes. The study is published in Nature Communications.

"We want to understand how different organisms like Pristina have evolved to continuously grow throughout their lives and regenerate, the nature of cells involved in these processes, and molecular signatures they have," Ozpolat said.




"Different organisms have evolved different strategies," she said. "The cellular and genetic mechanisms we learn from the worms not only help us understand these fascinating organisms better, but can also inform stem cell technologies and regenerative medicine down the line."

"It is curious that these worms can maintain adult stem cells indefinitely," Ozpolat said.

"We have grown thousands of clones from a single individual, and our worm cultures are still going strong."

Segmented reality

Ozpolat produced and mapped the single-cell atlas for Pristina in partnership with Jordi Solana at University of Exeter in the United Kingdom and Patricia Alvarez-Campos at Universidad Autonoma de Madrid. Solana and his group had previously focused on stem cells in a different type of worm: the planarian, or flatworm.

Pristina was a new challenge for the combined team to take on. Annelids like Pristina have bodies that are made up of a series of segments with a growth zone at the tail end which produces new segments continuously from two concentric rings of stem cells.




And then there was Pristina's unusual tendency to bud, or make a chain.

"When the animal reaches a certain size, then it somehow senses that it has reached the threshold to split," Ozpolat said. "And so, it starts making a head and then a new tail in the middle of its body. This means it has to completely reorganize what used to be a segment that contained the intestine into a segment that now will have a new brain, or new ovaries and testes."

As a postdoctoral scholar, Ozpolat was most interested in how worms made new gonads as part of this chain-like reproductive process.

For her future research directions, she plans to also focus on the gut.

"With single-cell atlases, you take an entire organism and you literally split it into its individual cells. And then you look at gene expression in each cell separately," she said. "Then you group them into these maps, based on their similarities in terms of gene expression patterns.

"We found cell types that we didn't even know that existed in this animal," Ozpolat said. "Its gut is so neatly organized and specific. There are about 12 different gut cell types in this tiny little worm, which will be very interesting for future projects we're already working on.

"It just opens up so many doors now that you can visualize these different cell types, and how they behave during fission and regeneration," she said.
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Evolution's recipe book: How 'copy paste' errors cooked up the animal kingdom | ScienceDaily
A series of whole genome and gene duplication events that go back hundreds of millions of years have laid the foundations for tissue-specific gene expression, according to a new study in the journal Nature Ecology and Evolution. The 'copy paste' errors allowed animals to keep one copy of their genome or genes for fundamental functions, while the second copy could be used as raw material for evolutionary innovation. Events like these, at varying degrees of scale, occurred constantly throughout the bilaterian evolutionary tree and enabled traits and behaviours as diverse as insect flight, octopus camouflage and human cognition.


						
700 million years ago, a remarkable creature emerged for the first time. Though it may not have been much to look at by today's standards, the animal had a front and a back, a top and a bottom. This was a groundbreaking adaptation at the time, and one which laid down the basic body plan which most complex animals, including humans, would eventually inherit.

The inconspicuous animal resided in the ancient seas of Earth, likely crawling along the seafloor. This was the last common ancestor of bilaterians, a vast supergroup of animals including vertebrates (fish, amphibians, reptiles, birds, and mammals), and invertebrates (insects, arthropods, molluscs, worms, echinoderms and many more).

To this day, more than 7,000 groups of genes can be traced back to the last common ancestor of bilaterians, according to a study of 20 different bilaterian species including humans, sharks, mayflies, centipedes and octopuses. The findings were made by researchers at the Centre for Genomic Regulation (CRG) in Barcelona and are published today in the journal Nature Ecology and Evolution.

Remarkably, the study found that around half of these ancestral genes have since been repurposed by animals for use in specific parts of the body, particularly in the brain and reproductive tissues. The findings are surprising because ancient, conserved genes usually have fundamental, important jobs that are needed in many parts of the body.

When the researchers took a closer look, they found a series of serendipitous 'copy paste' errors during bilaterian evolution were to blame. For example, there was a significant moment early in the history of vertebrates. A bunch of tissue-specific genes first appeared coinciding with two whole genome duplication events. Animals could keep one copy for fundamental functions, while the second copy could be used as raw material for evolutionary innovation. Events like these, at varying degrees of scale, occurred constantly throughout the bilaterian evolutionary tree.

"Our genes are like a vast library of recipes that can be cooked up differently to create or change tissues and organs. Imagine you end up with two copies of a recipe for paella by accident. You can keep and enjoy the original recipe while evolution tweaks the extra copy so that it makes risotto instead. Now imagine the entire recipe book is copied -- twice -- and the possibilities it opens for evolution. The legacy of these events, which took place hundreds of millions of years ago, lives on in most complex animals today," explains Federica Mantica, author of the paper and researcher at the Centre for Genomic Regulation (CRG) in Barcelona.




The authors of the study found many examples of new, tissue-specific functions made possible by the specialisation of these ancestral genes. For example, the TESMIN and tomb genes, which originated from the same ancestor, ended up independently playing a specialised role in the testis both in vertebrates and insects. Their importance is highlighted by the fact that problems with these genes can disrupt sperm production, affecting fertility in both mice and fruit flies.

The specialisation of ancestral genes also laid some foundations for the development of complex nervous systems. For example, in vertebrates, the researchers found genes critical for the formation of myelin sheaths around nerve cells, which are essential for fast nerve signal transmission. In humans they also identified FGF17, which is thought to play an important role in maintaining cognitive functions into old age.

In insects, specific genes became specialised in muscles and in the epidermis for cuticle formation, contributing to their ability to fly. In the skin of octopuses, other genes became specialised to perceive light stimulI, contributing to their ability to change colour, camouflage and communicate with other octopuses.

By studying the evolution of species at the tissue level, the study demonstrates that changes in the way genes are used in different parts of the body have played a big role in creating new and unique features in animals. In other words, when genes start acting in specific tissues, it can lead to the development of new physical traits or abilities, which ultimately contributes to animal evolution.

"Our work makes us rethink the roles and functions that genes play. It shows us that genes that are crucial for survival and have been preserved through millions of years can also very easily acquire new functions in evolution. It reflects evolution's balancing act between preserving vital roles and exploring new paths," concludes ICREA Research Professor Manuel Irimia, co-author of the paper and researcher at the Centre for Genomic Regulation.
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Even the simplest marine organisms tend to be individualistic | ScienceDaily
Sport junkie or couch potato? Always on time or often late? The animal kingdom, too, is home to a range of personalities, each with its own lifestyle. In a study just released in the journal PLOS Biology, a team led by Soren Hafker and Kristin Tessmar-Raible from the Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research (AWI) and the University of Vienna report on a surprising discovery: even simple marine polychaete worms shape their day-to-day lives on the basis of highly individual rhythms. This diversity is of interest not just for the future of species and populations in a changing environment, but also for medicine.


						
At first glance, the star of the new study may not seem particularly impressive: only a few centimetres long, Platynereis dumerilii is a species of polychaete worm that can be found in temperate to tropical coastal waters around the globe; if your goal is to find outstanding animal personalities, surely there are better suited candidates. But that wasn't the primary goal of the study, which experts from the AWI, the Max Perutz Labs in Vienna, the Universities of Vienna and Oldenburg, and the Katholieke Universiteit Leuven in Belgium contributed to. First and foremost, the researchers were interested in the internal clocks that dictate countless organisms' daily rhythms.

"Biological timing is important at a number of levels," explains Kristin Tessmar-Raible, a biologist at the AWI. "The ecological ties between species depend just as much on it as they do on biochemical processes at the cellular level." But how do organisms' internal clocks react when human beings warm the climate or use artificial light to turn night into day? "When it comes to marine organisms, we still know very little," says Soren Hafker, the study's main author. In this regard, rhythms are especially important in their lives: temperature, available light and food, and various other factors change throughout the day, and the organisms have to respond accordingly. They adapt their behaviour, metabolism, and genetic activity to these external rhythms.

However, it remains unclear whether they'll be equally successful at doing so in the future. And when their internal clocks no longer match their environment, it can become a matter of survival. "As such, we need a much better understanding of how the rhythms of the oceans are changing and what it will mean for individual species and populations," the biologist stresses -- which means there's a wealth of reasons to take a closer look at the daily behaviour of Platynereis dumerilii. In fact, for chronobiology, which focuses on organisms' internal clocks, this distant relative of the dew worm has become one of the most important model species.

In past experiments, the team had noticed how the worms had quite disparate daily rhythms. Among human beings, it's a familiar phenomenon: early birds rarely turn into night owls, and vice versa. But what about in marine polychaete worms? Are their behavioural differences just random variations or do they also have a personal tact? To find out, the group systematically observed the worms' daily activities when there was a new moon. What they saw: some individuals became active at exactly the same time every night. In turn, others appeared to be arrhythmic "couch potatoes" that were only occasionally active -- plus, there were various "shades of grey" between these two extremes. When the same worms were observed again several weeks later, their behaviour remained largely unchanged: once a couch potato, always a couch potato. "We were very surprised to see how reproducible the individual behavioural rhythms were," says Tessmar-Raible. "This shows us that even worms have tiny, rhythmic personalities, so to speak."

More individuality = more resiliency

To gain further insights into these behavioural differences, the group systematically compared the genetic activity in the heads of worms prone to particularly rhythmic and arrhythmic behaviour. Surprisingly, they found that the daily internal clock worked perfectly fine in all specimens, even the arrhythmic "couch potatoes," and that the number of genes with rhythmic activity was nearly as high as in the "punctual" worms. The wide range of strategies they employ could offer the worms an evolutionary edge, as the experts surmise. After all, they live in a coastal environment with highly variable conditions; as such, lifestyle A might be the best choice for a given spot, while not far away, lifestyle B might be a better fit. In addition, this form of individuality could make them more resilient to major anthropogenic changes -- in a transforming world, this diversity increases the chances of at least some worms being able to cope with their new circumstances.

But the study doesn't just offer new insights into marine rhythms; it also underscores the fact that the processes at work within a given organism aren't necessarily reflected in its behaviour: even among the couch potato worms, the genetic activity follows a daily rhythm, even if it's not externally recognisable. And that's likely true not just for worms, but for human beings as well. "That's why such findings are also exciting for fields like chronomedicine," says Tessmar-Raible.

In recent years, there have been intensified and successful efforts to bear patients' individual daily rhythms in mind in the context of treating them. But, just as with the worms observed, they consist of various components, ranging from behaviour to genetic activity, which can react differently to medications and the timing of when they are administered. Accordingly, especially when it comes to human beings, it is important for chronomedical analyses to consider several different levels -- if even worms can be so individualistic, our species is likely no exception.
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Leptanilla voldemort, a ghostly slender new ant species from the dark depths of the underground | ScienceDaily
In the sun-scorched Pilbara region of north-western Australia, scientists have unearthed a mysterious creature from the shadows -- a new ant species of the elusive genus Leptanilla.


						
The new species, Leptanilla voldemort -- L. voldemort for short -- is a pale ant with a slender build, spindly legs, and long, sharp mandibles. The species name pays homage to the dark wizard Lord Voldemort, the fearsome antagonist of the Harry Potter series, drawing parallels with the ant's ghostly and slender appearance, and the dark underground environment, from which it has emerged.

Scientists Dr Mark Wong of the University of Western Australia and Jane McRae of Bennelongia Environmental Consultants describe the enigmatic new species in a paper published in the open access journal ZooKeys.

Leptanilla voldemort was discovered during an ecological survey to document animals living belowground in the arid Pilbara region of north-western Australia. Only two specimens of the bizarre new ant species were found. Both were collected in a net that was lowered down a 25-metre drill hole and skilfully retrieved while scraping against the hole's inner surface -- an innovative technique for collecting underground organisms known as 'subterranean scraping'.

Compared to other Leptanilla antspecies, L. voldemort has an extremely slender body as well as long, spindly antennae and legs. Together with its collection from a 25-metre-deep drill hole, this unusual morphologyhas left experts speculating as to whether it truly dwells in soil like other Leptanilla species, or exploits a different subterranean refuge, such as the air-filled voids and cracks that form within layers of rock deeper underground.

The long, sharp jaws of L. voldemort, however, leave little to the imagination.

"Leptanilla voldemort is almost surely a predator, a fearsome hunter in the dark. This is backed up by what we know from the few observations of specialised hunting behaviours in other Leptanilla antspecies, where the tiny workers use their sharp jaws and powerful stings to immobilise soil-dwelling centipedes much larger than them, before carrying their larvae over to feed on the carcass" said Dr Wong, lead author of the study.




The exact prey of L. voldemort, however, is not known, though a variety of other subterranean invertebrates, including centipedes, beetles and flies, were collected from the same locality.

There are over 14,000 species of ants worldwide, but only about 60 belong to the enigmatic genus Leptanilla. Unlike most ants, all species of Leptanilla are hypogaeic -- their small colonies, usually comprising a queen and only a hundred or so workers, nest and forage exclusively underground. To adapt to life in darkness, Leptanilla workers are blind and colourless. The lilliputian members of the ant world, these ants measure just 1 to 2 millimetres -- not much larger than a grain of sand -- allowing them to move effortlessly through the soil. Due to their miniscule size, pale colouration, and unique underground dwellings, finding Leptanilla species is a challenge even for expert ant scientists, and much of their biology remains shrouded in mystery.

While Australia boasts some of the highest levels of ant diversity in the world -- with estimates ranging from 1,300 to over 5,000 species -- L. voldemort is only the second Leptanilla species discovered from the continent. The first, Leptanilla swani, was described nearly a century ago -- from a small colony found under a rock in 1931 -- and has almost never been seen since.

With its formation beginning approximately 3.6 billion years ago, the Pilbara is one of the oldest land surfaces on Earth. Despite the scorching summers and meagre rainfall, the region harbours globally important radiations of underground invertebrates. Adding to the unique biodiversity of this ancient landscape, the discovery of the enigmatic ant L. voldemort is a testament to the wizardry of nature and the mysteries of life in the depths of darkness.
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Brightest gamma-ray burst of all time came from the collapse of a massive star | ScienceDaily
In October 2022, an international team of researchers, including Northwestern University astrophysicists, observed the brightest gamma-ray burst (GRB) ever recorded, GRB 221009A.


						
Now, a Northwestern-led team has confirmed that the phenomenon responsible for the historic burst -- dubbed the B.O.A.T. ("brightest of all time") -- is the collapse and subsequent explosion of a massive star. The team discovered the explosion, or supernova, using NASA's James Webb Space Telescope (JWST).

While this discovery solves one mystery, another mystery deepens.

The researchers speculated that evidence of heavy elements, such as platinum and gold, might reside within the newly uncovered supernova. The extensive search, however, did not find the signature that accompanies such elements. The origin of heavy elements in the universe continues to remain as one of astronomy's biggest open questions.

The research will be published on Friday (April 12) in the journal Nature Astronomy.

"When we confirmed that the GRB was generated by the collapse of a massive star, that gave us the opportunity to test a hypothesis for how some of the heaviest elements in the universe are formed," said Northwestern's Peter Blanchard, who led the study. "We did not see signatures of these heavy elements, suggesting that extremely energetic GRBs like the B.O.A.T. do not produce these elements. That doesn't mean that all GRBs do not produce them, but it's a key piece of information as we continue to understand where these heavy elements come from. Future observations with JWST will determine if the B.O.A.T.'s 'normal' cousins produce these elements."

Blanchard is a postdoctoral fellow at Northwestern's Center for Interdisciplinary Exploration and Research in Astrophysics (CIERA), where he studies superluminous supernovae and GRBs. The study includes co-authors from the Center for Astrophysics | Harvard & Smithsonian; University of Utah; Penn State; University of California, Berkeley; Radbound University in the Netherlands; Space Telescope Science Institute; University of Arizona/Steward Observatory; University of California, Santa Barbara; Columbia University; Flatiron Institute; University of Greifswald and the University of Guelph.




Birth of the B.O.A.T.

When its light washed over Earth on Oct. 9, 2022, the B.O.A.T. was so bright that it saturated most of the world's gamma-ray detectors. The powerful explosion occurred approximately 2.4 billion light-years away from Earth, in the direction of the constellation Sagitta and lasted a few hundred seconds in duration. As astronomers scrambled to observe the origin of this incredibly bright phenomenon, they were immediately hit with a sense of awe.

"As long as we have been able to detect GRBs, there is no question that this GRB is the brightest we have ever witnessed by a factor of 10 or more," Wen-fai Fong, an associate professor of physics and astronomy at Northwestern's Weinberg College of Arts and Sciences and member of CIERA, said at the time.

"The event produced some of the highest-energy photons ever recorded by satellites designed to detect gamma rays," Blanchard said. "This was an event that Earth sees only once every 10,000 years. We are fortunate to live in a time when we have the technology to detect these bursts happening across the universe. It's so exciting to observe such a rare astronomical phenomenon as the B.O.A.T. and work to understand the physics behind this exceptional event."

A 'normal' supernova

Rather than observe the event immediately, Blanchard, his close collaborator Ashley Villar of Harvard University and their team wanted to view the GRB during its later phases. About six months after the GRB was initially detected, Blanchard used the JWST to examine its aftermath.




"The GRB was so bright that it obscured any potential supernova signature in the first weeks and months after the burst," Blanchard said. "At these times, the so-called afterglow of the GRB was like the headlights of a car coming straight at you, preventing you from seeing the car itself. So, we had to wait for it to fade significantly to give us a chance of seeing the supernova."

Blanchard used the JWST's Near Infrared Spectrograph to observe the object's light at infrared wavelengths. That's when he saw the characteristic signature of elements like calcium and oxygen typically found within a supernova. Surprisingly, it wasn't exceptionally bright -- like the incredibly bright GRB that it accompanied.

"It's not any brighter than previous supernovae," Blanchard said. "It looks fairly normal in the context of other supernovae associated with less energetic GRBs. You might expect that the same collapsing star producing a very energetic and bright GRB would also produce a very energetic and bright supernova. But it turns out that's not the case. We have this extremely luminous GRB, but a normal supernova."

Missing: Heavy elements

After confirming -- for the first time -- the presence of the supernova, Blanchard and his collaborators then searched for evidence of heavy elements within it. Currently, astrophysicists have an incomplete picture of all the mechanisms in the universe that can produce elements heavier than iron.

The primary mechanism for producing heavy elements, the rapid neutron capture process, requires a high concentration of neutrons. So far, astrophysicists have only confirmed the production of heavy elements via this process in the merger of two neutron stars, a collision detected by the Laser Interferometer Gravitational-Wave Observatory (LIGO) in 2017. But scientists say there must be other ways to produce these elusive materials. There are simply too many heavy elements in the universe and too few neutron-star mergers.

"There is likely another source," Blanchard said. "It takes a very long time for binary neutron stars to merge. Two stars in a binary system first have to explode to leave behind neutron stars. Then, it can take billions and billions of years for the two neutron stars to slowly get closer and closer and finally merge. But observations of very old stars indicate that parts of the universe were enriched with heavy metals before most binary neutron stars would have had time to merge. That's pointing us to an alternative channel."

Astrophysicists have hypothesized that heavy elements also might be produced by the collapse of a rapidly spinning, massive star -- the exact type of star that generated the B.O.A.T. Using the infrared spectrum obtained by the JWST, Blanchard studied the inner layers of the supernova, where the heavy elements should be formed.

"The exploded material of the star is opaque at early times, so you can only see the outer layers," Blanchard said. "But once it expands and cools, it becomes transparent. Then you can see the photons coming from the inner layer of the supernova."

"Moreover, different elements absorb and emit photons at different wavelengths, depending on their atomic structure, giving each element a unique spectral signature," Blanchard explained. "Therefore, looking at an object's spectrum can tell us what elements are present. Upon examining the B.O.A.T.'s spectrum, we did not see any signature of heavy elements, suggesting extreme events like GRB 221009A are not primary sources. This is crucial information as we continue to try to pin down where the heaviest elements are formed."

Why so bright?

To tease apart the light of the supernova from that of the bright afterglow that came before it, the researchers paired the JWST data with observations from the Atacama Large Millimeter/Submillimeter Array (ALMA) in Chile.

"Even several months after the burst was discovered, the afterglow was bright enough to contribute a lot of light in the JWST spectra," said Tanmoy Laskar, an assistant professor of physics and astronomy at the University of Utah and a co-author on the study. "Combining data from the two telescopes helped us measure exactly how bright the afterglow was at the time of our JWST observations and allow us to carefully extract the spectrum of the supernova."

Although astrophysicists have yet to uncover how a "normal" supernova and a record-breaking GRB were produced by the same collapsed star, Laskar said it might be related to the shape and structure of the relativistic jets. When rapidly spinning, massive stars collapse into black holes, they produce jets of material that launch at rates close to the speed of light. If these jets are narrow, they produce a more focused -- and brighter -- beam of light.

"It's like focusing a flashlight's beam into a narrow column, as opposed to a broad beam that washes across a whole wall," Laskar said. "In fact, this was one of the narrowest jets seen for a gamma-ray burst so far, which gives us a hint as to why the afterglow appeared as bright as it did. There may be other factors responsible as well, a question that researchers will be studying for years to come."

Additional clues also may come from future studies of the galaxy in which the B.O.A.T. occurred. "In addition to a spectrum of the B.O.A.T. itself, we also obtained a spectrum of its 'host' galaxy," Blanchard said. "The spectrum shows signs of intense star formation, hinting that the birth environment of the original star may be different than previous events."

Team member Yijia Li, a graduate student at Penn State, modeled the spectrum of the galaxy, finding that the B.O.A.T.'s host galaxy has the lowest metallicity, a measure of the abundance of elements heavier than hydrogen and helium, of all previous GRB host galaxies. "This is another unique aspect of the B.O.A.T. that may help explain its properties," Li said.

The study, "JWST detection of a supernova associated with GRB 221009A without an r-process signature," was supported by NASA (award number JWST-GO-2784) and the National Science Foundation (award numbers AST-2108676 and AST-2002577). This work is based on observations made with the NASA/ESA/CSA James Webb Space Telescope.
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Stellar winds of three sun-like stars detected for the first time | ScienceDaily
An international research team led by a researcher from the University of Vienna has for the first time directly detected stellar winds from three Sun-like stars by recording the X-ray emission from their astrospheres, and placed constraints on the mass loss rate of the stars via their stellar winds. The study is currently published in Nature Astronomy.


						
Astrospheres, stellar analogues of the heliosphere that surrounds our solar system, are very hot plasma bubbles blown by stellar winds into the interstellar medium, a space filled with gas and dust. The study of the stellar winds of low-mass stars similar to the Sun allows us to understand stellar and planetary evolution, and ultimately the history and future of our own star and solar system. Stellar winds drive many processes that evaporate planetary atmospheres into space and therefore lead to atmospheric mass loss.

Although escape rates of planets over an hour or even a year are tiny, they operate over long geological periods. The losses accumulate and can be a decisive factor for a planet evolving into a habitable world or an airless rock. Despite their importance for the evolution of both stars and planets, winds of Sun-like stars are notoriously difficult to constrain. Mainly composed of protons and electrons, they also contain a small quantity of heavier highly charged ions (e.g. oxygen, carbon). It is these ions which, by capturing electrons from the neutrals of the interstellar medium around the star, emit X-rays.

X-ray emission from astropheres detected

An international research team led by Kristina Kislyakova, Senior Scientist at the Department of Astrophysics of the University of Vienna, has detected for the first time the X-ray emission from the astrospheres around three sun-like stars, so called main sequence stars which are stars in the prime of their life, and has thus recorded such winds for the first time directly, allowing them to place constraints on the mass loss rate of the stars via their stellar winds.

These results, based on observations with the XMM-Newton space telescope, are currently published in Nature Astronomy. The researchers observed the spectral fingerprints (so-called spectral lines) of the oxygen ions with XMM-Newton and were able to determine the quantity of oxygen and ultimately the total mass of stellar wind emitted by the stars. For the three stars with detected astrospheres, named 70 Ophiuchi, epsilon Eridani, and 61 Cygni, the researchers estimated their mass loss rates to be 66.5+-11.1, 15.6+-4.4, and 9.6+-4.1 times the solar mass loss rate, respectively. This means that the winds from these stars are much stronger than the solar wind, which might be explained by stronger magnetic activity of these stars.

"In the solar system, solar wind charge exchange emission has been observed from planets, comets, and the heliosphere and provides a natural laboratory to study the solar wind's composition," explains the lead author of the study, Kristina Kislyakova. "Observing this emission from distant stars is much more tricky due to the faintness of the signal. In addition to that, the distance to the stars makes it very difficult to disentangle the signal emitted by the astrosphere from the actual X-ray emission of the star itself, part of which is "spread" over the field-of-view of the telescope due to instrumental effects. We have developed a new algorithm to disentangle the stellar and the astrospheric contributions to the emission and detected charge exchange signals originating from stellar wind oxygen ions and the surrounding neutral interstellar medium of three main-sequence stars. This has been the first time X-ray charge exchange emission from astrospheres of such stars has been detected. Our estimated mass loss rates can be used as a benchmark for stellar wind models and expand our limited observational evidence for the winds of Sun-like stars."

Co-author Manuel Gudel, also of the University of Vienna, adds, "there have been world-wide efforts over three decades to substantiate the presence of winds around Sun-like stars and measure their strengths, but so far only indirect evidence based on their secondary effects on the star or its environment alluded to the existence of such winds; our group previously tried to detect radio emission from the winds but could only place upper limits to the wind strengths while not detecting the winds themselves. Our new X-ray based results pave the way to finding and even imaging these winds directly and studying their interactions with surrounding planets."

"In the future, this method of direct detection of stellar winds in X-rays will be facilitated thanks to future high resolution instruments, like the X-IFU spectrometer of the European Athena mission. The high spectral resolution of X-IFU will resolve the finer structure and emission ratio of the oxygen lines (as well as other fainter lines), that are hard to distinguish with XMM's CCD resolution, and provide additional constraints on the emission mechanism; thermal emission from the stars, or non-thermal charge exchange from the astrospheres." -- explains CNRS researcher Dimitra Koutroumpa, a co-author of the study.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240412113407.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Beautiful nebula, violent history: Clash of stars solves stellar mystery | ScienceDaily
When astronomers looked at a stellar pair at the heart of a stunning cloud of gas and dust, they were in for a surprise. Star pairs are typically very similar, like twins, but in HD 148937, one star appears younger and, unlike the other, is magnetic. New data from the European Southern Observatory (ESO) suggest there were originally three stars in the system, until two of them clashed and merged. This violent event created the surrounding cloud and forever altered the system's fate.


						
"When doing background reading, I was struck by how special this system seemed," says Abigail Frost, an astronomer at ESO in Chile and lead author of the study published today in Science. The system, HD 148937, is located about 3800 light-years away from Earth in the direction of the Norma constellation. It is made up of two stars much more massive than the Sun and surrounded by a beautiful nebula, a cloud of gas and dust. "A nebula surrounding two massive stars is a rarity, and it really made us feel like something cool had to have happened in this system. When looking at the data, the coolness only increased."

"After a detailed analysis, we could determine that the more massive star appears much younger than its companion, which doesn't make any sense since they should have formed at the same time!" Frost says. The age difference -- one star appears to be at least 1.5 million years younger than the other -- suggests something must have rejuvenated the more massive star.

Another piece of the puzzle is the nebula surrounding the stars, known as NGC 6164/6165. It is 7500 years old, hundreds of times younger than both stars. The nebula also shows very high amounts of nitrogen, carbon and oxygen. This is surprising as these elements are normally expected deep inside a star, not outside; it is as if some violent event had set them free.

To unravel the mystery, the team assembled nine years' worth of data from the PIONIER and GRAVITY instruments, both on ESO's Very Large Telescope Interferometer (VLTI), located in Chile's Atacama Desert. They also used archival data from the FEROS instrument at ESO's La Silla Observatory.

"We think this system had at least three stars originally; two of them had to be close together at one point in the orbit whilst another star was much more distant," explains Hugues Sana, a professor at KU Leuven in Belgium and the principal investigator of the observations. "The two inner stars merged in a violent manner, creating a magnetic star and throwing out some material, which created the nebula. The more distant star formed a new orbit with the newly merged, now-magnetic star, creating the binary we see today at the centre of the nebula."

"The merger scenario was already in my head back in 2017 when I studied nebula observations obtained with the European Space Agency's Herschel Space Telescope," adds co-author Laurent Mahy, currently a senior researcher at the Royal Observatory of Belgium. "Finding an age discrepancy between the stars suggests that this scenario is the most plausible one and it was only possible to show it with the new ESO data."

This scenario also explains why one of the stars in the system is magnetic and the other is not -- another peculiar feature of HD 148937 spotted in the VLTI data.

At the same time, it helps solve a long-standing mystery in astronomy: how massive stars get their magnetic fields. While magnetic fields are a common feature of low-mass stars like our Sun, more massive stars cannot sustain magnetic fields in the same way. Yet some massive stars are indeed magnetic.

Astronomers had suspected for some time that massive stars could acquire magnetic fields when two stars merge. But this is the first time researchers find such direct evidence of this happening. In the case of HD 148937, the merger must have happened recently. "Magnetism in massive stars isn't expected to last very long compared to the lifetime of the star, so it seems we have observed this rare event very soon after it happened," Frost adds.
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