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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.


      
        This high-sugar fruit may actually lower diabetes risk
        Mangos, often dismissed as too sugary, may hold hidden benefits for those at risk of diabetes. A George Mason University study found that daily mango eaters showed better blood sugar control and less body fat than those eating a lower-sugar snack. The results suggest that it's not just sugar levels, but how the sugar is packaged in whole foods, that matters.

      

      
        Scientists brew "quantum ink" to power next-gen night vision
        Toxic metals are pushing infrared detector makers into a corner, but NYU Tandon researchers have developed a cleaner solution using colloidal quantum dots. These detectors are made like "inks," allowing scalable, low-cost production while showing impressive infrared sensitivity. Combined with transparent electrodes, the innovation tackles major barriers in imaging systems and could bring infrared technology to cars, medicine, and consumer devices.

      

      
        Caltech's massive 6,100-qubit array brings the quantum future closer
        Caltech scientists have built a record-breaking array of 6,100 neutral-atom qubits, a critical step toward powerful error-corrected quantum computers. The qubits maintained long-lasting superposition and exceptional accuracy, even while being moved within the array. This balance of scale and stability points toward the next milestone: linking qubits through entanglement to unlock true quantum computation.

      

      
        Hidden bacterial molecules in the brain reveal new secrets of sleep
        New studies show that a bacterial molecule, peptidoglycan, is present in the brain and fluctuates with sleep patterns. This challenges the idea that sleep is solely brain-driven, instead suggesting it's a collaborative process between our bodies and microbiomes. The theory links microbes not only to sleep but also to cognition, appetite, and behavior, pointing to a profound evolutionary relationship.

      

      
        Breakthrough wetsuits slash shark attack injuries and save lives
        Shark experts tested four innovative wetsuit materials to measure how well they reduce shark-bite injuries. The results show they can lessen major trauma, blood loss, and even save lives when compared to standard neoprene. While not a perfect shield, these suits represent a leap forward in personal protection.

      

      
        This flower smells like dying ants, and flies can't resist it
        Vincetoxicum nakaianum tricks flies into pollinating it by imitating the smell of ants attacked by spiders. Ko Mochizuki stumbled upon this finding when he noticed flies clustering around the flowers and later confirmed their unusual preference. The study reveals the first known case of ant odor mimicry in plants, expanding our understanding of how diverse floral deception can be.

      

      
        Brain fat, not just plaques, may be the hidden driver of Alzheimer's
        For decades, scientists believed Alzheimer's was driven mainly by sticky protein plaques and tangles in the brain. Now Purdue researchers have revealed a hidden culprit: fat. They found that brain immune cells can become clogged with fat, leaving them too weak to fight off disease. By clearing out this fat and restoring the cells' defenses, researchers may have uncovered an entirely new way to combat Alzheimer's -- shifting the focus from plaques alone to how the brain handles fat.

      

      
        Scientists reveal pill that helps shed 20% of body weight
        A massive international study has shown that the experimental oral obesity drug orforglipron can help patients shed over 10% of their body weight, with nearly one in five losing 20% or more. Unlike most GLP-1 agonists that require injections, orforglipron comes as a once-daily pill, potentially making weight-loss treatment more accessible.

      

      
        This forgotten king united England long before 1066
        AEthelstan, crowned in 925, was the first true king of England but remains overshadowed by Alfred the Great and later rulers. A new biography highlights his military triumphs, legal innovations, and cultural patronage that shaped England's identity. From the decisive Battle of Brunanburh to his reforms in governance and learning, AEthelstan's legacy is finally being revived after centuries of neglect.

      

      
        A rogue black hole is beaming energy from a nearby dwarf galaxy
        Astronomers detected a black hole displaced nearly a kiloparsec from the center of a dwarf galaxy 230 million light-years away. Unlike most, it is actively feeding and producing radio jets, making it one of the most convincing off-nuclear cases ever confirmed. The discovery reveals that black holes can grow and shape galaxies even when not in the core, reshaping theories of cosmic evolution.

      

      
        The phantom heat of empty space might soon be detectable
        A Hiroshima University team has designed a feasible way to detect the Unruh effect, where acceleration turns quantum vacuum fluctuations into observable particles. By using superconducting Josephson junctions, they can achieve extreme accelerations that create a detectable Unruh temperature. This produces measurable voltage jumps, providing a clear signal of the effect. The breakthrough could transform both fundamental physics and quantum technology.

      

      
        AI-powered smart bandage heals wounds 25% faster
        A new wearable device, a-Heal, combines AI, imaging, and bioelectronics to speed up wound recovery. It continuously monitors wounds, diagnoses healing stages, and applies personalized treatments like medicine or electric fields. Preclinical tests showed healing about 25% faster than standard care, highlighting potential for chronic wound therapy.

      

      
        A tiny mineral may hold the secret to feeding billions sustainably
        Rice, a staple for billions, is one of the most resource-hungry crops on the planet--but scientists may have found a way to change that. By applying nanoscale selenium directly to rice plants, researchers dramatically improved nitrogen efficiency, boosted yields, and made grains more nutritious while reducing fertilizer use and cutting greenhouse gas emissions.

      

      
        Scientists crack the explosive secret of how diamonds reach the surface
        Diamonds hitch a ride to the surface through explosive kimberlite eruptions, powered by volatile-rich magmas. New simulations show that carbon dioxide and water are the secret ingredients that make these eruptions possible.

      

      
        Mushrooms evolved psychedelics twice, baffling scientists
        Researchers found that magic mushrooms and fiber caps independently evolved different biochemical pathways to create psilocybin. This convergence shows nature's ingenuity, but the reason why remains unknown--possibly predator deterrence. Beyond evolutionary mystery, the discovery provides new enzyme tools for biotech, with promising applications for producing psilocybin-based medicines.

      

      
        Tylenol in pregnancy linked to higher autism risk, Harvard scientists report
        Researchers reviewing 46 studies found evidence linking prenatal acetaminophen (Tylenol) exposure with higher risks of autism and ADHD. The FDA has since urged caution, echoing scientists' advice that the drug be used only at the lowest effective dose and shortest duration. While important for managing fever and pain in pregnancy, prolonged use may pose risks to fetal development. Experts stress careful medical oversight and further investigation.

      

      
        Diamonds reveal hidden chemistry deep inside Earth
        South African diamonds have revealed nickel-rich metallic inclusions, offering the first direct evidence of reactions predicted to occur deep in Earth's mantle. The study shows how oxidized melts infiltrated reduced rocks, trapping both the cause and effect of diamond formation. These reactions help explain volatile-rich magmas like kimberlites, linking mantle chemistry to volcanic processes. Diamonds emerge as tiny record-keepers of Earth's deep, dynamic engine.

      

      
        Dogs can tell how toys work without any training
        Gifted dogs can categorize toys by function, not just appearance. In playful at-home tests, they linked labels like "fetch" and "pull" to toys--even ones they'd never seen before. The findings hint that dogs form mental concepts of objects, much like humans, pointing to deeper cognitive abilities.

      

      
        Fish love songs recorded for 12 years reveal a surprising shift
        By recording grouper grunts for 12 years, scientists discovered major shifts in how red hind spawn and compete. Courtship calls once dominated, but territorial sounds have surged, suggesting changes in population structure. Machine learning helped decode the patterns quickly, offering a groundbreaking way to monitor and conserve reef fish.

      

      
        Stressed koalas are facing a deadly epidemic
        Researchers have shown that stress and retrovirus levels are tightly linked to disease in koalas. High KoRV loads make koalas more vulnerable to chlamydia, worsening epidemics in stressed populations. Protecting habitats, careful breeding, and antiviral trials are now being pursued to give koalas a fighting chance at survival.

      

      
        10 people who beat 8,000 others to become NASA astronaut candidates
        NASA has chosen 10 new astronaut candidates who will train for missions to the Moon and Mars. Their selection represents a powerful blend of talent and ambition, fueling humanity's next great leaps into space.

      

      
        NASA's Mars rover Curiosity captures stunning details of alien rock formations
        Curiosity is exploring Mars' boxwork terrain, where ridges and hollows may have formed from cementation and erosion. The rover has been documenting rock textures and chemistry, comparing smoother ridge rocks with nodular hollow-edge rocks. Scientists are weighing drill sites while also monitoring dust, clouds, and long-distance features across Gale Crater.

      

      
        The Universe's first magnetic fields were shockingly weak, but changed everything
        Primordial magnetic fields, billions of times weaker than a fridge magnet, may have left lasting imprints on the Universe. Researchers ran over 250,000 simulations to show how these fields shaped the cosmic web, then validated the results with observations. Their study sets a stricter upper limit on the fields' strength, aligning with other data and suggesting important consequences for early star and galaxy formation.

      

      
        AI breakthrough finds life-saving insights in everyday bloodwork
        AI-powered analysis of routine blood tests can reveal hidden patterns that predict recovery and survival after spinal cord injuries. This breakthrough could make life-saving predictions affordable and accessible in hospitals worldwide.

      

      
        Student's pinkie-sized fossil reveals a new croc species
        A 95-million-year-old crocodyliform fossil, affectionately nicknamed Elton, was discovered in Montana by student Harrison Allen. Unlike most crocs, it lived on land and ate a varied diet. The find led to the naming of a new species, Thikarisuchus xenodentes, offering insights into croc evolution and burrow-based fossil preservation. For Allen, it was a life-changing project that launched him into a career in paleontology.

      

      
        How dehydration secretly fuels anxiety and health problems
        Not drinking enough water could intensify stress responses. Researchers found that under-hydrated individuals had cortisol levels more than 50% higher during stressful situations. Poor hydration didn't make participants feel thirstier, but it did trigger biological signs of strain. Keeping a water bottle handy could help manage stress and safeguard health.

      

      
        Can meditation apps really reduce stress, anxiety, and insomnia?
        Meditation apps are revolutionizing mental health, providing easy access to mindfulness practices and new opportunities for scientific research. With the help of wearables and AI, these tools can now deliver personalized training tailored to individual needs.

      

      
        This vibrant moth fooled scientists for generations
        For more than a century, a dazzling pink-and-yellow moth was mistaken for a common European species, but DNA analysis revealed it as entirely new: Carcina ingridmariae. Found across the eastern Mediterranean, this hidden beauty had evaded recognition until advanced barcoding techniques exposed its genetic secrets. Entomologist Dr. Peter Huemer confirmed the discovery and, in a heartfelt gesture, named the moth after his wife on their 42nd anniversary, celebrating both science and love.

      

      
        Insects are disappearing from the last places we thought were safe
        A long-term study in Colorado reveals that insect populations are plummeting even in remote, undisturbed areas. Over two decades, flying insect abundance dropped by more than 70%, closely linked to rising summer temperatures. The results suggest that climate change, not just human land use, is driving massive losses. Scientists warn that biodiversity hotspots, especially mountain ecosystems, are now at serious risk.

      

      
        Dementia-like clumps found in cells before cancer strikes
        Researchers found that pancreatic pre-cancer cells mimic dementia by forming clumps of proteins due to faulty recycling processes. These insights could shed light on why pancreatic cancer develops so aggressively and why it is difficult to treat. By studying overlaps with neurological diseases, scientists hope to identify new strategies for prevention and treatment.

      

      
        Hidden brain signal reveals Alzheimer's years before symptoms
        A new study has revealed that TSPO, a protein linked to brain inflammation, rises long before Alzheimer's symptoms appear. Researchers tracked the protein in genetically engineered mice and confirmed the results in human brain tissue from Colombian families with a known Alzheimer's mutation. They found unusually high levels of TSPO in microglia clustered around plaques, particularly in women. This discovery not only deepens our understanding of the disease but also sparks the possibility of using...

      

      
        This surprising building material is strong, cheap, and sustainable
        A team at RMIT University has created a cement-free construction material using only cardboard, soil, and water. Strong enough for low-rise buildings, it reduces emissions, costs, and waste compared to concrete. The lightweight, on-site process makes it ideal for remote areas, while its thermal properties naturally cool buildings. Researchers see it as a key step toward greener, more resilient architecture.

      

      
        Childhood plastic exposure could be fueling obesity, infertility, and asthma
        A sweeping review from NYU Langone Health reveals that everyday exposure to plastics--especially during childhood--poses lasting risks for heart disease, infertility, asthma, and even brain development issues. These chemicals, found in packaging, cosmetics, and common household items, can disrupt hormones, ignite chronic inflammation, and lower IQ.

      

      
        Sneezing from cats or dust? Safe UV light may neutralize allergens in minutes
        Sneezing from cats, dust mites, or mold may one day be preventable with a flip of a switch. Researchers at CU Boulder found that UV222 light can alter allergen proteins, reducing allergic reactions without dangerous side effects. Within 30 minutes, airborne allergens decreased by up to 25%. The team imagines portable devices that could shield people in homes, schools, and workplaces from harmful triggers.

      

      
        The shocking reason Arctic rivers are turning rusty orange
        Researchers found that ice can trigger stronger chemical reactions than liquid water, dissolving iron minerals in extreme cold. Freeze-thaw cycles amplify the effect, releasing iron into rivers and soils. With climate change accelerating these cycles, Arctic waterways may face major transformations.

      

      
        Scientists finally capture water's hidden state that's both solid and liquid
        Water, though familiar, still hides astonishing secrets. When squeezed into nanosized channels, it can enter a bizarre "premelting state" that is both solid and liquid at once. Using advanced NMR techniques, Japanese researchers directly observed this strange new phase, revealing that confined water molecules move like a liquid while maintaining solid-like order.

      

      
        A hormone that silences the immune system may unlock new cancer treatments
        Scientists have discovered that cancer uses a hidden hormone to switch off the body's natural defenses, allowing tumors to grow unchecked. By uncovering this secret signal, they found a way to block it and restore the immune system's ability to fight back. The breakthrough not only hints at powerful new cancer treatments but also suggests the same pathway could someday be used to calm autoimmune diseases.

      

      
        When cancer cells feel squeezed, they become more dangerous
        New research shows that cancer cells don't just grow; they adapt when stressed. When squeezed inside tissues, they transform into more invasive, drug-resistant versions of themselves. A protein called HMGB2 helps flip this dangerous switch, giving the cells new powers to escape. The findings reveal how the tumor's environment itself can drive cancer's deadly flexibility.

      

      
        Want a younger brain? Harvard researchers say eat like this
        Researchers have shown that a green-Mediterranean diet can help slow brain aging. By analyzing data from the DIRECT PLUS trial, scientists found reduced levels of proteins tied to faster brain decline among those consuming green tea and Mankai. The results point to anti-inflammatory compounds as key protectors of brain health. This diet may be a powerful tool for preserving cognitive function.

      

      
        Why alcohol blocks the liver from healing, even after you quit
        Alcohol doesn't just damage the liver -- it locks its cells in a strange "in-between" state that prevents them from healing. Even after someone quits drinking, liver cells often get stuck, unable to function normally or regenerate. Scientists have now traced this problem to runaway inflammation, which scrambles the cell's instructions and silences a key helper protein. By blocking these inflammatory signals in lab tests, they were able to restore the liver's healing ability -- a finding that could ...

      

      
        Hidden for 125 years, a Welsh fossil turns out to be a dinosaur
        More than a century after its discovery, a mysterious fossil from South Wales has finally been confirmed as belonging to a new species of predatory dinosaur. Using cutting-edge digital scanning, researchers reconstructed the long-lost jawbone, revealing unique features that warranted a new name: Newtonsaurus.

      

      
        Tiny new lenses, smaller than a hair, could transform phone and drone cameras
        Scientists have developed a new multi-layered metalens design that could revolutionize portable optics in devices like phones, drones, and satellites. By stacking metamaterial layers instead of relying on a single one, the team overcame fundamental limits in focusing multiple wavelengths of light. Their algorithm-driven approach produced intricate nanostructures shaped like clovers, propellers, and squares, enabling improved performance, scalability, and polarization independence.

      

      
        New crystal camera lets doctors see inside the body like never before
        Scientists have created a perovskite-based gamma-ray detector that surpasses traditional nuclear medicine imaging technology. The device delivers sharper, faster, and safer scans at a fraction of the cost. By combining crystal engineering with pixelated sensor design, it achieves record imaging resolution. Now being commercialized, it promises to expand access to high-quality diagnostics worldwide.

      

      
        Ordinary ice found to have shocking electrical powers
        Scientists have discovered that ordinary ice is a flexoelectric material, capable of generating electricity when bent or unevenly deformed. At very low temperatures, it can even become ferroelectric, developing reversible electric polarization. This could help explain lightning formation in storms and inspire new technologies that use ice as an active material.

      

      
        Could these strange rocks be the first true evidence of life on Mars?
        In Jezero Crater's Bright Angel formation, Perseverance has found rocks rich in organic molecules and minerals linked to microbial metabolism. Their arrangement hints at redox reactions that resemble Earth's life-driven chemistry. While not proof of Martian life, the findings qualify as "potential biosignatures" and make the stored sample a top candidate for return to Earth.

      

      
        Breakthrough method could dramatically cut prescription drug prices
        University of Maine researchers developed a new process to make HBL, a key ingredient in many medicines, from renewable glucose instead of petroleum. The approach not only lowers drug production costs but also reduces emissions.

      

      
        Hubble reveals baby stars in a galaxy torn by gravity
        Hubble's latest look at Messier 96 reveals a warped spiral galaxy glowing with rings of stellar birth. The new details shed light on how stars emerge and influence their surroundings.

      

      
        Scientists reveal the everyday habits that may shield you from dementia
        New studies reveal that lifestyle changes--such as exercise, healthy eating, and social engagement--can help slow or prevent cognitive decline. Experts say this low-cost, powerful approach could transform dementia care and reduce its crushing toll on families and health systems.

      

      
        Your pancreas may be making its own version of Ozempic
        Duke University scientists have discovered that pancreatic alpha cells, long believed to only produce glucagon, actually generate powerful amounts of GLP-1 -- the same hormone mimicked by popular diabetes drugs like semaglutide (Ozempic and Wegovy). Even more surprisingly, when glucagon production is blocked, alpha cells "switch gears" and boost GLP-1 output, enhancing insulin release and blood sugar control.

      

      
        The surprising way metabolism controls embryo growth
        Metabolism does more than fuel embryos--it sets their developmental rhythm. EMBL researchers found that a sugar molecule, FBP, controls the pace of spine formation, suggesting metabolism may act as a biological pacemaker.
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This high-sugar fruit may actually lower diabetes risk | ScienceDaily
If presented with two snacks, one containing seven grams of sugar and another with over 30 grams of sugar, choosing the healthier option should be a no-brainer, correct? Well, maybe not. Less sugar is not automatically healthier.


						
For the nearly 100 million adults in the United States who are currently living with prediabetes, a tropical fruit that can reduce the risk of diabetes sounds too good to be true. Tropical fruits contain anywhere between ten to 50 grams of sugar, with mangos on the high end of the spectrum, making them seem a poor snack choice based on that alone. But research by clinical nutrition researcher Raedeh Basiri indicates that mangos, despite having more sugar than many low-sugar snacks, may offer protective factors for adults with prediabetes.

"It is not just the sugar content that matters, but the overall food context that matters," said Basiri, assistant professor in George Mason's Department of Nutrition and Food Studies. This study is the first long-term clinical trial to demonstrate both metabolic and body composition benefits of mangoes in prediabetes.

Simply put, it's more than the sugar in the food; it's about the whole food. The sugars naturally found in mangos, and other fruits, are complemented by fiber and other vitamins and nutrients that offer additional health benefits. Food with added sugar, such as breakfast cereals, and even low-sugar snack options, may not have the same nutritional value and can even increase diabetes risk.

"The goal is to encourage people to include whole fruits, like mango, as part of healthy eating behaviors and practical dietary strategies for diabetes prevention," said Basiri. "Individuals at high risk of diabetes should not only focus on the sugar content of foods, but on how sugars are delivered."

Basiri and her team split study participants into two groups; one group received a fresh mango daily, while the other group was given a low-sugar granola bar each day. Over six months, researchers measured participants' blood glucose levels, bodily responses to insulin, and body fat.

At the conclusion of the study, findings revealed that the high-sugar mango (32 grams of sugar) proved more beneficial than a low-sugar granola bar (11 grams of sugar). The group that consumed the daily mango showed improved blood glucose control, enhanced insulin sensitivity, and reduced body fat.




"Daily Mango Intake Improves Glycemic and Body Composition Outcomes in Adults with Prediabetes: A Randomized Controlled Study" was published in Foods in August 2025.

This study was funded by the National Mango Board. The authors declare no other potential conflicts of interest. The funders had no role in the design of the study, in the collection, analysis, interpretation of data, or the decision to publish results.

About the researcher

Raedeh Basiri is a registered dietitian and an assistant professor in the Department of Nutrition and Food Studies at George Mason's College of Public Health. Basiri is a clinical nutrition researcher specializing in personalized nutrition therapy and the use of emerging technologies, such as continuous glucose monitoring, to improve outcomes in individuals with prediabetes, diabetes, and metabolic syndrome. Her work combines randomized controlled trials and large-scale data analysis to investigate how whole foods and dietary patterns impact insulin resistance, glycemic control, sleep, and both mental and gut health. Basiri takes a rigorous, interdisciplinary approach and is deeply committed to chronic disease prevention, collaborative research, and mentoring future professionals.
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Scientists brew "quantum ink" to power next-gen night vision | ScienceDaily
Manufacturers of infrared cameras face a growing problem: the toxic heavy metals in today's infrared detectors are increasingly banned under environmental regulations, forcing companies to choose between performance and compliance.


						
This regulatory pressure is slowing the broader adoption of infrared detectors across civilian applications, just as demand in fields like autonomous vehicles, medical imaging and national security is accelerating.

In a paper published in ACS Applied Materials & Interfaces, researchers at NYU Tandon School of Engineering reveal a potential solution that uses environmentally friendly quantum dots to detect infrared light without relying on mercury, lead, or other restricted materials.

The researchers use colloidal quantum dots which upends the age-old, expensive, and tedious processing of infrared detectors. Traditional devices are fabricated through slow, ultra-precise methods that place atoms almost one by one across the pixels of a detector -- much like assembling a puzzle piece by piece under a microscope.

Colloidal quantum dots are instead synthesized entirely in solution, more like brewing ink, and can be deposited using scalable coating techniques similar to those used in roll-to-roll manufacturing for packaging or newspapers. This shift from painstaking assembly to solution-based processing dramatically reduces manufacturing costs and opens the door to widespread commercial applications.

"The industry is facing a perfect storm where environmental regulations are tightening just as demand for infrared imaging is exploding," said Ayaskanta Sahu, associate professor in the Department of Chemical and Biomolecular Engineering (CBE) at NYU Tandon and the study's senior author. "This creates real bottlenecks for companies trying to scale up production of thermal imaging systems."

Another challenge the researchers addressed was making the quantum dot ink conductive enough to relay signals from incoming light. They achieved this using a technique called solution-phase ligand exchange, which tailors the quantum dot surface chemistry to enhance performance in electronic devices. Unlike traditional fabrication methods that often leave cracked or uneven films, this solution-based process yields smooth, uniform coatings in a single step -- ideal for scalable manufacturing.




The resulting devices show remarkable performance: they respond to infrared light on the microsecond timescale -- for comparison, the human eye blinks at speeds hundreds of times slower -- and they can detect signals as faint as a nanowatt of light.

"What excites me is that we can take a material long considered too difficult for real devices and engineer it to be more competitive," said graduate researcher Shlok J. Paul, lead author on the study. "With more time this material has the potential to shine deeper in the infrared spectrum where few materials exist for such tasks."

This work adds to earlier research from the same lead researchers that developed new transparent electrodes using silver nanowires. Those electrodes remain highly transparent to infrared light while efficiently collecting electrical signals, addressing one component of the infrared camera system.

Combined with their earlier transparent electrode work, these developments address both major components of infrared imaging systems. The quantum dots provide environmentally compliant sensing capability, while the transparent electrodes handle signal collection and processing.

This combination addresses challenges in large-area infrared imaging arrays, which require high-performance detection across wide areas and signal readout from millions of individual detector pixels. The transparent electrodes allow light to reach the quantum dot detectors while providing electrical pathways for signal extraction.

"Every infrared camera in a Tesla or smartphone needs detectors that meet environmental standards while remaining cost-effective," Sahu said. "Our approach could help make these technologies much more accessible."

The performance still falls short of the best heavy-metal-based detectors in some measurements. However, the researchers expect continued advances in quantum dot synthesis and device engineering could reduce this gap.

In addition to Sahu and Paul, the paper's authors are Letian Li, Zheng Li, Thomas Kywe, and Ana Vataj, all from NYU Tandon CBE. The work was supported by the Office of Naval Research and the Defense Advanced Research Projects Agency.
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Caltech's massive 6,100-qubit array brings the quantum future closer | ScienceDaily
Quantum computers will need large numbers of qubits to tackle challenging problems in physics, chemistry, and beyond. Unlike classical bits, qubits can exist in two states at once -- a phenomenon called superposition. This quirk of quantum physics gives quantum computers the potential to perform certain complex calculations better than their classical counterparts, but it also means the qubits are fragile. To compensate, researchers are building quantum computers with extra, redundant qubits to correct any errors. That is why robust quantum computers will require hundreds of thousands of qubits.


						
Now, in a step toward this vision, Caltech physicists have created the largest qubit array ever assembled: 6,100 neutral-atom qubits trapped in a grid by lasers. Previous arrays of this kind contained only hundreds of qubits.

This milestone comes amid a rapidly growing race to scale up quantum computers. There are several approaches in development, including those based on superconducting circuits, trapped ions, and neutral atoms, as used in the new study.

"This is an exciting moment for neutral-atom quantum computing," says Manuel Endres, professor of physics at Caltech. "We can now see a pathway to large error-corrected quantum computers. The building blocks are in place." Endres is the principal investigator of the research published on September 24 in Nature. Three Caltech graduate students led the study: Hannah Manetsch, Gyohei Nomura, and Elie Bataille.

The team used optical tweezers -- highly focused laser beams -- to trap thousands of individual cesium atoms in a grid. To build the array of atoms, the researchers split a laser beam into 12,000 tweezers, which together held 6,100 atoms in a vacuum chamber. "On the screen, we can actually see each qubit as a pinpoint of light," Manetsch says. "It's a striking image of quantum hardware at a large scale."

A key achievement was showing that this larger scale did not come at the expense of quality. Even with more than 6,000 qubits in a single array, the team kept them in superposition for about 13 seconds -- nearly 10 times longer than what was possible in previous similar arrays -- while manipulating individual qubits with 99.98 percent accuracy. "Large scale, with more atoms, is often thought to come at the expense of accuracy, but our results show that we can do both," Nomura says. "Qubits aren't useful without quality. Now we have quantity and quality."

The team also demonstrated that they could move the atoms hundreds of micrometers across the array while maintaining superposition. The ability to shuttle qubits is a key feature of neutral-atom quantum computers that enables more efficient error correction compared with traditional, hard-wired platforms like superconducting qubits.




Manetsch compares the task of moving the individual atoms while keeping them in a state of superposition to balancing a glass of water while running. "Trying to hold an atom while moving is like trying to not let the glass of water tip over. Trying to also keep the atom in a state of superposition is like being careful to not run so fast that water splashes over," she says.

The next big milestone for the field is implementing quantum error correction at the scale of thousands of physical qubits, and this work shows that neutral atoms are a strong candidate to get there. "Quantum computers will have to encode information in a way that's tolerant to errors, so we can actually do calculations of value," Bataille says. "Unlike in classical computers, qubits can't simply be copied due to the so-called no-cloning theorem, so error correction has to rely on more subtle strategies."

Looking ahead, the researchers plan to link the qubits in their array together in a state of entanglement, where particles become correlated and behave as one. Entanglement is a necessary step for quantum computers to move beyond simply storing information in superposition; entanglement will allow them to begin carrying out full quantum computations. It is also what gives quantum computers their ultimate power -- the ability to simulate nature itself, where entanglement shapes the behavior of matter at every scale. The goal is clear: to harness entanglement to unlock new scientific discoveries, from revealing new phases of matter to guiding the design of novel materials and modeling the quantum fields that govern space-time.

"It's exciting that we are creating machines to help us learn about the universe in ways that only quantum mechanics can teach us," Manetsch says.

The new study, "A tweezer array with 6100 highly coherent atomic qubits," was funded by the Gordon and Betty Moore Foundation, the Weston Havens Foundation, the National Science Foundation via its Graduate Research Fellowship Program and the Institute for Quantum Information and Matter (IQIM) at Caltech, the Army Research Office, the U.S. Department of Energy including its Quantum Systems Accelerator, the Defense Advanced Research Projects Agency, the Air Force Office for Scientific Research, the Heising-Simons Foundation, and the AWS Quantum Postdoctoral Fellowship. Other authors include Caltech's Kon H. Leung, the AWS Quantum senior postdoctoral scholar research associate in physics, as well as former Caltech postdoctoral scholar Xudong Lv, now at the Chinese Academy of Sciences.
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Hidden bacterial molecules in the brain reveal new secrets of sleep | ScienceDaily
What causes us to sleep? The answer may lie not only in our brains, but in their complex interplay with the micro-organisms spawned in our intestines.


						
New research from Washington State University suggests a new paradigm in understanding sleep, demonstrating that a substance in the mesh-like walls of bacteria, known as peptidoglycan, is naturally present in the brains of mice and closely aligned with the sleep cycle.

Those findings serve to update a broader hypothesis that has been in development at WSU for years -- proposing that sleep arises from communication between the body's sleep regulatory systems and the multitude of microbes living inside us.

"This added a new dimension to what we already know," said Erika English, a PhD candidate at WSU and lead author on two recently published scientific papers introducing the findings.

This view of sleep as arising from that "holobiont condition" joins a growing body of evidence suggesting that our gut microbiomes play an important role in cognition, appetite, sex drive and other activity -- a view that turns traditional brain-centric models of cognition upside-down and has implications for our understanding of evolution and free will, as well as the development of future treatments for sleep disorders.

The recent findings regarding peptidoglycan, or PG, lend weight to that hypothesis and point to a possible regulatory role for bacterial cell wall products in sleep. PG is known to promote sleep when injected in animals, but until recently, the conventional view held that it did not naturally migrate to the brain.

English found that PG, along with its receptor molecules involved in PG signaling and communication, was present in different locations within the brain, at levels that changed with the time of day and sleep deprivation.




The findings were reported in July in Frontiers in Neuroscience; longtime WSU sleep researcher and Regents Professor James Krueger co-authored the paper. English is also lead author of a recent paper with Krueger in the journal Sleep Medicine Reviews that proposes the "holobiont condition" hypothesis of sleep.

That paper combines two prevailing views. One posits that sleep is regulated by the brain and neurological systems. Another focuses on "local sleep," which frames slumber as the result of an accumulation of sleep-like states among small cellular networks throughout the body. Such sleep-like states have been observed among cells in vitro, known as the "sleep in a dish" model.

As these smaller pockets of sleep accumulate, like lights going off in a house, the body tips from wakefulness toward sleep.

The new hypothesis merges those theories, proposing that sleep results from the interplay between the body and its resident micro-organisms -- two autonomous systems that interact and overlap.

"It's not one or the other, it's both. They have to work together," English said. "Sleep really is a process. It happens at many different speeds for different levels of cellular and tissue organization and it comes about because of extensive coordination."

Links between the microbiome and behavior are emerging on several fronts, indicating that micro-organisms formed in the gut play an important role in cognition and fundamental human behaviors. This work upends the traditional view of human neurology, suggesting that it is not completely top-down -- i.e., the result of decision-making in the brain -- but bottom-up -- i.e., driven by the tiny organisms whose evolution shaped animals to serve as their hosts and whose needs influence the activities and cognition of their hosts.




"We have a whole community of microbes living within us. Those microbes have a much longer evolutionary history than any mammal, bird or insect - much longer, billions of years longer," said Krueger, who was named a "Living Legend in Sleep Research" by the Sleep Research Society in 2023. "We think sleep evolution began eons ago with the activity/inactivity cycle of bacteria, and the molecules that were driving that are related to the ones driving cognition today."

English's work expands upon known links between bacteria and sleep, including the fact that sleep patterns affect the function of the gut microbiome and that bacterial infections cause people to sleep more.

The new findings begin to delve into questions that English looks forward to exploring further.

"Now that the world has come to appreciate how important microbes are, not just for disease but also for health, it's a very exciting time to start to expand on our understanding of how we are communicating with our microbes and how our microbes are communicating with us," she said.
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Breakthrough wetsuits slash shark attack injuries and save lives | ScienceDaily
Australian shark experts have tested four bite-resistant materials to assess their ability to reduce injuries and blood loss.


						
While internal and crushing injuries may still occur, bite-resistant wetsuits can now be added to the 'toolkit' of measures available to reduce shark-bite risk and resulting injuries, say researchers from Flinders University's Southern Shark Ecology Group.

Shark bites on humans are uncommon but can severely impact local coastal communities and businesses, especially where water-based tourism and recreation are common, often prompting pressure for better bather protection strategies.

Governments are often focused on area-based protection, but as recent studies have shown there is also increasing focus on personal deterrents and/or other personal mitigative measures, such as bite-resistant wetsuits

Funded by the NSW Department of Primary Industries and Regional Development Shark Management Program, the study tested the efficacy of four bite-resistant wetsuit materials (Aqua Armour, Shark Stop, ActionTX-S and Brewster material) to reduce damage incurred from white and tiger shark bites.

Traditional chainmail suits were protective but too inflexible and heavy for activities like surfing or diving. New wetsuits that incorporate strong and light fibre often used in sailing rope, ultra-high molecular weight polyethylene, offer both flexibility and protection, making them more suitable for recreational use.

Dr Tom Clarke, Professor Charlie Huveneers, and experts from New South Wales Department of Primary Industries and Regional Development assessed each material's potential in reducing injuries from white and tiger sharks by quantifying the amount of bite damage across four categories of increasing severity (ranging from 'superficial' to 'critical') and comparing it to damage on standard neoprene.




"While there were small differences between the four tested materials, they all reduced the amount of substantial and critical damage, which would typically be associated with severe hemorrhaging and tissue or limb loss," says Dr Clarke, from the College of Science and Engineering at Flinders University.

White and tiger sharks are responsible for the most unprovoked bites and are two of the top three species with the highest rate of fatal bites. Interactions between humans and sharks continue to rise in frequency globally, with expanding coastal populations and rising popularity of marine activities.

"Our study showed that bite-resistant materials incorporated into wetsuits can reduce damage from large white and tiger sharks (>3 m) compared to standard neoprene wetsuit, even from moderate and severe bites."

"While these suits don't eliminate all the risk (e.g., internal injuries may still occur), our results indicate that they can reduce blood loss and trauma from major lacerations and punctures, potentially saving lives," says Prof Huveneers, from the College of Science and Engineering at Flinders University.

"Our findings will allow for informed decisions to be made about the use of bite-resistant wetsuit materials for occupational activities, as well as enabling the public to make appropriate decisions about the suitability of using these products."

Key points: 
    	Wetsuits that incorporate bite-resistant materials have emerged as a new mitigation strategy that aims to reduce fatalities from shark bites, by reducing the severity of injuries inflicted from bites (e.g. lacerations, punctures, tissue and blood loss).
    	As shark-bite mitigation continues to shift from traditional lethal methods towards non-lethal alternatives, personal protective measures such as electric deterrents and protective wetsuits continue to gain interest as tools to reduce the number of interactions and injuries, and increase the likelihood of survival.

Acknowledgement: This study was funded by the NSW Department of Primary Industries and Regional Development Shark Management Program, and Australian Research Council Linkage (project LP190100992). No funding was obtained from any of the material inventors or manufacturers.
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This flower smells like dying ants, and flies can't resist it | ScienceDaily

The smell of warm, freshly baked bread has surely attracted many a customer to enter the shop as they pass by. Grass flies are no different: they are also attracted to the smell of their daily bread, injured ants. As they move from flower to flower in search of already injured prey, they also do flowers a great service: they pollinate them. Because ants are one of the most widespread species, and ant mimicry has independently evolved in many invertebrate species, it stands to reason that plants could have also evolved to mimic ants in one way or another. However, such cases had never been reported.

"I was working on another research project," says Ko Mochizuki, "and originally collected this species only as a 'reference' for comparison. By chance, I noticed chloropid flies gathering around its flowers in the nursery in the Koishikawa Botanical Gardens, and immediately realized that the flowers might be imitating dead insects."

This recognition was thanks to a string of thus far unrelated experiences. His participation in an intensive training course in 2019 helped him recognize the fly species swarming the flower. He also happened to be familiar with some previous studies that described plants pollinated by chloropid flies emitting odors resembling those of insects.

Following his hunch, Mochizuki set out to methodically observe the visitors on these flowers and compare the odors released by the flowers to odors released by various kinds of insects. He found that the smell of ants being attacked by spiders was the closest match. However, his hypothesis of ant mimicry was standing on frail legs: there had not been any official publications of chloropid flies, or any other similar fly species, targeting ants hunted and injured by other animals, such as spiders. So, Mochizuki turned to social media for more unconventional evidence. There, he found many amateur naturalists documenting what he had suspected: ants attacked by spiders, which then attracted kleptoparasitic (organisms that steal food from another) flies. This gave him confidence to test the hypothesis behaviorally and confirm whether chloropid flies were indeed more attracted to the smell of ants attacked by spiders than to other smells.

"That moment, when I saw the flies on the flowers, was truly one of inspiration," Mochizuki remembers, "a hypothesis suddenly taking shape. This experience taught me that unexpected discoveries often emerge from a combination of preparation and chance."

Talking of preparation... Mochizuki is already preparing for the next project.

"I would like to investigate the evolutionary background of ant mimicry by comparing the pollination systems, evolutionary history, and genetic makeup of Vincetoxicum nakaianum and its close relatives. In addition, since this study suggests that many forms of floral mimicry may remain hidden, I plan to explore other species, both within Vincetoxicum and in unrelated plant groups, to uncover further examples of potential mimicry."
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Brain fat, not just plaques, may be the hidden driver of Alzheimer's | ScienceDaily
It was long thought that fat in the brain played no role in neurodegenerative diseases, but Purdue University researchers are challenging that assumption.


						
The research findings, published in Immunity, show that excess fat in the brain's resident immune cells, called microglia, impairs their ability to combat disease. This insight opens a path to lipid biology-based neuroimmune therapies that could treat diseases like Alzheimer's by enhancing microglial function and neuronal health. This work was led by Gaurav Chopra, the James Tarpo Jr. and Margaret Tarpo Professor of Chemistry and (by courtesy) of Computer Science at Purdue.

While most Alzheimer's drug development targets the primary pathologies of the disease -- plaques of a misfolded protein called amyloid beta and tangles of the protein tau -- Chopra is focused on the abnormally fat-rich cells surrounding diseased regions of the brain. In earlier work published in Nature, Chopra and collaborators showed that, in the presence of disease, astrocytes -- another type of cells that support neurons -- release a fatty acid that is toxic to brain cells. Another collaborative work with the University of Pennsylvania, published last year in Nature, also linked mitochondrial dysfunction in neurons with fat deposits in glial cells during aging -- a major risk factor for neurodegeneration.

"In our view, directly targeting plaques or tangles will not solve the problem; we need to restore function of immune cells in the brain," Chopra said. "We're finding that reducing accumulation of fat in the diseased brain is the key, as accumulated fat makes it harder for the immune system to do its job and maintain balance. By targeting these pathways, we can restore the ability of immune cells like microglia to fight disease and keep the brain in balance, which is what they're meant to do."

Chopra's team worked in collaboration with researchers at Cleveland Clinic led by Dimitrios Davalos, assistant professor of molecular medicine. Chopra is also the director of Merck-Purdue Center and a member of the Purdue Institute for Integrative Neuroscience; the Purdue Institute for Drug Discovery; the Purdue Institute of Inflammation, Immunology and Infectious Disease; and the Regenstrief Center for Healthcare Engineering.

Chopra's work is part of Purdue's presidential One Health initiative, which brings together research on human, animal and plant health. His research supports the initiative's focus on advanced chemistry, where Purdue faculty study complex chemical systems and develop new techniques and applications.

More than 100 years ago, Alois Alzheimer identified abnormalities in the brain of a woman with the disease that now bears his name, including plaques, tangles and cells filled with droplets of fatty compounds called lipids. Until recently, these lipid droplets were dismissed as by-products of disease.




But the links that Chopra and his team have found between neurodegenerative disease and fats in microglia and astrocytes -- both types of glial cells that support neurons in the brain -- strongly suggest otherwise. Chopra says this research lays the foundation for a "new lipid model of neurodegeneration." He likes to call these fat accumulations "lipid plaques," as they don't resemble spherical droplets.

"It is not the lipid droplets that are pathogenic, but the accumulation of these droplets is bad. We think the composition of lipid molecules that accumulate within brain cells is one of the major drivers of neuroinflammation, leading to different pathologies, such as aging, Alzheimer's disease and other conditions related to inflammatory insults in the brain. The specific composition of these lipid plaques may define particular brain diseases," Chopra said.

The Immunity paper focuses on microglia, the "bona fide immune cells of the brain," which clear out debris, such as misfolded proteins like amyloid beta and tau, by absorbing and breaking them down through a process called phagocytosis. Chopra's team examined microglia in the presence of amyloid beta and asked a simple question: What happens to microglia when they come into contact with amyloid beta?

Images of brain tissue from people with Alzheimer's disease showed amyloid beta plaques surrounded by microglia. Microglia located within 10 micrometers of these plaques contained twice as many lipid droplets as those farther away. These lipid droplet-laden microglia closest to the plaques cleared 40% less amyloid beta than ordinary microglia from brains without disease.

In their investigation into why microglia were impaired in Alzheimer's brains, the team used specialized techniques and found that microglia in contact with plaques and disease-related inflammation produced an excess of free fatty acids. While microglia normally use free fatty acids as an energy source -- and some production of these fatty acids is even beneficial -- Chopra and his team discovered the microglia closest to amyloid beta plaques convert these free fatty acids to triacylglycerol, a stored form of fat, in such large quantities that they become overloaded and immobilized by their own accumulation. The formation of these lipid droplets depends on age and disease progression, becoming more prominent as Alzheimer's disease advances.

By tracing the complex series of steps microglia use to convert free fatty acids to triacylglycerol, the research team zeroed in on the final step of this pathway. They found abnormally high levels of an enzyme called DGAT2 catalyzes the final step of converting free fatty acids to triacylglycerol. They expected to see equally high levels of the DGAT2 gene -- since the gene must be copied to produce the protein -- but that was not the case. The enzyme accumulates because it is not degrading as quickly as it normally would, rather than being overproduced. This accumulation of DGAT2 causes microglia to divert fatty acids into long-term storage and fat accumulation instead of using them for energy or repair.




"We showed that amyloid beta is directly responsible for the fat that forms inside microglia," Chopra said. "Because of these fatty deposits, microglial cells become dysfunctional -- they stop clearing amyloid beta and stop doing their job."

Chopra said the researchers don't yet know what causes the DGAT2 enzyme to persist. However, in their search for a remedy, the team tested two molecules: one that inhibits DGAT2's function and another that promotes its degradation. The degradation of the DGAT2 enzyme was ultimately beneficial to reduce fat in the brains, improve function of microglia and their ability to eat amyloid-beta plaques, and improve markers of neuronal health in Alzheimer's disease animal models.

"What we've seen is that when we target the fat-making enzyme and either remove or degrade it, we restore the microglia's ability to fight disease and maintain balance in the brain -- which is what they're meant to do," Chopra said.

"This is an exciting finding that reveals how a toxic protein plaque directly influences how lipids are formed and metabolized by microglial cells in Alzheimer's brains," said Priya Prakash, a first co-author of the study. "While most recent work in this area has focused on the genetic basis of the disease, our research paves the way for understanding how lipids and their pathways within the brain's immune cells can be targeted to restore their function and combat the disease."

"It's incredibly exciting to connect fat metabolism to immune dysfunction in Alzheimer's," said Palak Manchanda, the other first co-author. "By pinpointing this lipid burden and the DGAT2 switch that drives it, we reveal a completely new therapeutic angle: Restore microglial metabolism and you may restore the brain's own defense against disease."

At Purdue, Chopra was joined in the research by Prakash, Manchanda, Kanchan Bisht, Kaushik Sharma, Prageeth R. Wijewardhane, Caitlin Randolph, Matthew Clark, Jonathan Fine, Elizabeth Thayer and Chi Zhang. Their research was produced with support from the U.S. Department of Defense and the National Institutes of Health.
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Scientists reveal pill that helps shed 20% of body weight | ScienceDaily
New research presented at the Annual Meeting of the European Association for the Study of Diabetes in Vienna, Austria (Sept 15-19) and simultaneously published in NEJM shows that daily treatment with the new once-daily GLP-1 agonist orforglipron results in substantial weight loss in people living with obesity that do not have type 2 diabetes. The study is by Dr Sean Wharton, McMaster University, Hamilton, ON, Canada and Wharton Weight Management Clinic, Burlington, ON, Canada, and colleagues. The study is sponsored by Eli Lilly, the manufacturer of orforglipron. 


						
Orforglipron is a small-molecule, oral glucagon-like peptide-1 (GLP-1) receptor agonist. In this phase 3, multinational, randomised, double-blind trial, the authors examined the safety and efficacy of once-daily orforglipron at doses of 6 mg, 12 mg, or 36 mg, as compared with placebo (assigned in a 3:3:3:4 ratio) as an adjunct to healthy diet and physical activity for 72 weeks. All the patients had obesity but not diabetes. The primary end point was the percent change in body weight from baseline to week 72.

A total of 3127 patients in 9 countries / jurisdictions (USA, China, Brazil, India, Japan, South Korea, Spain, Slovakia and Taiwan) underwent randomisation. The mean relative change in body weight from baseline to week 72 was [?]7.5% with 6 mg of orforglipron, [?]8.4% with 12 mg of orforglipron, and [?]11.2% with 36 mg of orforglipron, as compared with [?]2.1% with placebo.

Among the patients in the orforglipron 36 mg group, 54.6% had reduction of 10% or more of body weight, 36.0% had a reduction of 15% or more, and 18.4% had a reduction of 20% or more, as compared with 12.9%, 5.9%, and 2.8% of the patients, respectively, in the placebo group.

Other outcomes such as waist circumference, systolic blood pressure, triglyceride levels, and non-HDL cholesterol levels significantly improved with orforglipron treatment (see table 3 full paper). Adverse events (see table 4) resulted in treatment discontinuation in 5.3% to 10.3% of the patients in the orforglipron groups and in 2.7% of those in the placebo group. The most common adverse events with orforglipron were gastrointestinal effects, which were mostly mild to moderate, consistent with the GLP-1 class of medications.

The authors note that the use of medications such as GLP-1 receptor agonists (such as semaglutide) are reported to result in mean weight reductions of approximately 15% to above 20% and have shown additional health benefits, including decreased cardiovascular risk. However, most available GLP-1 based medications are administered as a subcutaneous injection, which may limit treatment initiation and adherence.

The authors say: "After 72 weeks of treatment, all the patients in the three orforglipron groups had a significant and clinically meaningful dose-dependent reduction in body weight. The patients who received the highest dose of orforglipron had an average 11.2% weight reduction; more than one third had a reduction of at least 15%, and nearly one fifth had a reduction of at least 20%. All measured cardiometabolic levels improved with orforglipron treatment as compared with placebo... A weight reduction of 10% or more is a recognised therapeutic threshold, one that has been linked to meaningful cardiometabolic benefits. In our current trial, patients who received orforglipron had a mean weight reduction of as much as 11.2%, and such reductions were associated with improvements in levels of systolic and diastolic blood pressure, as well as blood fats, blood sugar profiles, and high-sensitivity C-reactive protein - a marker of systemic inflammation."

The authors note the trial's limitations include the lack of comparison with currently approved obesity-management medications, the use of cutoffs for BMI inclusion criteria that have been developed in White populations and that exclude patients with lower BMI values who may also have adiposity-related risks, and the increasing availability of obesity-management medications, which could have an effect on treatment adherence and efficacy results. The strengths of the trial include a highly diverse, large population from nine countries and jurisdictions on four continents - including more than 35% enrolment of men.




They conclude: "In patients with obesity, the use of orforglipron resulted in statistically and clinically significant weight reductions and an adverse-event profile that was consistent with findings regarding other GLP-1 receptor agonists."

Dr Wharton adds: "This could mean an expansion of obesity interventions to groups who are currently excluded due to the cost of and lack of access to injectable medications."

Orforglipron is not yet approved by the US Food and Drug Administration (FDA) or other similar agencies worldwide. 
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This forgotten king united England long before 1066 | ScienceDaily
A groundbreaking new biography of AEthelstan marks 1,100 years since his coronation in 925 AD, reasserts his right to be called the first king of England, explains why he isn't better known and highlights his many overlooked achievements. The book's author, Professor David Woodman, is campaigning for greater public recognition of AEthelstan's creation of England in 927 AD.


						
The Battle of Hastings in 1066 and the signing of Magna Carta in 1215 are two of the most famous years in English history. But very few people know what happened in 925 or 927AD. Professor David Woodman, the University of Cambridge-based author of The First King of England, a groundbreaking new biography of AEthelstan, is determined to change this and not just with his book. He - and other historians - are planning a fitting memorial for England's first and unfairly overlooked king.

"As we approach the anniversaries of AEthelstan's coronation in 925 and the birth of England itself in 927, I would like his name to become much better known. He really deserves that," says Woodman, a Professor at Robinson College and Cambridge's Faculty of History.

Woodman is working with other historians* towards a memorial for the king, which could be a statue, plaque or portrait in a location like Westminster, Eamont Bridge (where AEthelstan's authority in 927 was recognized by other British rulers) or Malmesbury (where he was buried). Woodman is also calling for the history of AEthelstan's reign to appear more routinely on the school curriculum.

"There has been so much focus on 1066, the moment when England was conquered. It's about time we thought about its formation, and the person who brought it together in the first place," Professor Woodman says.

Why isn't AEthelstan better known?

Woodman's book, published by Princeton University Press, blames a lack of public relations. "AEthelstan didn't have a biographer writing up his story," Woodman says. "His grandfather, Alfred the Great, had the Welsh cleric Asser to sing his praises. And within decades of AEthelstan's death, a wave of propaganda ensured King Edgar became famous for reforming the church. This completely overshadowed AEthelstan's earlier revamping of learning and religiosity."

In modern times, historians have tended to dismiss AEthelstan's status as England's first king, on the basis that the kingdom fragmented soon after his death in 939AD. The focus has instead shifted to Edgar. Woodman rejects this argument.




"Just because things broke down after AEthelstan's death doesn't mean that he didn't create England in the first place," Woodman says. "He was so ahead of his time in his political thinking, and his actions in bringing together the English kingdom were so hard-won, that it would have been more surprising if the kingdom had stayed together. We need to recognise that his legacy, his ways of governing and legislating, continued to shape kingship for generations afterwards."

Woodman cites a wealth of evidence to resurrect AEthelstan's reputation.

Military success

"Militarily, AEthelstan was supremely strong," Woodman says. "He had to be very robust to expand the kingdom and then to defend it."

AEthelstan had to contend with major Viking settlement in the north and the east. In 927AD, he acquired authority over the Viking stronghold at York, and, in bringing Northumbria within his dominion, became the first to rule over an area recognizable as 'England'.

As AEthelstan expanded his kingdom, he drew Welsh and Scottish kings into his royal assemblies. Large-scale surviving original diplomas, housed in the British Library, list the very many nobles he compelled to attend. The meetings of AEthelstan's assemblies must have been incredibly grand affairs, involving hundreds of people in total.




"These Welsh and Scottish kings must have bitterly resented being brought so far out of their territories," Woodman says. "An incredible tenth-century Welsh poem, The Great Prophecy of Britain, calls for the English to be slaughtered. It's difficult to date, but it may be a direct response to this expansion of AEthelstan's power."

Then, in 937AD, at the famous Battle of Brunanburh, AEthelstan brutally crushed a formidable Viking coalition, supported by Scots and the Strathclyde Welsh, determined to overthrow him.

"Brunanburh should be as well-known as the Battle of Hastings," Woodman says. "Every major chronicle, in England, Wales, Ireland and Scandinavia took note of this battle, its outcome and how many people were slaughtered. It was a critically important episode in the history of the newly-formed English kingdom."

Numerous locations have been proposed for the battle. Woodman is confident that it happened at what is now Bromborough on the Wirral. "That location makes sense strategically and the etymology of the name fits," he says.

Revolution of government

AEthelstan's most powerful legacy rests in his "revolution of government," Woodman suggests. Legal documents from AEthelstan's reign survive in relative abundance and, Woodman argues, take us right to the heart of the type of king he was.

"King Alfred must have been a role model for his grandson," Woodman says. "AEthelstan saw that a king should legislate and he really did. He took crime very seriously."

Once AEthelstan had created the English kingdom, royal documents known as 'diplomas' (in essence a grant of land by the king to a beneficiary) were suddenly transformed. Formerly short and straightforward, they were transformed into grandiose statements of royal power.

"They're written in a much more professional script and in amazingly learned Latin, full of literary devices like rhyme, alliteration, chiasmus," Woodman says. "They were designed to show off, he's trumpeting his success."

But Woodman also argues that government became increasingly efficient during AEthelstan's reign. "We can see him sending law codes out to different parts of the kingdom, and then reports coming back to him about what was working and what changes needed to be made."

"There is also some of the clearest evidence we have for centralized oversight of the production of royal documents, with one royal scribe put in charge of their production. No matter where the king and the royal assembly traveled, the royal scribe went too."

Woodman points out that AEthelstan brought England together just as parts of continental Europe were fragmenting. "Nobles across Europe were rising up and taking territory for themselves," he says. "AEthelstan made sure that he was well placed to take advantage of the unfolding of European politics by marrying a number of his half-sisters into continental ruling houses."

Learning and religion

Woodman argues that AEthelstan reversed a decline in learning brought by the Vikings and their destruction of churches. "AEthelstan was intellectually curious and scholars from all over Europe came to his court," Woodman says. "He sponsored learning and was a keen supporter of the church."

Two of Woodman's favorite pieces of evidence relate to Saint Cuthbert. The first, the earliest surviving manuscript portrait of any English monarch, appears in a 10th-century manuscript now cared for by The Parker Library at Corpus Christi College, Cambridge. AEthelstan's head is bowed as he stands before the saint. "Everyone should know about this portrait, it's one of the most important images in English history," says Woodman.

The manuscript was originally designed as a gift for the Community of Saint Cuthbert. "AEthelstan had just expanded into Northumbria and this manuscript cleverly includes a life of Saint Cuthbert," Woodman says. "He was trying to win them over to his cause."

Woodman felt even closer to AEthelstan while studying the Durham Liber Vitae. Begun in the ninth century, this manuscript chronologically lists the people who had a special connection to the Community of Saint Cuthbert, in alternating gold and silver lettering.

"If AEthelstan is going to appear, he should be many pages in, but in the tenth century someone visited Saint Cuthbert's Community and wrote 'AEthelstan Rex' right at the top. Seeing that was breathtakingly exciting. It's feasible that someone in his entourage was responsible. We know they visited the Community in 934 and this manuscript may have been on prominent display there, perhaps on its high altar."

Notes

*The group has been convened by Alex Burghart MP, and incudes the historian-broadcasters, Tom Holland and Michael Wood.

Reference

David Woodman, The First King of England: AEthelstan and the Birth of a Kingdom is published by Princeton University Press on 2nd September 2025 (ISBN:9780691249490)
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A rogue black hole is beaming energy from a nearby dwarf galaxy | ScienceDaily
Traditionally, black holes are usually thought to "reside" at the centers of galaxies. However, a research team led by Dr. AN Tao from the Shanghai Astronomical Observatory of the Chinese Academy of Sciences has discovered a wandering black hole in a dwarf galaxy located about 230 million light-years away (redshift z = 0.017).


						
Unlike typical black holes, this one is not located at the galactic center, but rather, it is offset by nearly one kiloparsec and is launching radio jets. This off-nuclear, in-situ, accreting black hole with jets, found in a nearby dwarf galaxy, is one of the closest and most convincing cases confirmed thus far.

The discovery, published online in Science Bulletin on September 4, strengthens the idea that black hole growth is not limited to galactic centers, offering a new perspective on how supermassive black holes could have grown so rapidly in the early universe.

Black Holes Are Not Always in Galactic Centers

In the common picture of the cosmos, black holes are often regarded as the "hearts" of galaxies. However, an increasing number of observations show that some black holes do not remain obediently at the galactic center. Instead, they are displaced, roaming through the galactic disk or outskirts. These displaced black holes are called wandering black holes, like lost travelers drifting across the universe.

Why look for them in dwarf galaxies? Dwarf galaxies have smaller masses and relatively simpler evolutionary histories. They act as "cosmic fossils" that preserve clues about the early growth of black holes. Theory predicts that gravitational recoil after galaxy mergers, or interactions involving multiple bodies, can easily kick black holes out of the shallow gravitational wells of dwarf galaxies, leaving them wandering thousands of light-years away. Some simulations even suggest that a considerable fraction of dwarf-galaxy black holes may be displaced by nearly a kiloparsec (about 3,000 light-years). Yet for a long time, direct and unambiguous observational evidence has been lacking.

New Discovery: A "Radio-loud Wandering Black Hole" in a Dwarf Galaxy

The researcher led by Dr. AN focused on a dwarf galaxy named MaNGA 12772-12704, located only about 230 million light-years away (z [?] 0.017) from the Earth. Using integral field unit data from the Mapping Nearby Galaxies at Apache Point Observatory (MaNGA) survey, they found that this galaxy exhibits weak active galactic nucleus (AGN) signatures. Although its overall morphology is regular and shows no obvious signs of merging or a double AGN, one key feature stood out: the associated radio emission is offset from the geometric center of the galaxy by nearly one kiloparsec (kpc).




Follow-up observations with the Very Long Baseline Array (VLBA) at 1.6 and 4.9 GHz revealed that the source lies 2.68 arcseconds away from the galactic center (corresponding to 0.94 kpc), with a radio core brightness temperature exceeding one billion kelvins. At 1.6 GHz, they detected a jet structure extending about 2.2 parsec (7.2 light-years) southeastward. These are typical AGN features.

Furthermore, by analyzing archival data spanning 1993-2023, the researchers discovered that the source exhibits irregular, long-term variability, becoming brighter and dimmer over decades. This behavior is consistent with sustained, in-situ accretion onto a black hole, and clearly distinct from the monotonically decreasing typical of supernova remnants, effectively ruling out such "impostors." Based on the stellar mass of the host galaxy, the black hole's mass is estimated to be about 300,000 times that of the Sun, placing it in the intermediate-mass black hole (IMBH) category.

Together, they confirmed that this is indeed an actively accreting, off-nuclear black hole with jets -- currently the nearest and most robustly confirmed case of its kind. "This is like a cosmic lighthouse lit by a wandering black hole, although it has strayed from the galactic center, it still shines outward with powerful energy," said Dr. LIU Yuanqi, a co-author of the study.

Rarity: Why Is This One So Important?

From a broader statistical perspective, this discovery is particularly striking. Out of more than 3,000 MaNGA dwarf galaxies, 628 showed possible AGN activity, and about 62% appeared offset from their optical centers. Only MaNGA 12772-12704 satisfied the "triple solid evidence" criteria: a compact high-brightness core, parsec-scale jets, and decades-long variability. This suggests that off-nuclear phenomena may not be uncommon. However, a "candidate" does not equal a confirmed detection.

"In dwarf galaxies especially, it is extremely difficult to obtain clear observational evidence for wandering AGN," said Dr. Mar Mezcua, a co-author of the study from the Institute of Space Sciences of Spain.




Scientific Breakthrough: A New Path for Black Hole Growth

The prevailing view has long been that supermassive black holes primarily grow at galactic centers, rapidly feeding on central gas reservoirs. This study, however, demonstrates that an intermediate-mass black hole located outside the galactic nucleus can also sustain accretion and produce jets. These findings provide direct observational support for the idea that distributed feeding and multi-site growth as a potential pathway for the rapid formation of supermassive black holes in the early universe.

"This discovery prompts us to rethink black hole-galaxy co-evolution. Black holes are not only central 'engines', they may also quietly reshape their host galaxies from the outskirts," said Dr. AN.

Even when located in a galaxy's "suburbs," wandering black holes can inject energy into the surroundings through powerful outflows, influencing galactic dynamics and star formation.

Outlook: Unveiling the Cosmic Population of "Invisible" Black Holes

This study transforms wandering black holes from theoretical speculation into direct observational reality. With the advent of next-generation telescopes, such "lost black holes" may no longer be rare. In the near future, extremely large optical telescopes will measure galactic centers and structures with higher precision. Meanwhile, deep, high-resolution radio surveys using facilities such as the Five-hundred-meter Aperture Spherical Telescope (FAST) core array and Square Kilometre Array will detect even fainter radio signals, potentially resolving sub-parsec-scale micro-jets. These advances will lead to breakthroughs in confirming and statistically studying off-nuclear black holes.

Perhaps, one day, we will recognize that wandering black holes are not rare at all, but rather silent travelers at the edges of galaxies, quietly shaping their hosts' cosmic evolution.

This study was supported by the National SKA Program of China, and the National Natural Science Foundation of China, among others.
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The phantom heat of empty space might soon be detectable | ScienceDaily
Researchers at Hiroshima University have developed a realistic, highly sensitive method to detect the Unruh effect -- a long-predicted phenomenon at the crossroads of relativity and quantum theory. Their novel approach opens new possibilities for exploring fundamental physics and for developing advanced technologies.


						
The work was recently published in Physical Review Letters.

The Fulling-Davies-Unruh effect, or simply the Unruh effect, is a striking theoretical prediction at the profound intersection of Albert Einstein's Theory of Relativity and Quantum Theory. "In quantum theory, even the vacuum seethes with tiny energy fluctuations, where particles and antiparticles briefly appear and vanish. Remarkably, the Unruh effect shows how these 'vacuum ripples' are perceived depends on the observer's motion. A stationary observer sees nothing, but an observer undergoing acceleration perceives them as real particles with a thermal energy distribution -- a 'quantum warmth'," said Noriyuki Hatakenaka, professor emeritus at Hiroshima University.

The counterintuitive result emphasizes the important connection between these two pillars of modern physics. If scientists could experimentally verify the Unruh effect, it would not only bridge the gap between general relativity and quantum mechanics but also provide profound insights into the nature of spacetime itself. Yet the experimental verification of the Unruh effect has been a long-standing and significant challenge in fundamental physics.

"The core problem has been the extraordinarily large accelerations -- on the order of 1020 m/s2 -- required to make this effect detectable, rendering its observation practically impossible with current technology at least in linear acceleration systems," said Haruna Katayama, assistant professor at Hiroshima University.

The researchers at Hiroshima University have proposed a promising approach to observe the Unruh effect. "Our work aims to overcome this fundamental hurdle by proposing a novel and feasible experimental method. We utilize the circular motion of metastable fluxon-antifluxon pairs within coupled annular Josephson junctions," said Hatakenaka. Advances in superconducting microfabrication allow the creation of circuits with extremely small radii, enabling immensely high effective accelerations and producing an Unruh temperature of a few kelvin -- high enough to be experimentally detectable with current technology.

"We have proposed a realistic, highly sensitive, and unambiguous method to detect the elusive Unruh effect. Our proposed system offers a clear pathway to experimentally observe this 'phantom heat' of acceleration for the first time," said Katayama. In their innovative setup, the "quantum warmth" induced by the circular acceleration causes fluctuations that trigger the splitting of the metastable fluxon-antifluxon pairs. Crucially, this splitting event manifests as a clear, macroscopic voltage jump across the superconducting circuit. This voltage jump serves as an undeniable and easily measurable signal, providing a direct and robust signature of the Unruh effect's presence. By statistically analyzing the distribution of these voltage jumps, the researchers can precisely measure the Unruh temperature with high accuracy.




"One of the most surprising aspects is that microscopic quantum fluctuations can induce sudden, macroscopic voltage jumps, making the elusive Unruh effect directly observable. Even more striking, the switching distribution shifts solely with acceleration while all other parameters remain fixed -- a clear statistical fingerprint of the Unruh effect itself," said Hatakenaka.

Looking ahead, Katayama said, "Our immediate next step is to conduct a detailed analysis of the decay processes of the fluxon-antifluxon pairs. This includes thoroughly investigating the role of macroscopic quantum tunneling, a quantum-mechanical phenomenon where particles can pass through potential barriers, which was not extensively explored in this initial work. Understanding these intricate decay mechanisms will be crucial for refining the experimental detection of the Unruh effect."

Their ultimate goal in this research is multifaceted. Beyond the immediate detection, they aim to investigate potential connections between this phenomenon and other quantum fields coupled to their detector. "By deepening our understanding of these novel quantum phenomena, we hope to contribute significantly to the search for a unified theory of all physical laws," said Hatakenaka.

The researchers note that the highly sensitive and broad-range detection capabilities developed in this research hold immense promise for paving the way for future applications, particularly in the field of advanced quantum sensing technologies. "We aspire for this work to open new avenues in fundamental physics and to inspire further exploration into the true nature of spacetime and quantum reality," said Katayama.

The research team includes Noriyuki Hatakenaka, professor emeritus in the Graduate School of Advanced Science and Engineering at Hiroshima University, and Haruna Katayama, assistant professor in the Graduate School of Advanced Science and Engineering at Hiroshima University.

This work was supported by JSPS KAKENHI Grants and by the HIRAKU-Global Program, which is funded by MEXT's "Strategic Professional Development Program for Young Researchers."
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AI-powered smart bandage heals wounds 25% faster | ScienceDaily
As a wound heals, it goes through several stages: clotting to stop bleeding, immune system response, scabbing, and scarring.


						
A wearable device called "a-Heal," designed by engineers at the University of California, Santa Cruz, aims to optimize each stage of the process. The system uses a tiny camera and AI to detect the stage of healing and deliver a treatment in the form of medication or an electric field. The system responds to the unique healing process of the patient, offering personalized treatment.

The portable, wireless device could make wound therapy more accessible to patients in remote areas or with limited mobility. Initial preclinical results, published in the journal npj Biomedical Innovations, show the device successfully speeds up the healing process.

Designing a-Heal 

A team of UC Santa Cruz and UC Davis researchers, sponsored by the DARPA-BETR program and led by UC Santa Cruz Baskin Engineering Endowed Chair and Professor of Electrical and Computer Engineering (ECE) Marco Rolandi, designed a device that combines a camera, bioelectronics, and AI for faster wound healing. The integration in one device makes it a "closed-loop system" -- one of the firsts of its kind for wound healing as far as the researchers are aware.

"Our system takes all the cues from the body, and with external interventions, it optimizes the healing progress," Rolandi said.

The device uses an onboard camera, developed by fellow Associate Professor of ECE Mircea Teodorescu and described in a Communications Biology study, to take photos of the wound every two hours. The photos are fed into a machine learning (ML) model, developed by Associate Professor of Applied Mathematics Marcella Gomez, which the researchers call the "AI physician" running on a nearby computer.




"It's essentially a microscope in a bandage," Teodorescu said. "Individual images say little, but over time, continuous imaging lets AI spot trends, wound healing stages, flag issues, and suggest treatments."

The AI physician uses the image to diagnose the wound stage and compares that to where the wound should be along a timeline of optimal wound healing. If the image reveals a lag, the ML model applies a treatment: either medicine, delivered via bioelectronics; or an electric field, which can enhance cell migration toward wound closure.

The treatment topically delivered through the device is fluoxetine, a selective serotonin reuptake inhibitor which controls serotonin levels in the wound and improves healing by decreasing inflammation and increasing wound tissue closure. The dose, determined by preclinical studies by the Isseroff group at UC Davis group to optimize healing, is administered by bioelectronic actuators on the device, developed by Rolandi. An electric field, optimized to improve healing and developed by prior work of the UC Davis' Min Zhao and Roslyn Rivkah Isseroff, is also delivered through the device.

The AI physician determines the optimal dosage of medication to deliver and the magnitude of the applied electric field. After the therapy has been applied for a certain period of time, the camera takes another image, and the process starts again.

While in use, the device transmits images and data such as healing rate to a secure web interface, so a human physician can intervene manually and fine-tune treatment as needed. The device attaches directly to a commercially available bandage for convenient and secure use.

To assess the potential for clinical use, the UC Davis team tested the device in preclinical wound models. In these studies, wounds treated with a-Heal followed a healing trajectory about 25% faster than standard of care. These findings highlight the promise of the technology not only for accelerating closure of acute wounds, but also for jump-starting stalled healing in chronic wounds.




AI reinforcement

The AI model used for this system, which was led by Assistant Professor of Applied Mathematics Marcella Gomez, uses a reinforcement learning approach, described in a study in the journal Bioengineering, to mimic the diagnostic approach used by physicians.

Reinforcement learning is a technique in which a model is designed to fulfill a specific end goal, learning through trial and error how to best achieve that goal. In this context, the model is given a goal of minimizing time to wound closure, and is rewarded for making progress toward that goal. It continually learns from the patient and adapts its treatment approach.

The reinforcement learning model is guided by an algorithm that Gomez and her students created called Deep Mapper, described in a preprint study, which processes wound images to quantify the stage of healing in comparison to normal progression, mapping it along the trajectory of healing. As time passes with the device on a wound, it learns a linear dynamic model of the past healing and uses that to forecast how the healing will continue to progress.

"It's not enough to just have the image, you need to process that and put it into context. Then, you can apply the feedback control," Gomez said.

This technique makes it possible for the algorithm to learn in real-time the impact of the drug or electric field on healing, and guides the reinforcement learning model's iterative decision making on how to adjust the drug concentration or electric-field strength.

Now, the research team is exploring the potential for this device to improve healing of chronic and infected wounds.

Additional publications related to this work can be found linked here.

This research was supported by the Defense Advanced Research Projects Agency and the Advanced Research Projects Agency for Health.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/09/250924012232.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A tiny mineral may hold the secret to feeding billions sustainably | ScienceDaily
The cultivation of rice -- the staple grain for more than 3.5 billion people around the world -- comes with extremely high environmental, climate and economic costs. But this may be about to change, thanks to new research led by scientists at the University of Massachusetts Amherst and China's Jiangnan University. They have shown that nanoscale applications of the element selenium can decrease the amount of fertilizer necessary for rice cultivation while sustaining yields, boosting nutrition, enhancing the soil's microbial diversity and cutting greenhouse gas emissions. What's more, in a new paper published in the Proceedings of the National Academy of Sciences, they demonstrate for the first time that such nanoscale applications work in real-world conditions.


						
"The Green Revolution massively boosted agriculture output during the middle of the last century," says Baoshan Xing, University Distinguished Professor of Environmental and Soil Chemistry, director of UMass' Stockbridge School of Agriculture, and co-senior author of the new research. "But that revolution is running out of steam. We need to figure out a way to fix it and make it work."

Part of what made the Green Revolution so revolutionary was the invention of synthetic, nitrogen-heavy fertilizers that could keep agricultural yields high. But they're expensive to make, they create an enormous amount of carbon dioxide, and much of the fertilizer washes away.

Most crops only use about 40-60% of the nitrogen applied to them, a measurement known as nitrogen use efficiency, or NUE, and the NUE of rice can be as low as 30% -- which means that 70% of what a farmer puts on their fields washes away into streams, lakes and the oceans, causing eutrophication, dead zones and a host of other environmental problems. It also means that 70% of the cost of the fertilizer is likewise wasted.

Furthermore, when nitrogen is applied to soils, it interacts with the soil's incredibly complex chemistry and microbes, and ultimately leads to vastly increased amounts of methane, ammonia and nitrous oxide -- all of which contribute to global warming. Furthermore, synthesizing fertilizer itself is a greenhouse-gas-heavy enterprise.

"Everybody knows that we need to improve NUE," says Xing -- the question is how?

What Xing and his co-authors, including lead author Chuanxi Wang and another senior author, Zhenyu Wang, professors of environmental processes and pollution control at Jiangnan University discovered, is that nanoscale selenium, an element crucial for plant and human health, when applied to the foliage and stems of the rice, reduced the negative environmental impacts of nitrogen fertilization by 41% and increased the economic benefits by 38.2% per ton of rice, relative to conventional practices.




"We used an aerial drone to lightly spray rice growing in a paddy with the suspension of nanoscale selenium," says Wang. "That direct contact means that the rice plant is far more efficient at absorbing the selenium than it would be if we applied it to the soil."

Selenium stimulates the plant's photosynthesis, which increased by more than 40%. Increased photosynthesis means the plant absorbs more CO2, which it then turns into carbohydrates. Those carbohydrates flow down into the plant's roots, which causes them to grow. Bigger, healthier roots release a host of organic compounds that cultivate beneficial microbes in the soil, and it's these microbes that then work symbiotically with the rice roots to pull more nitrogen and ammonium out of the soil and into the plant, increasing its NUE from 30 to 48.3%, decreasing the amount of nitrous oxide and ammonia release to the atmosphere by 18.8-45.6%.

With more nutrients coming in, the rice itself produces a higher yield, with a more nutritious grain: levels of protein, certain critical amino acids, and selenium also jumped.

On top of all of this, Xing, Wang and their colleagues found that their nano-selenium applications allowed farmers to reduce their nitrogen applications by 30%. Since rice cultivation accounts for 15-20% of the global nitrogen use, this new technique holds real promise for helping to meet the triple threat of growing population, climate change, and the rising economic and environmental costs of agriculture.
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Scientists crack the explosive secret of how diamonds reach the surface | ScienceDaily
If you've ever held or beheld a diamond, there's a good chance it came from a kimberlite. Over 70% of the world's diamonds are mined from these unique volcanic structures. Yet despite decades of study, scientists are still working to understand how exactly kimberlites erupt from deep in Earth's mantle to the surface.


						
Kimberlites -- carrot-shaped volcanic pipes that erupt from mantle depths greater than 150 km -- have long fascinated geologists as windows into the deep Earth. Their mantle-derived melt ascends rapidly through the mantle and crust, with some estimates suggesting ascent rates of up to 80 miles per hour before kimberlites erupt violently at the surface. Along the way, the magma captures xenoliths and xenocrysts, fragments of the rocks encountered on its path.

"They're very interesting and still very enigmatic rocks," despite being well-studied, says Ana Anzulovic, a doctoral research fellow at the University of Oslo's Centre for Planetary Habitability.

In a study published this month in the journal Geology, Anzulovic and colleagues from the University of Oslo have taken a major step toward solving the puzzle. By modelling how volatile compounds like carbon dioxide and water influence the buoyancy of proto-kimberlite melt relative to surrounding materials, they quantified for the first time what it takes to erupt a kimberlite.

Diamonds make it to the surface in kimberlites because their rapid ascent prevents them from reverting to graphite, which is more stable at shallow pressures and temperatures. But the composition of the kimberlite's original melt -- and how it rises so fast -- has remained mysterious.

"They start off as something that we cannot measure directly," says Anzulovic. "So we don't know what a proto-kimberlite, or parental, melt would be like. We know approximately but everything we know basically comes from the very altered rocks that get emplaced."

To constrain the composition of these parental melts, the team focused on the Jericho kimberlite, which erupted into the Slave craton of far northwest Canada. Using chemical modelling, they tested different original mixtures of carbon dioxide and water.




"Our idea was, well, let's try to create a chemical model of a kimberlite, then vary CO2 and H2O," says Anzulovic. "Think of it as trying to sample a kimberlite as it ascends at different pressure and temperature points."

The researchers used molecular dynamics software to simulate atomic forces and track how atoms in a kimberlite melt move under varying depths. From these calculations, they determined the density of the melt at different conditions and whether it remained buoyant enough to rise.

"The most important takeaway from this study is that we managed to constrain the amount of CO2 that you need in the Jericho kimberlite to successfully ascend through the Slave craton," Anzulovic says. "Our most volatile-rich composition can carry up to 44% of mantle peridotite, for example, to the surface, which is really an impressive number for such a low viscosity melt."

The study also shows how volatiles play distinct roles. Water increases diffusivity, keeping the melt fluid and mobile. Carbon dioxide helps structure the melt at high pressures but, near the surface, it degasses and drives the eruption upward. For the first time, researchers demonstrated that the Jericho kimberlite needs at least 8.2% CO2 to erupt; without it, diamonds would remain locked in the mantle.

"I was actually pretty surprised that I can take such a small scale system and actually observe, 'Okay, if I don't put any carbon in, this melt will be denser than the craton, so this will not erupt,'" says Anzulovic. "It's great that modeling kimberlite chemistry can have implications for such a large-scale process."
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Mushrooms evolved psychedelics twice, baffling scientists | ScienceDaily
"This concerns the biosynthesis of a molecule that has a very long history with humans," explains Prof. Dirk Hoffmeister, head of the research group Pharmaceutical Microbiology at Friedrich Schiller University Jena and the Leibniz Institute for Natural Product Research and Infection Biology (Leibniz-HKI). "We are referring to psilocybin, a substance found in so-called 'magic mushrooms', which our body converts into psilocin - a compound that can profoundly alter consciousness. However, psilocybin not only triggers psychedelic experiences, but is also considered a promising active compound in the treatment of therapy-resistant depression," says Hoffmeister.


						
Two paths, one molecule

The study, which was conducted within the Cluster of Excellence 'Balance of the Microverse', shows for the first time that fungi have developed the ability to produce psilocybin at least twice independently of each other. While Psilocybe species use a known enzyme toolkit for this purpose, fiber cap mushrooms employ a completely different biochemical arsenal - and yet arrive at the same molecule. This finding is considered an example of convergent evolution: different species have independently developed a similar trait, but the 'magic mushrooms' have gone their own way in doing so.

Searching for clues in fungal genomes

Tim Schafer, lead author of the study and doctoral researcher in Hoffmeister's team, explains: "It was like looking at two different workshops, but both ultimately delivering the same product. In the fiber caps, we found a unique set of enzymes that have nothing to do with those found in Psilocybe mushrooms. Nevertheless, they all catalyze the steps necessary to form psilocybin."

The researchers analyzed the enzymes in the laboratory. Protein models created by Innsbruck chemist Bernhard Rupp confirmed that the sequence of reactions differs significantly from that known in Psilocybe. "Here, nature has actually invented the same active compound twice," says Schafer.

However, why two such different groups of fungi produce the same active compound remains unclear. "The real answer is: we don't know," emphasizes Hoffmeister. "Nature does nothing without reason. So there must be an advantage to both fiber cap mushrooms in the forest and Psilocybe species on manure or wood mulch producing this molecule - we just don't know what it is yet."

"One possible reason could be that psilocybin is intended to deter predators. Even the smallest injuries cause Psilocybe mushrooms to turn blue through a chemical chain reaction, revealing the breakdown products of psilocybin. Perhaps the molecule is a type of chemical defense mechanism," says Hoffmeister.




More tools for biotechnology

Although it is still unclear why different fungi ultimately produce the same molecule, the discovery nevertheless has practical implications: "Now that we know about additional enzymes, we have more tools in our toolbox for the biotechnological production of psilocybin," explains Hoffmeister.

Schafer is also looking ahead: "We hope that our results will contribute to the future production of psilocybin for pharmaceuticals in bioreactors without the need for complex chemical syntheses." At the Leibniz-HKI in Jena, Hoffmeister's team is working closely with the Bio Pilot Plant, which is developing processes for producing natural products such as psilocybin on an industry-like scale.

At the same time, the study provides exciting insights into the diversity of chemical strategies used by fungi and their interactions with their environment. It thus addresses central questions of the Collaborative Research Center ChemBioSys and the Cluster of Excellence [?]'Balance of the Microverse' at Friedrich Schiller University Jena, within the framework of which the work was carried out and funded by the German Research Foundation (DFG), among others. While the CRC ChemBioSys investigates how natural compounds shape biological communities, the Cluster of Excellence focuses on the complex dynamics of microorganisms and their environment.
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Tylenol in pregnancy linked to higher autism risk, Harvard scientists report | ScienceDaily
When children are exposed to acetaminophen -- also known by the brand name Tylenol or as paracetamol -- during pregnancy, they may be more likely to develop neurodevelopmental disorders (NDDs) including autism and ADHD, according to a new study.


						
The study was published recently in BMC Environmental Health. Andrea Baccarelli, dean of the faculty at Harvard T.H. Chan School of Public Health and professor of environmental health, was senior author. The study was led by the Icahn School of Medicine at Mount Sinai and also included co-authors from other institutions.

The researchers analyzed results from 46 previous studies worldwide that investigated the potential link between prenatal acetaminophen use and subsequent NDDs in children. The researchers used the Navigation Guide Systematic Review methodology -- a gold-standard framework for synthesizing and evaluating environmental health data -- which enabled them to conduct a rigorous, comprehensive analysis that supported evidence of an association between acetaminophen exposure during pregnancy and increased incidence of NDDs.

The researchers noted that while steps should be taken to limit acetaminophen use, the drug is important for treating pain and fever during pregnancy, which can also harm the developing fetus. High fever can raise the risk of neural tube defects and preterm birth. "We recommend judicious acetaminophen use -- lowest effective dose, shortest duration -- under medical guidance, tailored to individual risk-benefit assessments, rather than a broad limitation," they wrote.

In late September, the Food and Drug Administration announced it would issue a letter to clinicians urging them to be cautious about the use of acetaminophen in pregnancy. Baccarelli said he had discussed his study with Health and Human Services Secretary Robert F. Kennedy Jr. in the weeks leading up to that announcement and provided the White House team with an statement noting his research found "evidence of an association" between prenatal exposure to acetaminophen and neurodevelopmental disorders. "That association is strongest when acetaminophen is taken for four weeks or longer," Baccarelli said.

The statement continued: "Further research is needed to confirm the association and determine causality, but based on existing evidence, I believe that caution about acetaminophen use during pregnancy -- especially heavy or prolonged use -- is warranted."

Baccarelli noted in the "competing interests" section of the research paper that he has served as an expert witness for plaintiffs in a case involving potential links between acetaminophen use during pregnancy and neurodevelopmental disorders.

The study was conducted in collaboration with the University of California, Los Angeles; University of Massachusetts Lowell; and Harvard T.H. Chan School of Public Health.

Funding for this study was provided by the National Cancer Institute (U54CA267776), the National Institute of Environmental Health Sciences (R35ES031688), and the National Institute on Aging (U01AG088684).
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Diamonds reveal hidden chemistry deep inside Earth | ScienceDaily
Diamonds from South Africa's Voorspoed mine have revealed the first natural evidence of nickel-rich metallic alloys forming deep in Earth's mantle, between 280-470 km (174-292 miles). A new study reveals that these inclusions coexist with nickel-rich carbonates, capturing a rare snapshot of a "redox-freezing" reaction whereby oxidized melts infiltrate reduced mantle rock. The growing diamond trapped both reactants and products of a diamond-forming reaction. This finding not only confirms long-standing predictions about mantle redox conditions but also highlights how such processes may fuel diamond formation of volatile-rich magmas that erupt from hundreds of kilometers and bring the diamond to the surface.


						
The Earth's mantle is a restless, enigmatic engine that powers volcanism, recycles crust, and regulates the long-term evolution of the planet. But one of its most elusive characteristics -- the redox state, or the balance of oxidized and reduced chemical species -- remains difficult to measure directly. A new study led by Yael Kempe and Yaakov Weiss, from the Hebrew University's Institute of Earth Sciences, offers a rare glimpse into these deep processes, captured within nano- and micro-inclusions in diamonds from South Africa's Voorspoed mine.

A Rare Discovery in the Depths

For decades, models and high-pressure experiments have suggested that nickel-rich metallic alloys should stabilize in the mantle at depths of roughly 250-300 km. Yet, natural samples confirming these predictions have been vanishingly scarce.

Working with colleagues from the University of Nevada, the University of Cambridge, and the Nanocenter at the Hebrew University, Weiss's team has now identified nickel-iron metallic nanoinclusions and nickel-rich carbonate microinclusions preserved inside diamonds that formed between 280-470 km below Earth's surface. These inclusions represent the first direct evidence of nickel-rich alloys at their predicted depth -- a long-sought validation of mantle redox models.

The diamonds' mineral cargo also includes coesite, K-rich aluminous phases, and molecular solid nitrogen inclusions, providing multiple pressure markers that firmly constrain their origin to the deep upper mantle and shallow transition zone.

Redox Snapshots Frozen in Carbon

The significance of the find goes beyond simple confirmation of theoretical models. The coexistence of nickel-iron alloy and nickel-rich carbonate points to a metasomatic redox-freezing reaction -- a dynamic interaction in which an oxidized carbonatitic-silicic melt infiltrated reduced, metal-bearing peridotite. It joins earlier evidence from shallower depths that this is the main mode of formation of natural diamonds.




In this environment, preferential oxidation of iron relative to nickel drove enrichment of the residual alloy in nickel. At the same time, nickel-rich carbonates and diamonds crystallized from the melt. In effect, the diamonds froze a fleeting geochemical moment: the conversion of a reduced mantle rock into a more oxidized, volatile-rich domain and the reduction of carbonates to form diamonds.

"This is a rare snapshot of mantle chemistry in action," says Weiss. "The diamonds act as tiny time capsules, preserving a reaction that would otherwise vanish as minerals re-equilibrate with their surroundings."

Implications for Mantle Dynamics and Magmatism

These findings carry broad implications. If localized metasomatic reactions periodically oxidize small portions of the mantle, they may help explain why some inclusions in other superdeep diamonds record unexpectedly high oxidized conditions.

Such processes also shed light on the origins of volatile-rich magmas. The enrichment of mantle peridotite in carbonate, potassium, and incompatible elements during these redox events could prime the mantle for the later formation of kimberlites, lamprophyres, and even some ocean island basalts. In other words, the tiny inclusions in Voorspoed diamonds hint at large-scale links between subduction, mantle redox dynamics, and the generation of magmas that shape continents and bring diamonds to the surface.

Diamonds as Mantle Witnesses

The study underscores the scientific value of diamonds as more than just gemstones. Their inclusions -- whether nanometer-scale alloys or high-pressure minerals -- offer one of the only natural records of conditions hundreds of kilometers beneath our feet.




Kempe and Weiss's work marks a milestone: the first natural confirmation of nickel-rich alloys at mantle depths predicted by theory, and a vivid illustration of how the deep Earth's redox landscape evolves through melt-rock interaction.

As researchers continue to probe these mineral time capsules, we may find that diamonds, once symbols of permanence, are also storytellers of change -- bearing witness to the mantle's hidden chemistry and the processes that continue to shape our dynamic planet.
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Dogs can tell how toys work without any training | ScienceDaily
As infants, humans naturally learn new words and their associations -- like the fact that forks are related to bowls because both are used to consume food. In a study published in the Cell Press journal Current Biology on September 18, a team of animal behavior experts demonstrate that dogs can categorize objects by function, too. In a series of playful interactions with their owners, a group of Gifted Word Learner (GWL) dogs were able to distinguish between toys used for tugging versus fetching, even when the toys in question didn't share any obvious physical similarities -- and then could remember those categorizations for long periods of time, all with no prior training.


						
"We discovered that these Gifted Word Learner dogs can extend labels to items that have the same function or that are used in the same way," says author Claudia Fugazza of Eotvos Lorand University, Budapest, Hungary. It's like a person calling both a traditional hammer and a rock by the same name, says Fugazza.

"The rock and the hammer look physically different, but they can be used for the same function," she says. "So now it turns out that these dogs can do the same."

The studies took place in the dogs' natural home environments with their human owners. At the beginning, the dogs spent time getting familiar with verbal labels for two functional groups of objects: pull and fetch. Their owners used these words with specific toys and played with them accordingly even though the toys didn't share any similar physical features.

Next, the dogs were tested to see if they had learned to connect the functional labels to the correct group of toys before playing with more novel toys in the two distinct categories. However, this time, their owners didn't use the "pull" and "fetch" labels for the dogs.

The team found that the dogs were able to extend the functional labels they'd learned previously to the new toys based on their experience playing with them. In the final test, the dogs showed that they could successfully apply the verbal labels to the toys by either pulling or fetching accordingly, even when their owners hadn't named them.

"For these new toys, they've never heard the name, but they have played either pull or fetch, and so the dog has to choose which toy was used to play which game," Fugazza says. "This was done in a natural setup, with no extensive training. It's just owners playing for a week with the toys. So, it's a natural type of interaction."

The authors note that the dogs' ability to connect verbal labels to objects based on their functional classifications and apart from the toys' physical attributes suggests that they form a mental representation of the objects based on their experience with their functions, which they can later recall. These findings provide insight into the evolution of basic skills related to language and their relationship to other cognitive abilities, including memory, the researchers say.




More research is needed to understand the scope and flexibility of dogs' language categorization abilities. The researchers suggest future studies to explore whether dogs that don't learn object labels may nevertheless have an ability to classify objects based on their functions.

"We have shown that dogs learn object labels really fast, and they remember them for a long period, even without rehearsing," Fugazza says. "And I think the way they extend labels also beyond perceptual similarities gives an idea of the breadth of what these labels could be for dogs."

This work was supported by National Brain Research Program NAP 3.0 of the Hungarian Academy of Sciences, MTA-ELTE Comparative Ethology Research Group, and TRIXIE.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/09/250923021212.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Fish love songs recorded for 12 years reveal a surprising shift | ScienceDaily
More than a decade of acoustic recordings of grouper grunts are providing new insight into how sound can be used to monitor and manage vulnerable fish populations. The research by Florida Atlantic University's Harbor Branch Oceanographic Institute focused on the red hind (Epinephelus guttatus), a commercially important Caribbean grouper species.


						
Red hind are protogynous hermaphrodites, starting life as females and later becoming males. Each winter, they travel more than 30 kilometers to offshore sites to spawn under the full moon in large gatherings. Males use rhythmic, low-frequency sounds to attract mates and to defend territory. This predictable behavior makes them especially vulnerable to overfishing during spawning season.

Rather than traditional survey methods, FAU Harbor Branch and FAU College of Engineering and Computer Science researchers, in collaboration with HJR Reefscaping, the University of the Virgin Islands, and the University of Puerto Rico, turned to passive acoustic monitoring. This technique enables continuous, long-term monitoring of reproductive behavior, even in remote or hard-to-access areas, without disrupting the animals or their habitat.

To examine how red hind reproductive behavior has changed over time, researchers analyzed more than 2,000 hours of underwater recordings from a single spawning site off Puerto Rico's west coast, continuously monitored since 2007.

Unlike most acoustic studies that track general sound levels, this research focused on specific mating calls tied to distinct behaviors. Red hind produce two primary sound types - one for courtship and another for territorial defense. Tracking these sounds over time allowed researchers to detect subtle shifts in spawning behavior and population dynamics.

The result, published in the ICES Journal of Marine Science, is one of the most extensive and uninterrupted acoustic datasets ever assembled for a reef fish species.

The analysis confirmed a consistent seasonal pattern in red hind spawning activity, closely aligned with lunar cycles. However, one of the most striking findings was a notable shift in the balance of call types over the 12-year period. Between 2011 and 2017, calls linked to courtship were more common. But starting in 2018, calls linked to competition and territorial behavior became dominant - nearly tripling over the study period.




"This shift could indicate changes in the population, such as an increase in the number of older or more dominant males, changes in sex ratios, or even a shift in the core spawning area," said Laurent Cherubin, Ph.D., lead author and a research professor at FAU Harbor Branch.

Researchers also observed more frequent and multiple peaks in sound production in recent years, suggesting that spawning may now be spread over more days in each lunar cycle than in the past. These changes could be responses to environmental or population shifts.

Importantly, the study shows that passive acoustic monitoring can be a powerful tool for tracking reproductive behavior over time and detecting early signs of population or behavioral change - information that is critical for managing and conserving red hind and similar reef fish species.

"What's remarkable is that even a single underwater microphone can reveal so much about fish populations," said Cherubin. "With consistent long-term monitoring, we can pick up early warning signs - like shifts in spawning behavior or population stress - and give resource managers the information they need to adapt conservation strategies before it's too late."

At the center of the analysis was an advanced machine-learning tool called FADAR (fish acoustic detection algorithm research). This custom-built acoustic classifier allowed the team to detect and distinguish between different types of mating calls with extraordinary speed and accuracy.

"This study shows how much we can learn simply by listening," said Cherubin. "Thanks to FADAR, we processed 12 years of acoustic data in weeks - uncovering patterns that would have taken years to find. It's a game changer for monitoring and managing reef fish like red hind."

By using advanced acoustic technology at a single site, researchers can detect shifts in reproductive behavior and population dynamics remotely, providing crucial early warning signs of stress. This kind of data is essential for resource managers developing strategies to protect spawning grounds and sustain fisheries.

"As passive acoustics advances, it's transforming our understanding of the ocean," said Cherubin. "By tuning in to underwater soundscapes, we're discovering not just when and where fish spawn, but how those patterns change over time - offering vital insights into the health of marine ecosystems."

Study co-authors are Caroline Woodward, United States Geological Survey; Michelle Scharer-Umpierre, Ph.D., associate researcher, HJR Reefscaping and the University of Puerto Rico-Mayaguez; Richard S. Nemeth, Ph.D., research professor, Center for Marine and Environmental Studies, University of the Virgin Islands; Richard Appeldoorn, Ph.D., a faculty member; and Evan Tuhoy, a Ph.D. candidate, both within the Department of Marine Sciences, University of Puerto Rico; and Ali K. Ibrahim, Ph.D., a research engineer in FAU's Department of Electrical Engineering and Computer Science.
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Stressed koalas are facing a deadly epidemic | ScienceDaily
Australian researchers have revealed a clear relationship between stress and increased disease risk in koalas in South East Queensland and on the New South Wales North Coast.


						
A study led by Dr Michaela Blyton at The University of Queensland measured and tracked the level of koala retrovirus (KoRV) in groups of captive and wild koalas.

"We wanted to see what happened to their KoRV loads over time and how it related to chlamydial infection and levels of the stress hormones cortisol and corticosterone in their feces," Dr Blyton said.

"Virus load likely weakens the immune system, so those with a higher KoRV load are more at risk of diseases such as Chlamydia which can cause blindness, infertility and death.

"Poor quality or disappearing habitat may increase stress and the koalas with higher average cortisol levels had higher average KoRV loads.

"We have confirmed the biggest threats faced by koalas of habitat loss and disease are connected - this is very important to know to improve support for remaining koala populations."

The 67 koalas in the study included wild koalas being treated for Chlamydia before being released, others in a Chlamydia vaccine trial and a small number of animals kept in captivity because of injury or ill health.




"Our study showed KoRV loads within individual animals were very stable over time," Dr Blyton said.

"Even when a koala with Chlamydia was successfully treated for that infection, their KoRV load did not decrease.

"That tells us the direction of causation is high KoRV load leading to an increased susceptibility to chlamydial infection and not the other way around.

"KoRV load could be underpinning the Chlamydia epidemic among koalas in northern New South Wales and South East Queensland."

The study at UQ's School of Chemistry and Molecular Biosciences was supported by the Port Macquarie Koala Hospital, Currumbin Wildlife Hospital and funded by the NSW Government under the NSW Koala Strategy.

"When we're looking at koala conservation strategies, we need to be taking a holistic approach because disease and environmental factors are linked," Dr Blyton said.




"The best thing is to preserve good quality habitat and the populations of koalas it supports.

"We are involved in Koala Conservation Australia's breed to release program, where we are now screening and preferencing animals with low KoRV loads to hopefully give their offspring greater protection against Chlamydia and other infectious diseases.

"We are also aiming to investigate antiretrovirals to reduce KoRV loads in individuals to give them a better chance of fighting off Chlamydia and reducing transmission to the next generation."

The research paper is in the Journal of General Virology, published by the Microbiology Society which is a membership charity for scientists interested in microbes, their effects and practical uses.
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10 people who beat 8,000 others to become NASA astronaut candidates | ScienceDaily
NASA's 10 new astronaut candidates were introduced on Monday, September 22, following a competitive selection process of more than 8,000 applicants from across the United States. The class now will complete nearly two years of training before becoming eligible for flight assignments supporting future science and exploration missions to low Earth orbit, the Moon, and Mars.


						
Acting NASA Administrator Sean Duffy welcomed the all-American 2025 astronaut candidate class during a ceremony at the agency's Johnson Space Center in Houston.

"I'm honored to welcome the next generation of American explorers to our agency! More than 8,000 people applied - scientists, pilots, engineers, dreamers from every corner of this nation. The 10 men and women sitting here today embody the truth that in America, regardless of where you start, there is no limit to what a determined dreamer can achieve - even going to space," said Duffy. "Together, we'll unlock the Golden Age of exploration."

The agency's 24th astronaut class reported for duty at NASA Johnson in mid-September and immediately began their training. Their curriculum includes instruction and skills development for complex operations aboard the International Space Station, Artemis missions to the Moon, and beyond. Specifically, training includes robotics, land and water survival, geology, foreign language, space medicine and physiology, and more, while also conducting simulated spacewalks and flying high-performance jets.

After graduation, the 2025 class will join the agency's active astronaut corps. Active astronauts are conducting science research aboard the space station while preparing for the transition to commercial space stations and the next great leaps in human exploration at the Moon and Mars. The candidates' operational expertise, scientific knowledge, and technical backgrounds are essential to advancing NASA's deep space exploration goals and sustaining a long-term human presence beyond low Earth orbit.

The 2025 astronaut candidates are:

Ben Bailey, 38, chief warrant officer 3, U.S. Army, was born and raised in Charlottesville, Virginia. He has a bachelor's degree in mechanical engineering from the University of Virginia and is completing a master's in systems engineering at the Naval Postgraduate School in Monterey, California. Bailey is a U.S. Naval Test Pilot School graduate with more than 2,000 flight hours in more than 30 different rotary and fixed-wing aircraft. At the time of his selection, Bailey was responsible for the developmental testing of emerging technologies aboard Army rotary wing aircraft, specializing in the UH-60 Black Hawk and CH-47F Chinook.




Lauren Edgar, 40, considers Sammamish, Washington, her hometown. She earned a bachelor's degree in Earth sciences from Dartmouth College, and her master's and doctorate in geology from the California Institute of Technology. Edgar has served as the deputy principal investigator for the Artemis III Geology Team. In this role, she helped define lunar science goals, geology activities NASA astronauts will conduct, and science operations for NASA's return to the Moon. She also spent more than 17 years supporting Mars exploration rovers. She was working at the U.S. Geological Survey at the time of her selection.

Adam Fuhrmann, 35, major, U.S. Air Force, is from Leesburg, Virginia, and has accumulated more than 2,100 flight hours in 27 aircraft, including the F-16 and F-35. He holds a bachelor's degree in aerospace engineering from the Massachusetts Institute of Technology and master's degrees in flight test engineering and systems engineering from the U.S. Air Force Test Pilot School and Purdue University, respectively. He has deployed in support of Operations Freedom's Sentinel and Resolute Support, logging 400 combat hours. At the time of his selection, Fuhrmann served as the director of operations for an Air Force flight test unit.

Cameron Jones, 35, major, U.S. Air Force, is a native of Savanna, Illinois. He holds bachelor's and master's degrees in aerospace engineering from the University of Illinois at Urbana-Champaign. He is also a graduate of the U.S. Air Force Test Pilot School at Edwards Air Force Base in California and the U.S. Air Force Weapons School at Nellis Air Force Base in Nevada. He's an experienced test pilot with more than 1,600 flight hours in more than 30 different aircraft, including 150 combat hours. The majority of his flight time is in the F-22 Raptor. At the time of his selection, Jones was an Air Force Academic Fellow at the Defense Advanced Research Projects Agency.

Yuri Kubo, 40, is a native of Columbus, Indiana. He earned a bachelor's degree in electrical engineering and a master's in electrical and computer engineering from Purdue University. He spent 12 years working across various teams at SpaceX, including as launch director for Falcon 9 rocket launches, director of avionics for the Starshield program, and director of Ground Segment. Earlier in his career, Kubo was a co-op student at NASA Johnson, where he completed multiple tours supporting the Orion spacecraft, the International Space Station, and the Space Shuttle Program. At the time of his selection, Kubo was the senior vice president of Engineering at Electric Hydrogen.

Rebecca Lawler, 38, is a native of Little Elm, Texas, and a former lieutenant commander in the U.S. Navy. She is a former Navy P-3 pilot and experimental test pilot with more than 2,800 flight hours in more than 45 aircraft. Lawler holds a bachelor's degree in mechanical engineering from the U.S. Naval Academy and master's degrees from Johns Hopkins University and the National Test Pilot School. She also is a U.S. Naval Test Pilot School graduate. Lawler also flew as a National Oceanic and Atmospheric Administration hurricane hunter and during NASA's Operation IceBridge. She was a test pilot for United Airlines at the time of selection.

Anna Menon, 39, is from Houston and earned her bachelor's degree from Texas Christian University with a double major in mathematics and Spanish. She also holds a master's in biomedical engineering from Duke University. Menon previously worked in the Mission Control Center at NASA Johnson, supporting medical hardware and software aboard the International Space Station. In 2024, Menon flew to space as a mission specialist and medical officer aboard SpaceX's Polaris Dawn. The mission saw a new female altitude record, the first commercial spacewalk, and the completion of approximately 40 research experiments. At the time of her selection, Menon was a senior engineer at SpaceX.




Imelda Muller, 34, considers Copake Falls, New York, her hometown. She formerly was a lieutenant in the U.S. Navy and served as an undersea medical officer after training at the Naval Undersea Medical Institute. Muller earned a bachelor's degree in behavioral neuroscience from Northeastern University and a medical degree from the University of Vermont College of Medicine. Her experience includes providing medical support during Navy operational diving training at NASA's Neutral Buoyancy Laboratory. At the time of her selection, Muller was completing a residency in anesthesia at Johns Hopkins School of Medicine in Baltimore.

Erin Overcash, 34, lieutenant commander, U.S. Navy, is from Goshen, Kentucky. She holds a bachelor's degree in aerospace engineering and a master's in bioastronautics from the University of Colorado, Boulder. A U.S. Naval Test Pilot School graduate, Overcash is an experienced F/A-18E and F/A-18F Super Hornet pilot with multiple deployments. She has logged more than 1,300 flight hours in 20 aircraft, including 249 carrier arrested landings. Overcash was part of the Navy's World Class Athlete Program and trained full-time at the Olympic Training Center with the USA Rugby Women's National Team. She was training for a squadron department head tour at the time of selection.

Katherine Spies, 43, is a native of San Diego and holds a bachelor's degree in chemical engineering from the University of Southern California and a master's in design engineering from Harvard University. She is a former Marine Corps AH-1 attack helicopter pilot and experimental test pilot, with more than 2,000 flight hours in more than 30 different aircraft. A graduate of the U.S. Naval Test Pilot School, she served as UH-1Y/AH-1Z project officer and AH-1W platform coordinator during her time on active duty. At the time of her selection, Spies was the director of flight test engineering at Gulfstream Aerospace Corporation.

With the addition of these 10 individuals, NASA now has recruited 370 astronaut candidates since selecting the original Mercury Seven in 1959.

"Today, our mission propels us even further as we prepare for our next giant leap with NASA's newest astronaut candidate class," said Vanessa Wyche, director of NASA Johnson. "Representing America's best and brightest, this astronaut candidate class will usher in the Golden Age of innovation and exploration as we push toward the Moon and Mars."
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NASA's Mars rover Curiosity captures stunning details of alien rock formations | ScienceDaily
Earth planning date: Friday, Sept. 5, 2025


						
Curiosity is in the midst of the boxwork campaign, trying to decipher why we see such pronounced ridges and hollows in this area of Mount Sharp. When this terrain was first identified from orbit it was hypothesized that the ridges may be the result of cementation by circulating fluids, followed by differential erosion of the less resistant bedrock in between (the hollows that we now observe).

We have been exploring the boxwork terrain documenting textures, structures and composition to investigate potential differences between ridges and hollows. One of the textural features we have observed are nodules in varying abundance. The focus of our activities this week was to document the transition from smoother bedrock atop a boxwork ridge to more nodular bedrock associated with the edge of a shallow hollow.

In Tuesday's three-sol plan we analyzed the smoother bedrock within the ridge, documenting textures with MAHLI, Mastcam, and ChemCam RMI, and chemistry with ChemCam LIBS and APXS. Curiosity then successfully bumped towards the edge of the ridge/hollow to place the more nodular bedrock in our workspace. Friday's three-sol plan was basically a repeat of the previous observations, but this time focused on the more nodular bedrock. The planned drive should take us to another boxwork ridge, and closer to the area where we plan to drill into one of the ridges.

As the APXS strategic planner this week, I helped to select the rock targets for analysis by our instrument, ensuring they were safe to touch and that they met the science intent of the boxwork campaign. I also communicated to the rest of the team the most recent results from our APXS compositional analyses and how they fit into our investigation of the boxwork terrain. This will help to inform our fast-approaching decision about where to drill.

Both plans included Mastcam and ChemCam long-distance RMI imaging of more distant features, including other boxwork ridges and hollows, buttes, the yardang unit, and Gale crater rim. Planned environmental activities continue to monitor dust in the atmosphere, dust-devil activity, and clouds. Standard REMS, RAD, and DAN activities round out the week's activities.

Written by Lucy Thompson, Planetary Scientist and APXS Team Member, University of New Brunswick, Canada.
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The Universe's first magnetic fields were shockingly weak, but changed everything | ScienceDaily
The magnetic fields that formed in the very early stages of the Universe, may have been billions of times weaker than a small fridge magnet, with strengths comparable to magnetism generated by neurons in the human brain. Yet, despite such weakness, quantifiable traces of their existence still remain in the cosmic web, the visible cosmic structures connected throughout the Universe. These conclusions emerge from a study using around a quarter of a million computer simulations, conducted by a team from SISSA (the International School for Advanced Studies based in Trieste) in collaboration with the Universities of Hertfordshire, Cambridge, Nottingham, Stanford, and Potsdam. Observational data were subsequently used to validate these findings. The research, recently published in Physical Review Letters, specifies both possible and maximum values for the strengths of primordial magnetic fields. It also offers the possibility of refining our knowledge of the early Universe and the formation of the first stars and galaxies.


						
A magnetic cosmic web

"The cosmic web, of which much remains to be discovered, is a filamentary structure connecting the galaxies that permeates the Universe. One of its many unsolved mysteries is why it is magnetized, not only near galaxies, where this might be expected, but also in distant regions that are sparsely populated and constitute the bulk of the cosmic web. This is harder to explain." These comments come from Mak Pavicevic, a SISSA PhD student and lead author of the research, and Matteo Viel, his supervisor and co-author of the study. "Our hypothesis was that this could be a legacy of events occurring in cosmic epochs during the birth of the Universe, and that magnetism was linked essentially to physical processes in the primordial Universe. For example, the filaments would have become magnetized during the inflation process before the so-called "Big Bang" or through events in later epochs, called phase transitions. This is what we sought to ascertain with our work. We also wished to assess the magnitude of these primordial magnetic fields through our investigations, establishing an upper limit and attempting to measure their strengths."

At the origin of the Universe with a quarter of a million simulations

The international team used over 250,000 computer simulations to study the cosmic web and better understand the influence of primordial magnetic fields. Vid Irsic from University of Hertfordshire, and a co-author of the study, emphasizes that "these are the most realistic and largest suite state-of-the-art simulations of the influence of primordial magnetic field on the intergalactic cosmic web." Pavicevic and Viel explain: "By comparing these simulations with observational data, we saw that our hypotheses were correct. When the influence of primordial fields is included in the picture, the cosmic web looks different and more in agreement with observed data. In particular, we can say that a standard model of the Universe with a very weak magnetic field of around 0.2 nano-gauss actually fits experimental data much better."

The magnitude of primordial magnetic fields: a new upper limit

The scientists have derived a particularly low value for the magnitude of the primordial magnetic fields, establishing a new upper limit several times lower than previously estimated. Pavicevic and Viel continue: "Our research thus places strict limits on the intensity of magnetic fields formed in the very early moments of the Universe and is consistent with recent results obtained in independent data and studies on the cosmic microwave background. The two scientists explain: "This evidence will help us to improve our understanding of events in the early Universe. The magnetic field would have increased the density of the cosmic web, in turn accelerating the process of star and galaxy formation. It will be possible to further validate our results through observations made by the James Webb Space Telescope." Vid Irsic concludes: "Not only will these new limits help us understand the impact of the primordial magnetic fields on the evolution of the Cosmo, but they also hold important implications for other theoretical models that enhance structure formation."
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AI breakthrough finds life-saving insights in everyday bloodwork | ScienceDaily
Routine blood samples, such as those taken daily at any hospital and tracked over time, could help predict the severity of an injury and even provide insights into mortality after spinal cord damage, according to a recent University of Waterloo study.


						
The research team utilized advanced analytics and machine learning, a type of artificial intelligence, to assess whether routine blood tests could serve as early warning signs for spinal cord injury patient outcomes.

More than 20 million people worldwide were affected by spinal cord injury in 2019, with 930,000 new cases each year, according to the World Health Organization. Traumatic spinal cord injury often requires intensive care and is characterized by variable clinical presentations and recovery trajectories, complicating diagnosis and prognosis, especially in emergency departments and intensive care units.

"Routine blood tests could offer doctors important and affordable information to help predict risk of death, the presence of an injury and how severe it might be," said Dr. Abel Torres Espin, a professor in Waterloo's School of Public Health Sciences.

The researchers sampled hospital data from more than 2,600 patients in the U.S. They used machine learning to analyze millions of data points and discover hidden patterns in common blood measurements, such as electrolytes and immune cells, taken during the first three weeks after a spinal cord injury.

They found that these patterns could help forecast recovery and injury severity, even without early neurological exams, which are not always reliable as they depend on a patient's responsiveness.

"While a single biomarker measured at a single time point can have predictive power, the broader story lies in multiple biomarkers and the changes they show over time," said Dr. Marzieh Mussavi Rizi, a postdoctoral scholar in Torres Espin's lab at Waterloo.




The models, which do not rely on early neurological assessment, were accurate in predicting mortality and the severity of injury as early as one to three days after admission to the hospital, compared to standard non-specific severity measures that are often performed during the first day of arrival to intensive care.

The research also found that accuracy increased over time as more blood tests became available. Although other measures, such as MRI and fluid omics-based biomarkers, can also provide objective data, they are not always readily accessible across medical settings. Routine blood tests, on the other hand, are economical, easy to obtain, and available in every hospital.

"Prediction of injury severity in the first days is clinically relevant for decision-making, yet it is a challenging task through neurological assessment alone," Torres Espin said. "We show the potential to predict whether an injury is motor complete or incomplete with routine blood data early after injury, and an increase in prediction performance as time progresses.

"This foundational work can open new possibilities in clinical practice, allowing for better-informed decisions about treatment priorities and resource allocation in critical care settings for many physical injuries."

The study, Modeling trajectories of routine blood tests as dynamic biomarkers for outcome in spinal cord injury, was published in Nature's NPJ Digital Medicine Magazine.
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Student's pinkie-sized fossil reveals a new croc species | ScienceDaily
About 95 million years ago, a juvenile crocodyliform nicknamed Elton lived in what is now southwest Montana at the edge of the Western Interior Seaway.


						
Measuring no more than 2 feet long from nose to tip of tail, young Elton was about the size of a big lizard, according to Montana State University professor of paleontology David Varricchio. Had it lived to be full grown, Elton would have measured no longer than 3 feet, far smaller than most members of the Neosuchia clade to which it and its distant relatives belong. The clade includes modern crocodilians and their closest extinct relatives, almost all of them semiaquatic or marine carnivores with simple, conical teeth.

Elton, by contrast, lived on the land, probably feasting on both plants and insects or small animals with its assortment of differently shaped and specialized teeth. Its unique anatomy reveals that it was part of a new, previously unrecognized family of crocodyliforms endemic to the Cretaceous of North America.

If not for the sharp eye of Harrison Allen, a 2023 graduate of MSU's Department of Earth Sciences in the College of Letters and Science, Elton's ancient remains may never have been discovered. But during a dig in the summer of 2021 in the Blackleaf geological formation on U.S. Forest Service land near Dillon, Allen - then a student in Varricchio's field paleontology course - noticed a fossil the size of the tip of his pinkie with a "weird texture on it."

"I brought it to Dr. Varricchio and knew it must be something good, because he said, 'Take me to where you found this,'" said Allen, who is now studying croc paleontology as a doctoral student at Stony Brook University in New York.

It was an exciting moment for Allen, originally from Kentucky, who chose MSU because it offers a paleontology track for undergraduates majoring in earth sciences. Four years and hundreds of hours of study later, he is the lead author of a paper published this week in the Journal of Vertebrate Paleontology that describes the morphology and scientific significance of the creature whose remains he found in the Blackleaf Formation.

"After the dig, Dr. Varricchio told me why he was so excited the day I found the initial specimen. It had so much visible anatomy to explore, and he could see it was a tiny, tiny croc skull, fully articulated and preserved - it was a special thing," Allen said. "We have found dinosaurs (in the Blackleaf) before, but this was the second known vertebrate animal we'd ever found in this formation."

The extinct animal, which Allen and the paper's co-authors later named Thikarisuchus xenodentes for its strange, sheathed teeth, has provided new information about the paleoecology of the Blackleaf ecosystem and about patterns of evolution in the croc family tree.




It also provided the ultimate undergraduate research project for Allen, who delved into the painstaking process of excavating, sifting and reconstructing the Thikarisuchus remains with the help of some fellow students.

"As an undergraduate student new to research, I nervously went up to Dr. Varricchio and asked if I could study this specimen," Allen said. "It led me down the rabbit hole into this amazing world of prehistoric, extinct crocs and their evolutionary niches."

The day after Allen recovered the first piece of skeleton, he and his classmates scooped up several bags of sediment from the mound where it was found. Back in Bozeman, Allen and his friend Dane Johnson, who graduated in 2022 and is now a paleontology lab and field specialist at MSU's Museum of the Rockies, spent between 10 and 20 hours sifting out fine particulate matter and dirt, eventually recovering dozens of tiny pieces of the Thikarisuchus skeleton that collectively fit into the palm of Allen's hand. As they worked, they listened to music, including Elton John's 1970s hit "Crocodile Rock." The nickname "Elton" stuck, long before the specimen was assigned the scientific name that reflects its physical traits.

Allen and Johnson recovered bits of bone from almost all areas of the animal's body, including its limbs, vertebrae, jaw and 50-millimeter-long skull. Because the fragments were tiny and exceptionally fragile, the students didn't attempt to physically reassemble them. Instead, they took them for a series of CT scans, including some at MSU's Subzero Research Laboratory. Allen estimates that he spent well over 100 hours coloring the digital, 2D segment slices that the scans produced, a process necessary to visually distinguish the bones from the rocks they were embedded in.

"Harrison worked super hard to digitally reconstruct the animal, and it came out beautifully," said Varricchio.

During the process, Allen discovered that the bones of Thikarisuchus were densely concentrated and organized in a manner consistent with fossils of organisms found in burrows in the Blackleaf Formation and the nearby Wayan Formation in Idaho. He said this suggests that Thikarisuchus was likewise preserved within a burrow, further supporting the notion that fossils recovered from these formations are biased toward those that were preserved in burrows.




The specimen also presented clues about Thikarisuchus' newly named family group Wannchampsidae and a similar group found in Eurasia known as Atopasauridae. Both groups were tiny and terrestrially adapted, and they shared certain cranial and dental features found in another more distantly related group from the Cretaceous of Africa and South America.

"It suggests that during the same time period, we're seeing convergent evolution between two distantly related groups due to similar environmental conditions, prey availability and who-knows-what that prompted crocs on opposite sides of the planet to develop similar features," Allen said.

As he works toward his Ph.D. and a career as a paleontology professor, Allen said his experiences with Elton cemented his research interest, which has since broadened to include extinct crocs from all over the world.

"The majority of diversity of crocodyliforms is in the past. There were fully marine crocs, fully terrestrial crocs, herbivorous crocs, omnivores and some that cracked shells," he said. "That amazed me and made me want to get into this more specific realm of paleontology."

Varricchio said he feels fortunate that students like Allen choose to study at MSU.

"It was a true pleasure to have Harrison as a student here - so much positive enthusiasm, followed up with great research," he said.
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How dehydration secretly fuels anxiety and health problems | ScienceDaily
Drinking too little water could increase our vulnerability to stress-related health issues, according to a new study from scientists at LJMU.


						
People who drink less than the recommended daily fluid intake experience a greater stress hormone response, which is associated with an increased risk of heart disease, diabetes and depression.

A new study, published recently in the Journal of Applied Physiology, found that individuals who drank less than 1.5 liters of fluid - or seven cups of tea - per day had a cortisol response to stress that was over 50% higher than those who met daily water intake recommendations.

Study lead Professor Neil Walsh, a physiologist in LJMU's School of Sport and Exercise Sciences, said: "Cortisol is the body's primary stress hormone and exaggerated cortisol reactivity to stress is associated with an increased risk of heart disease, diabetes and depression."

"If you know you have a looming deadline or a speech to make, keeping a water bottle close could be a good habit with potential benefits for your long-term health."

Poor long-term health 

With the project funded by Danone R&I, Neil and his team divided healthy young adults into two equally sized groups, representing the lowest and highest 25% for daily fluid intake. The 'low fluid' group consisted of individuals who typically drank less than 1.5 liters of fluid per day (water, hot drinks etc.). The 'high fluid' group included individuals who regularly met the daily water intake recommendations - 2 liters for women and 2.5 liters for men. Both groups were matched for key factors known to influence stress responses such as psychological characteristics and sleep.




Participants maintained their usual drinking habits for one week, during which hydration levels were monitored in blood and urine samples. Then participants underwent the Trier Social Stress Test, widely used to simulate real-world stress through a mock job interview and a mental arithmetic task.

Dr Daniel Kashi, a member of the study team, said: "Both groups felt equally anxious and experienced similar increases in heart rate during the stress test. However, only the 'low fluid' group showed a significant increase in saliva cortisol in response to the stress test."

He added: "Although the low fluid group did not report being thirstier than the high fluid group, they had darker and more concentrated urine, clear signs of poor hydration. An important observation was that poor hydration was associated with greater cortisol reactivity to the stress test. Exaggerated cortisol reactivity to stress has been associated with poor long-term health."
"If you have a stressful schedule, keeping a bottle of water close could be a good habit."

Dr Daniel Kashi, physiologist, LJMU

Why is dehydration harmful? 

The answer lies in the body's water-regulation system, which is closely connected to the brain's stress-response center. When the body senses dehydration, whether due to inadequate fluid intake or excessive fluid loss, it triggers the release of a hormone called vasopressin. Vasopressin acts primarily on the kidneys, promoting water reabsorption to maintain blood volume and electrolyte balance. This conservation mechanism comes at a cost. Sustained vasopressin release places additional strain on the kidneys, which must work harder to concentrate urine and manage electrolyte balance.




Vasopressin also acts on the brain's stress-response center, the hypothalamus, where it can influence the release of cortisol. This dual role for vasopressin helps maintain blood volume and electrolyte balance but also increases cortisol.

The researchers say that while further long-term studies are needed, the findings reinforce current water intake recommendations - approximately 2 liters of fluid each day for women and 2.5 liters for men.

Hydration helps us manage stress 

"Being hydrated may help your body manage stress more effectively," added Dr Kashi. A practical way to check your hydration status is to monitor your urine colour -- light yellow typically indicates good hydration.

"If you know, for example, that you have a stressful schedule, maybe a looming deadline or a speech to make, keeping a water bottle close could be a good habit with potential benefits for your long-term health."
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Can meditation apps really reduce stress, anxiety, and insomnia? | ScienceDaily
Do you have a meditation app on your smartphone, computer or wearable device? Well, you're not alone.


						
There are now thousands of meditation apps available worldwide, the top 10 of which have been collectively downloaded more than 300 million times. What's more, early work on these digital meditation platforms shows that even relatively brief usage can lead to benefits, from reduced depression, anxiety, and stress to improved insomnia symptoms.

"Meditation apps, such as Calm and Headspace, have been enormously popular in the commercial market," said J. David Creswell, a health psychologist at Carnegie Mellon University and lead author of a review paper on meditation apps, published today in the journal American Psychologist. "What they're doing now is not only engaging millions of users every day, but they're also creating new scientific opportunities and challenges."

One huge boon provided by meditation apps for users is access.

"You can imagine a farmer in rural Nebraska not having many available opportunities to go to traditional group-based meditation programs, and now they have an app in their pocket which is available 24/7," said Creswell, who is the William S. Dietrich II Professor in Psychology and Neuroscience.

Meditation apps also provide scientists with opportunities to scale up their research.

"Historically, I might bring 300 irritable bowel syndrome patients into my lab and study the impacts of meditation on pain management," said Creswell. "But now I'm thinking, how do we harness the capacity of meditation apps and wearable health sensors to study 30,000 irritable bowel syndrome patients across the world?"

Combined with products that measure heart rate and sleep patterns, such as Fitbit and the Apple Watch, meditation apps now also have the capacity to incorporate biometrics into meditation practices like never before.




The biggest takeaway, though, is that meditation apps are fundamentally changing the way these practices are distributed to the general public. Scientific studies of use patterns show that meditation apps account for 96 percent of overall users in the mental health app marketplace.

"Meditation apps dominate the mental health app market," said Creswell. "And this paper is really the first to lay out the new normal and challenge researchers and tech developers to think in new ways about the disruptive nature of these apps and their reach."

Meditation apps challenge users to train their minds, in small initial training doses

As with in-person meditation training, meditation apps start by meeting users where they are. Introductory courses may focus on breathing or mindfulness, but they tend to do so in small doses, the merits of which are still being debated.

According to the data, just 10 to 21 minutes of meditation app exercises done three times a week is enough to see measurable results.

"Of course, that looks really different from the daily meditation practice you might get within an in-person group-based meditation program, which might be 30 to 45 minutes a day," said Creswell.




The a la carte nature of meditation through a smartphone app may appeal to those pressed for time or without the budget for in-person coaching sessions. Users may also find it comforting to know that they have access to guided meditation on-demand, rather than at scheduled places, days, and times.

"Maybe you're waiting in line at Starbucks, and you've got three minutes to do a brief check-in mindfulness training practice," said Creswell.

Finally, as meditation apps continue to evolve, Creswell believes integration of AI, such as meditation-guiding chat-bots, will only become more common, and this will offer the option of even more personalization. This could mark an important development for meditation adoption at large, as offerings go from one-size-fits all group classes to training sessions tailored to the individual.

"People use meditation for different things, and there's a big difference between someone looking to optimize their free-throw shooting performance and someone trying to alleviate chronic pain," said Creswell, who has trained Olympic athletes in the past.

The elephant in the room

Of course, with new technology comes new challenges, and for meditation apps, continued engagement remains a huge problem.

"The engagement problem is not specific to meditation apps," said Creswell. "But the numbers are really sobering. Ninety-five percent of participants who download a meditation app aren't using it after 30 days."

If the meditation app industry is going to succeed, it will need to find ways to keep its users engaged, as apps like Duolingo have. But overall, Creswell said the market demand is clearly there.

"People are suffering right now. There are just unbelievably high levels of stress and loneliness in the world, and these tools have tremendous potential to help," he said.

"I don't think there is ever going to be a complete replacement for a good, in-person meditation group or teacher," said Creswell. "But I think meditation apps are a great first step for anyone who wants to dip their toes in and start training up their mindfulness skills. The initial studies show that these meditation apps help with symptom relief and even reduce stress biomarkers."
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This vibrant moth fooled scientists for generations | ScienceDaily
A beautiful, colorful moth, previously mistaken for over a century, has been revealed as a new species by entomologist Dr Peter Huemer of the Tyrolean State Museum Ferdinandeum in Innsbruck, Austria.


						
Described in the open-access journal Alpine Entomology, the new species, now officially named Carcina ingridmariae, had long been overlooked due to its close resemblance to the widespread oak carcina (Carcina quercana), a moth familiar across Europe and first described in 1775.

Despite its vibrant pink and yellow hues, Carcina ingridmariae escaped detection until advances in DNA barcoding revealed significant genetic differences of more than 6% from its lookalike relative. Subsequent analysis of the insects' sexual organs confirmed the molecular findings, leading to the revelation that two distinct species have been hiding in plain sight.

The new species has a wingspan of about 2 cm, and is found across the eastern Mediterranean, from Croatia and Greece to Cyprus and Turkey. Its larvae likely feed on various oak species, similar to its counterpart. However, dedicated studies on its biology and distribution remain ongoing.

In recognition of enduring support throughout his career, Dr Huemer dedicated the discovery to his wife, Ingrid Maria, naming the moth after her on their 42nd wedding anniversary.

Huemer, who has described more than 200 species from Europe over 35 years said: "It is without doubt the prettiest species I have encountered in my long scientific career, even though it is still unnamed." It was therefore "obvious" to Huemer that the new species should be given his wife's name.
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Insects are disappearing from the last places we thought were safe | ScienceDaily
A new study from the University of North Carolina at Chapel Hill shows that insect populations are rapidly declining even in relatively undisturbed landscapes, raising concerns about the health of ecosystems that depend on them.


						
Keith Sockman, associate professor of biology at UNC-Chapel Hill, quantified the abundance of flying insects during 15 seasons between 2004 and 2024 on a subalpine meadow in Colorado, a site with 38 years of weather data and minimal direct human impact. He discovered an average annual decline of 6.6% in insect abundance, amounting to a 72.4% drop over the 20-year period. The study also found that this steep decline is associated with rising summer temperatures.

"Insects have a unique, if inauspicious position in the biodiversity crisis due to the ecological services, such as nutrient cycling and pollination, they provide and to their vulnerability to environmental change," Sockman said. "Insects are necessary for terrestrial and fresh-water ecosystems to function."

The findings address a critical gap in global insect research. While many reports of insect declines focus on habitats altered by human activity, few examine populations in relatively pristine areas. This study demonstrates that dramatic losses can occur even where direct human impacts are minimal, suggesting climate change may be a key driver.

"Several recent studies report significant insect declines across a variety of human-altered ecosystems, particularly in North America and Europe," Sockman said. "Most such studies report on ecosystems that have been directly impacted by humans or are surrounded by impacted areas, raising questions about insect declines and their drivers in more natural areas."

Sockman emphasizes the urgency of these results for biodiversity conservation: "Mountains are host to disproportionately high numbers of locally adapted endemic species, including insects. Thus, the status of mountains as biodiversity hotspots may be in jeopardy if the declines shown here reflect trends broadly."

This research highlights the need for more comprehensive monitoring of insect populations in a variety of landscapes and adds urgency to addressing climate change. By showing that even remote ecosystems are not immune, the study underscores the global scale of the biodiversity crisis.
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Dementia-like clumps found in cells before cancer strikes | ScienceDaily
Cancer Research UK-funded scientists have uncovered dementia-like behavior in pancreas cells at risk of turning into cancer. The findings provide clues that could help in the treatment and prevention of pancreatic cancer, a difficult-to-treat disease linked to 6,900 deaths in the UK every year.*


						
The research was published on August 15 in the journal Developmental Cell, and was funded by Cancer Research UK, with additional support from Wellcome, theMedical Research Council, and the Biotechnology and Biological Sciences Research Council.

Researchers from the Cancer Research UK Scotland Centre studied pancreas cells in mice over time, to see what was causing healthy cells to turn into cancer cells. They discovered that pancreatic cells at risk of becoming cancerous, known as pre-cancers, develop faults in the cell's recycling process (known as "autophagy").

In pre-cancer cells, the researchers noticed excess "problem protein" molecules forming clumps - behavior seen in neurological diseases such as dementia. The researchers also noticed similar clumping occurring in human pancreas samples, suggesting this happens during pancreatic cancer development.

Cancer Research UK Senior Fellow at the Institute of Genetics and Cancer at the University of Edinburgh, Professor Simon Wilkinson, said: "Our research shows the potential role autophagy disruption plays in the beginnings of pancreatic cancer. While early stage, we can potentially learn from research into other diseases where we see protein clumping, such as dementia, to better understand this aggressive type of cancer and how to prevent it."

Although survival for many types of cancer has improved over recent decades, this has not been the case for pancreatic cancer. This is partly because it is often diagnosed at a late stage, where treatment options are limited.** To address this, the researchers wanted to learn more about what may be causing pancreas cells to turn into cancer.

Multiple cancer types, including pancreatic cancer, are linked to a faulty mutation in a gene called KRAS, but scientists are increasingly learning that genetic changes are not the whole story.




One of the ways cells keep people healthy is by breaking down excess molecules they no longer need, through a recycling process called "autophagy." Autophagy is particularly important in the pancreas to control the level of digestive proteins and hormones the pancreas produces to help break down food.

Scientists have studied autophagy in detail over many years and are learning the key role it plays in diseases such as cancer. In some cases, cancer cells can become "addicted" to autophagy, hijacking the recycling process to help cancer cells divide and grow more quickly***.

This research, on the other hand, suggests the combined effect of the faulty KRAS gene and disrupted autophagy could be driving the development of pancreatic cancer. The researchers plan to study these processes in more detail, to see if they can help predict or possibly reverse the start of pancreatic cancer, and if factors like age, sex, or diet play a role.

Executive Director of Research and Innovation at Cancer Research UK, Dr Iain Foulkes, said:

"Around 10,500 people are diagnosed with pancreatic cancer in the UK each year and, sadly, too many of those cases are found at a stage where treatment options are limited. While further work is needed, these findings could provide vital clues into how we can better understand how pancreatic cancer develops."

Research into pancreatic cancer is one of Cancer Research UK's top priorities. We fund research into the causes of pancreatic cancer, tests to diagnose the disease, and clinical trials designed to look at improving treatment, reducing side effects, and controlling symptoms**.




The paper, titled "ER-phagy and proteostasis defects prime pancreatic epithelial state changes in KRAS-mediated oncogenesis" was published on August 15 in Developmental Cell.

Notes 

*Pancreatic cancer statistics. Cancer Research UK. https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/pancreatic-cancer. Accessed July 2025.

**Research into pancreatic cancer. Cancer Research UK. https://www.cancerresearchuk.org/about-cancer/pancreatic-cancer/research-clinical-trials/pancreatic-cancer. Accessed July 2025.

***Pimentel et al. Autophagy and cancer therapy. Cancer Letter. 2024. doi: 10.1016/j.canlet.2024.217285.
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Hidden brain signal reveals Alzheimer's years before symptoms | ScienceDaily
TSPO, a key biomarker of brain inflammation, could help detect Alzheimer's disease years before memory loss and other symptoms set in - potentially leading to advances in how the disease is diagnosed and treated, according to a study published in Acta Neuropathologica.


						
"This is the first study to really examine how early this biomarker increases and where it begins rising in the brain," said Tomas R. Guilarte, lead researcher and dean of FIU's Robert Stempel College of Public Health & Social Work. "If we can use this information to help delay Alzheimer's progression by even five years, it can drastically improve patients' lives and reduce disease prevalence."

Guilarte, an internationally established expert on TSPO (or translocator protein 18 kDa) has studied the protein for more than three decades. His work helped establish it as a reliable imaging biomarker used in diagnosing neuroinflammation in various neurodegenerative, neurological and psychiatric disorders.

For this study, Guilarte and his team used advanced imaging software to track TSPO levels in genetically engineered mouse models of familial Alzheimer's and confirmed their findings using human brain tissue donated by members of the world's largest group of individuals with early-onset familial Alzheimer's, located in Antioquia, Colombia.

These families carry the "paisa" mutation, identified by the late Dr. Francisco Lopera, one of the authors of the study, who remained dedicated to finding ways to prevent Alzheimer's disease. For carriers of this mutation, symptoms typically begin in their 30s to 40s; they die in their 50s.

In the mouse model, researchers detected elevated TSPO levels in the subiculum - a critical part of the hippocampus - as early as six weeks of age, roughly equivalent to age 18-20 in humans. Microglia, the brain's main immune cells, specifically those clustered around amyloid plaques, had the highest levels of TSPO. Notably, female mice had higher TSPO levels, mirroring real-world statistics: two-thirds of Alzheimer's patients are women.

The brain tissue samples from the Colombian patients with the paisa mutation showed the same pattern. Even in late-stage Alzheimer's, TSPO remained high in microglia near plaques. These results raise new questions about TSPO's function - whether it contributes to damage or protects the brain - and whether blocking or enhancing it could halt disease progression.

The team is now working with a specially developed Alzheimer's mouse model lacking TSPO to explore these questions further. They're also expanding the study to include sporadic, late-onset Alzheimer's cases, the form that accounts for over 90% of all diagnoses.

"The more we understand these processes," said Daniel Martinez Perez, first author and Ph.D. candidate in Guilarte's lab, "the closer we get to tailoring treatments that can truly help - before it's too late."
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This surprising building material is strong, cheap, and sustainable | ScienceDaily
Engineers in Australia have developed a new building material with about one quarter of concrete's carbon footprint, while reducing waste going to landfill.


						
This innovative material, called cardboard-confined rammed earth, is composed entirely of cardboard, water and soil - making it reusable and recyclable.

In Australia alone, more than 2.2 million tons of cardboard and paper are sent to landfill each year. Meanwhile, cement and concrete production account for about 8% of annual global emissions.

Cardboard has previously been used in temporary structures and disaster shelters, such as Shigeru Ban's iconic Cardboard Cathedral in Christchurch, New Zealand.

Inspired by such designs, the RMIT University team has, for the first time, combined the durability of rammed earth with the versatility of cardboard.

Why it matters

Lead author Dr Jiaming Ma from RMIT said the development of cardboard-confined rammed earth marked a significant advancement toward a more sustainable construction industry.




"Modern rammed earth construction compacts soil with added cement for strength. Cement use is excessive given the natural thickness of rammed earth walls," he said.

But cardboard-confined rammed earth, developed at RMIT University, eliminates the need for cement and boasts one quarter of the carbon footprint at under one third of the cost, compared to concrete.

"By simply using cardboard, soil and water, we can make walls robust enough to support low-rise buildings," Ma said.

"This innovation could revolutionize building design and construction, using locally sourced materials that are easier to recycle.

"It also reflects the global revival of earth-based construction fueled by net zero goals and interest in local sustainable materials."

Practical benefits

The cardboard-confined rammed earth can be made on the construction site by compacting the soil and water mixture inside the cardboard formwork, either manually or with machines.




Study corresponding author and leading expert in the field of structural optimization, Emeritus Professor Yi Min 'Mike' Xie, said this advancement can spearhead a leaner, greener approach to construction.

"Instead of hauling in tonnes of bricks, steel and concrete, builders would only need to bring lightweight cardboard, as nearly all material can be obtained on site," Xie said.

"This would significantly cut transport costs, simplify logistics and reduce upfront material demands."

Ma said cardboard-confined rammed earth could be an effective solution for construction in remote areas, such as regional Australia, where red soils - ideal for rammed earth construction - are plentiful.

"Rammed earth buildings are ideal in hot climates because their high thermal mass naturally regulates indoor temperatures and humidity, reducing the need for mechanical cooling and cutting carbon emissions," he said.

The mechanical strength of the novel material varies based on the thickness of the cardboard tubes.

Ma said the team has developed the formula for this strength design.

"We've created a way to figure out how the thickness of the cardboard affects the strength of the rammed earth, allowing us to measure strength based on cardboard thickness," Ma said.

In a separate study lead by Ma, carbon fiber was combined with rammed earth, proving it had a comparable strength to high-performance concrete.

Ma and the team are ready to partner with various industries to further develop this new material so it can be used widely.
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Childhood plastic exposure could be fueling obesity, infertility, and asthma | ScienceDaily
Childhood exposure to chemicals used to make plastic household items presents growing health risks that can extend long into adulthood, experts from NYU Langone Health report.


						
This is the main conclusion after a review of hundreds of the latest studies on the topic, publishing online Sept. 21 in the journal The Lancet Child & Adolescent Health.

The article is being released to coincide with a gathering of experts the same week in New York City to discuss the global impact of plastics on human health.

In their report, the authors outline decades of evidence that substances often added to industrial and household goods may contribute to disease and disability, particularly when they are encountered early in life. The review focuses on three classes of chemical -- phthalates used to make plastic flexible, bisphenols, which provide rigidity, and perfluoroalkyl substances (PFAS), which help materials resist heat and repel water.

The results of the studies, which together assessed thousands of pregnant mothers, fetuses, and children, tied these toxins to a wide range of long-term health concerns, including heart disease, obesity, infertility, and asthma.

"Our findings point to plastic's role in the early origins of many chronic diseases that reverberate into adolescence and adulthood," said study lead author and pediatrician Leonardo Trasande, MD, MPP. "If we want kids to stay healthy and live longer, then we need to get serious about limiting the use of these materials," added Trasande, the Jim G. Hendrick, MD, Professor of Pediatrics at NYU Grossman School of Medicine.

The chemicals are found in a range of items, such as food packaging, cosmetics, and paper receipts, notes Trasande, who is also a professor in the Department of Population Health. Experts have found that as plastics are used, heated, or chemically treated, microplastic and nanoparticles are released and become ingested.




Chemicals used in plastic materials have been shown to prompt an overactive immune response (inflammation) throughout the body's tissues as well as disrupt the function of hormones that influence many bodily processes. The substances are also believed to affect brain development, with numerous studies linking early-life exposure to IQ loss and neurodevelopmental issues such as autism and attention deficit hyperactivity disorder.

The Lancet review also explored strategies to reduce the use of plastic and to help safeguard human health.

"There are safe, simple steps that parents can take to limit their children's plastic exposure without breaking the bank," said Trasande, who serves as director of NYU Grossman School of Medicine's Division of Environmental Pediatrics and NYU Langone Health's Center for the Investigation of Environmental Hazards.

Replacing plastic containers with glass or stainless steel, and avoiding microwaving and dishwashing plastic, have proved helpful, he says.

Trasande adds that by offering clear guidance, health care providers can empower parents to make informed decisions about the products they use and steer them toward safer options. He also suggests that clinicians partner with schools and community organizations to engage younger generations about the health risks of plastic exposure.

At the policy level, the researchers call for stricter regulatory measures to reduce the use of nonessential plastic items, particularly in low-income communities with profound heath disparities.




Their review comes on the heels of the most recent round of negations for the United Nations' Global Plastics Treaty, which took place in Geneva last month. The developing treaty represents an international effort to tackle plastic pollution, with more than 100 countries calling for legally binding caps on production.

According to Trasande, the findings in the article support the urgent need for a strong agreement to help protect not only the environment but human health as well.

He notes that while the economic value of the plastics industry is commonly raised as a barrier to enacting regulations, the resulting health care costs from exposure are enormous, with his research estimates reaching roughly $250 billion per year in the United States alone.

The Global Plastics Treaty will be part of the discussion during NYU Langone Health's 2025 Plastics, Human Health, and Solutions Symposium. At the event, experts will discuss the latest research on the health impact of microplastics, recent policy developments, and the critical role of regulations in addressing this public health crisis.

Despite its health risks, plastic can play an essential role in pediatric medicine, such as its use in ventilators and feeding tubes for premature infants, nebulizers for children with asthma, and masks that help prevent the spread of infection. The findings, the researchers say, do not challenge the need for the material in health care but instead highlight the dangers of its unnecessary use elsewhere.

The symposium will be held at NYU Langone Health on Sept. 22. The event will also be live streamed on YouTube for registered attendees.

Funding for the study was provided by National Institutes of Health grants R01ES022972, R01ES029779, R01ES032214, R01ES034793, and P2CES033423. Further funding was provided by several Argentinian foundations as well as the Science Fund of the Republic of Serbia.

Along with Trasande, Marina Olga Fernandez, PhD, at the National Council for Scientific and Technical Research in Buenos Aires, Argentina, serves as study senior author.

Another study co-investigator is Aleksandra Buha Dordevic, PhD, at the University of Belgrade in Serbia.
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Sneezing from cats or dust? Safe UV light may neutralize allergens in minutes | ScienceDaily
Cats. Dust mites. Mold. Trees.


						
For people with allergies, even a brief whiff of the airborne allergens these organisms produce can lead to swollen eyes, itchy skin and impaired breathing.

Such allergens can persist indoors for months after the original source is gone, and repeated exposure can exacerbate, and even lead to, asthma.

What if you could just flip a switch and disable them? You can, according to new University of Colorado Boulder research.

"We have found that we can use a passive, generally safe ultraviolet light treatment to quickly inactivate airborne allergens," said study author Tess Eidem, a senior research associate in the Department of Civil, Environmental and Architectural Engineering.

"We believe this could be another tool for helping people fight allergens in their home, schools or other places where allergens accumulate indoors."

The findings were published in August in the journal ACS ES&T Air.




Why you can't kill an allergen

Walk into a room with a cat and, if you sneeze, it's not actually the cat you are reacting to. It's likely airborne flecks of a protein called Fel d1 produced in their saliva. The protein spreads when they lick themselves and ends up in microscopic flakes of dead skin floating in the air, a.k.a. dander. When we inhale these particles, our immune system produces antibodies that bind to the protein's unique 3D structure, kicking off an allergic reaction.

Dogs, mice, dust mites, mold and plants all emit their own unique proteins, with their own unique structure. Unlike bacteria and viruses, these allergens can't be killed because they were never alive.

"After those dust mites are long gone, the allergen is still there," said Eidem. "That's why, if you shake out a rug, you can have a reaction years later."

Standard methods of reducing allergens -- like vacuuming, washing walls, using an air filter and regularly bathing pets -- can work OK but are hard to maintain long-term studies show.

Eidem and co-authors Mark Hernandez, a professor of Civil, Environmental and Architectural Engineering, and Kristin Rugh, a microbiologist in the lab, sought a simpler way.




Instead of eliminating the proteins that cause allergies, they sought to change their structure -- much like unfolding an origami animal -- so the immune system wouldn't recognize them.

"If your immune system is used to a swan and you unfold the protein so it no longer looks like a swan, you won't mount an allergic response," explained Eidem.

UV light, their study suggests, can do that.

Let there be light

Previous research has shown that UV light can kill airborne microorganisms, including the virus that causes COVID-19.

It's already used widely to disinfect equipment in hospitals, airports and elsewhere, but the bandwidth is typically so strong (a wavelength of 254 nanometers) that users must wear protective equipment to prevent damage to skin and eyes.

Eidem used 222-nanometer-wavelength lights, a less-intense alternative considered safe for occupied spaces because it doesn't penetrate deep into cells. (It does not come entirely without risks, including ozone production, she notes, so exposure should be limited.)

The team pumped microscopic aerosolized allergens from mites, pet dander, mold and pollen into an unoccupied and sealed 350-cubic-foot chamber. Then they switched on four lunchbox-sized UV222 lamps on the ceiling and floor.

When they sampled the air at 10-minute intervals and compared it to untreated, allergen-filled air via laboratory tests, they saw significant differences. In the treated samples, immunorecognition was reduced, meaning the antibodies no longer recognized many of the proteins and stuck to them.

After just 30 minutes, airborne allergen levels effectively decreased by about 20% to 25% on average, the study showed.

"Those are pretty rapid reductions when you compare them to months and months of cleaning, ripping up carpet, and bathing your cat," said Eidem.

A portable allergy buster?

UV222 lights are already commercially available, mostly for industrial antimicrobial uses.

But Eidem envisions a day when companies could engineer portable versions for people to switch on when they visit a friend with a pet or clean out a dusty basement.

UV222 systems could also potentially protect workers frequently exposed to allergens, such as those who work around live animals or in cannabis grow houses where, her own research shows, allergic reactions can be deadly.

One-in-three adults and children in the United States have allergies, according to the Centers for Disease Control. Eidem hopes her research, and more to come, can provide them with some relief -- or even save lives.

"Asthma attacks kill about 10 people every day in the United States, and they are often triggered by airborne allergies," she said. "Trying to develop new ways to prevent that exposure is really important."
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The shocking reason Arctic rivers are turning rusty orange | ScienceDaily
Ice can dissolve iron minerals more effectively than liquid water, according to a new study from Umea University. The discovery could help explain why many Arctic rivers are now turning rusty orange as permafrost thaws in a warming climate.


						
The study, recently published in the scientific journal PNAS, shows that ice at minus ten degrees Celsius releases more iron from common minerals than liquid water at four degrees Celsius. This challenges the long-held belief that frozen environments slow down chemical reactions.

"It may sound counterintuitive, but ice is not a passive frozen block," says Jean-Francois Boily, Professor at Umea University and co-author of the study. "Freezing creates microscopic pockets of liquid water between ice crystals. These act like chemical reactors, where compounds become concentrated and extremely acidic. This means they can react with iron minerals even at temperatures as low as minus 30 degrees Celsius."

To understand the process, the researchers studied goethite - a widespread iron oxide mineral - together with a naturally occurring organic acid, using advanced microscopy and experiments.

They discovered that repeated freeze-thaw cycles make iron dissolve more efficiently. As the ice freezes and thaws, organic compounds that were previously trapped in the ice are released, fuelling further chemical reactions. Salinity also plays a crucial role: fresh and brackish water increase dissolution, while seawater can suppress it.

The findings apply mainly to acidic environments, such as mine drainage sites, frozen dust in the atmosphere, acid sulfate soils along the Baltic Sea coast, or in any acidic frozen environment where iron minerals interact with organics. The next step is to find out if the same is true for all iron-bearing ice. This is what ongoing research in the Boily laboratory will soon reveal.

"As the climate warms, freeze-thaw cycles become more frequent," says Angelo Pio Sebaaly, doctoral student and first author of the study. "Each cycle releases iron from soils and permafrost into the water. This can affect water quality and aquatic ecosystems across vast areas."

The findings show that ice is not a passive storage medium, but an active player. As freezing and thawing increase in polar and mountain regions, for the impact on ecosystems. and the natural cycling of elements could be significant.
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Scientists finally capture water's hidden state that's both solid and liquid | ScienceDaily
Despite being one of the most familiar substances on Earth, water holds many secrets that scientists are still working to understand. When confined to extremely small spaces -- such as within certain proteins, minerals, or artificial nanomaterials -- water behaves in ways that are drastically different from its bulk liquid form. These confinement effects are critical for many natural and technological processes, including regulating the flow of ions through cell membranes and the properties of nanofluidic systems.


						
One intriguing yet poorly understood state of confined water is called the 'premelting state.' In this unique phase, water behaves as if it were on the cusp of freezing and melting at the same time, thus defying simple liquid or solid classifications. However, it has proven difficult to study the premelting state and other confined water dynamics in detail. While techniques such as diffraction methods (example: X-ray analysis) are useful for pinpointing the positions of atoms other than hydrogen, they are not sensitive enough to capture the picosecond-scale rotational motion of hydrogen and the motion of individual water molecules.

In a recent study, a research team led by Professor Makoto Tadokoro alongside Lecturer Fumiya Kobayashi and first-year PhD student Mr. Tomoya Namiki, from the Department of Chemistry, Tokyo University of Science, Japan, shed new light on the mysteries of confined water. Their paper, published online in the Journal of the American Chemical Society on August 27, 2025, reports how they used static solid-state deuterium nuclear magnetic resonance (NMR) spectroscopy to observe the hierarchical dynamics of water confined within the hydrophilic nanopores of a molecular crystal and characterized the premelting state, which is a new phase observed in water.

To perform their experiments, the team produced hexagonal rod-like crystals, with quasi-one-dimensional channels containing a nanopore approximately 1.6 nm in diameter and filled them with heavy water (D2O). By measuring the NMR spectra of a single crystal of {[Co(D2bim)3](TMA).20D2O}n at room temperature, the researchers were able to confirm the existence of a hierarchical, three-layered structure in the contained water molecules. The unique peaks observed in the spectra corresponded to every layered structures with distinct movements and hydrogen-bonding interactions with one another of the confined water, providing clear evidence of multi-layered organization. Furthermore, water confined in the nanopores freezes in a different structure from bulk ice and first melts through a distorted hydrogen-bonded structure, leading to the formation of a premelting state.

To gain insights into the premelting state, the researchers heated the crystal gradually from low temperature to get the water from a frozen state to a liquid state. They observed distinct changes in the NMR spectra that confirmed a phase transition into the premelting state, and their measurements revealed the presence of two seemingly contradictory states. "The premelting state involves the melting of incompletely hydrogen-bonded H2O before the completely frozen ice structure starts melting during the heating process. It essentially constitutes a novel phase of water in which frozen H2O layers and slowly moving H2O coexist," explains Prof. Tadokoro.

The researchers measured the spin-lattice relaxation time to quantify the rotational mobility of the heavy water molecules in this new phase. While the activation energy for the premelting state was far from that of bulk ice, the correlation time was remarkably close to that of bulk liquid water. Simply put, this means that while the water molecules' positions were relatively fixed as one would expect of a solid, their rotational motions were extremely fast and liquid-like.

Taken together, these findings build toward a more comprehensive understanding of how water behaves in extreme confinement. They clarify crucial structural and dynamic aspects, which are important for understanding how water and ions permeate through biological proteins and membranes. Looking ahead, these insights could also lead to practical innovations. "By creating new ice network structures, it may be possible to store energetic gases such as hydrogen and methane and develop water-based materials such as artificial gas hydrates," says Prof. Tadokoro. Controlling the freezing properties of water based on the structure of ice could lead to the creation of new, inexpensive, and safe hydrosphere materials.

Overall, this study ultimately demonstrates that even a substance as common as water still holds fundamental secrets waiting to be unlocked.

This work was supported by JSPS KAKENHI Grant-in-Aid for Scientific Research (B) JP23K26672 and JSPS KAKENHI Grant-in-Aid for Early-Career Scientists JP23K13767 from the Ministry of Education, Culture, Sports, Science, and Technology, Japan.
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A hormone that silences the immune system may unlock new cancer treatments | ScienceDaily
Researchers at UT Southwestern Medical Center have discovered how a hormone interacts with a receptor on the surface of immune cells to shield cancer cells from the body's natural defenses. The findings, published in Nature Immunology, could lead to new immunotherapy approaches for treating cancer as well as potential treatments for inflammatory disorders and neurologic diseases.


						
"Myeloid cells are among the first group of immune cells recruited to tumors, but very quickly these tumor-fighting cells turn into tumor-supporting cells. Our study suggests that receptors on these myeloid cells get stimulated by this hormone and end up suppressing the immune system," said Cheng Cheng "Alec" Zhang, Ph.D., Professor of Physiology and a member of the Harold C. Simmons Comprehensive Cancer Center at UT Southwestern. Dr. Zhang co-led the study with first author Xing Yang, Ph.D., a postdoctoral researcher in the Zhang Lab.

Current immunotherapies, such as immune checkpoint inhibitors, are effective for only about 20%-30% of cancer patients, Dr. Zhang said, suggesting that there are multiple ways that cancers evade attack from the immune system.

Several years ago, researchers in the Zhang Lab studying cancer-fighting immune cells called myeloid cells identified an inhibitory receptor called LILRB4. Stimulating this receptor blocked the myeloid cells' ability to attack tumors.

Dr. Zhang, Dr. Yang, and their colleagues then did a genome-wide screen of all proteins that might interact with LILRB4. A promising hit was a hormone called SCG2. Although researchers have suggested that SCG2 plays a role in immune response, its function and receptor were unknown. Laboratory experiments confirmed that SCG2 binds to LILRB4, kicking off a signaling cascade that turned off the cancer-fighting abilities of myeloid cells and inhibited their ability to recruit cancer-fighting T cells to tumors.

In mice genetically altered to express the human form of LILRB4, injected cancer cells that produced SCG2 grew rapidly as tumors. Treating these mice with an antibody that blocks LILRB4 significantly slowed cancer growth, as did artificially ridding the animals' bodies of SCG2.

Together, these experiments suggest that interactions between LILRB4 and SCG2 allow cancer to grow unchecked by myeloid cells, T cells, and potentially other immune cell types. Dr. Zhang suggested that disrupting this interaction could someday offer a new immunotherapy option to treat cancer. Conversely, because this interaction neutralizes myeloid cells' immune activity, delivering extra SCG2 could be a promising treatment for autoimmune or inflammatory disorders spurred by myeloid cells. Dr. Zhang and his colleagues plan to investigate both ideas in future studies.




Other UTSW researchers who contributed to this study include Xuewu Zhang, Ph.D., Professor of Pharmacology and Biophysics; Cheryl Lewis, Ph.D., Associate Professor in the Simmons Cancer Center and of Pathology; Lin Xu, Ph.D., Assistant Professor in the Peter O'Donnell Jr. School of Public Health and of Pediatrics; Jingjing Xie, Ph.D., Instructor of Physiology; Qi Lou, Ph.D., Assistant Instructor of Physiology; Lei Guo, Ph.D., Computational Biologist; and Meng Fang, Ph.D., Chengcheng Zhang, Ph.D., Ankit Gupta, Ph.D., and Lianqi Chen, Ph.D., postdoctoral researchers.

Dr. Alec Zhang holds the Hortense L. and Morton H. Sanger Professorship in Oncology and is a Michael L. Rosenberg Scholar in Medical Research. Dr. Xuewu Zhang and Dr. Xu are members of the Simmons Cancer Center.

This study was funded by grants from the National Cancer Institute (NCI) (R01CA248736, R01CA263079, and Lung Cancer 779 SPORE Development Research Program), the Cancer Prevention and Research Institute of Texas (RP220032, RP15150551, RP190561), The Welch Foundation (AU-0042-20030616, I-1702), Immune-Onc Therapeutics Inc. (Sponsored Research Grant No. 111077), the National Institutes of Health (R35GM130289), and NCI Cancer Center Support Grant (P30CA142543).

The University of Texas has a financial interest in Immune-Onc in the form of equity and licensing. Dr. Alec Zhang holds equity in and had sponsored research agreements with Immune-Onc.
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When cancer cells feel squeezed, they become more dangerous | ScienceDaily
Cancer cells are notoriously flexible, taking on new features as they move around the body. Many of these changes are due to epigenetic modifications, which influence how DNA is packaged, and not due to mutations in the DNA itself. Such modifications are difficult to target for cancer therapy because they are reversible and can flip on and off.


						
Epigenetic changes have traditionally been thought to arise from internal cellular processes that result in the chemical tagging of DNA and its histone protein packaging -- such as histone methylation or DNA acetylation. But now a new study led by Ludwig Oxford's Richard White and Miranda Hunter of the Memorial Sloan Kettering Cancer Center and reported in the current issue of Nature shows that the physical environment in which these cells land is also a key instigator of epigenetic transformation.

Using a zebrafish model of melanoma, White, Hunter and their colleagues show that when tumor cells are tightly confined by surrounding tissues, they undergo structural and functional changes. Rather than continuing to divide rapidly, the cells activate a program of 'neuronal invasion', enabling them to migrate and spread into the surrounding tissue.

At the center of this transformation is HMGB2: a DNA-bending protein. The study demonstrates that HMGB2 responds to the mechanical stress of confinement by binding to chromatin, altering how genetic material is packaged. This exposes regions of the genome linked to invasiveness, making them newly available for gene expression. As a result, cells with high levels of HMGB2 become less proliferative but more invasive and resistant to treatment.

The team also found that melanoma cells adapt to this external pressure by remodeling their internal skeleton, forming a cage-like structure around the nucleus. This protective shield involves the LINC complex, a molecular bridge that connects the cell's skeleton to the nuclear envelope, helping to protect the nucleus from rupture and DNA damage caused by confinement-induced stress.

"Cancer cells can rapidly switch between different states, depending on cues within their environment," White explained. "Our study has shown that this switch can be triggered by mechanical forces within the tumor microenvironment. This flexibility poses a major challenge for treatment, as therapies targeting rapidly dividing cells may miss those that have transitioned to an invasive, drug-resistant phenotype. By identifying the factors that are involved in this switch, we hope to able to develop therapies that prevent or even reverse the invasive transformation."

The findings highlight the role of the tumor microenvironment in shaping cancer cell behavior, showing how physical cues can drive cells to reorganize their cytoskeleton, nucleus and the architecture of their genomic packaging to shift between states of growth and invasion.

Most notably, however, the study also demonstrates how physical stress can act as a potent -- and underappreciated -- driver of epigenetic change.

This study was supported by the Ludwig Institute for Cancer Research, National Cancer Institute, the Cancer Research Society, the Canadian Institutes of Health Research, the U.S. National Institutes of Health, the Melanoma Research Alliance, The Debra and Leon Black Family Foundation, the Pershing Square Sohn Foundation, The Mark Foundation, The Alan and Sandra Gerry Metastasis Research Initiative at MSKCC, The Harry J. Lloyd Foundation, Consano, the Starr Cancer Consortium and the American Cancer Society.

Richard White is a member of the Oxford Branch of the Ludwig Institute for Cancer Research and a professor of genetics at the University of Oxford, Nuffield Department of Medicine.
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Want a younger brain? Harvard researchers say eat like this | ScienceDaily
Following a green-Mediterranean diet -- which includes green tea and the aquatic plant Mankai -- is associated with slower brain aging, according to a study.


						
The study, published recently in the journal Clinical Nutrition, was co-authored by researchers at Ben-Gurion University, Harvard T.H. Chan School of Public Health, and the University of Leipzig.

Neurological conditions, including mild cognitive impairment and Alzheimer's disease, have been associated with a higher brain age gap -- a brain that's "older" than would be predicted given a person's chronological age. To evaluate the impact of diet on brain age, researchers analyzed data from around 300 participants in the DIRECT PLUS trial, one of the longest-running studies on the link between brain and diet. Over the course of 18 months, the participants consumed one of three diets: a standard healthy diet; a traditional calorie-restricted Mediterranean diet, which was low in simple carbohydrates, rich in vegetables, and replaced red meat with poultry and fish; and the green-Mediterranean diet, which additionally included green tea and Mankai.

When the researchers measured protein levels in the participants' blood, they found that higher levels of certain proteins were associated with accelerated brain aging. Further, they found that those protein levels decreased in participants who followed the green-Mediterranean diet. The researchers hypothesized that the protective effect of the diet could be a result of the anti-inflammatory molecules contained in green tea and Mankai.

"Studying the circulating proteins in blood allows us to observe, in a real-life setting, how the brain's aging processes are influenced by lifestyle and dietary changes," said Anat Meir, postdoctoral research fellow at Harvard Chan School, who co-led the study. "This approach gives us a dynamic window into brain health, helping to reveal biological changes long before symptoms may appear. By mapping these protein signatures, we gain powerful new insight into how interventions, such as diet, may help preserve cognitive function as we age."

Senior author of the study was Iris Shai, adjunct professor of nutrition at Harvard Chan School. Other Harvard Chan School co-authors included Dong Wang, Frank Hu, and Meir Stampfer.
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Why alcohol blocks the liver from healing, even after you quit | ScienceDaily
Excessive alcohol consumption can disrupt the liver's unique regenerative abilities by trapping cells in limbo between their functional and regenerative states, even after a patient stops drinking, researchers at University of Illinois Urbana-Champaign and collaborators at Duke University and the Chan Zuckerberg Biohub Chicago describe in a new study.


						
This in-between state is a result of inflammation disrupting how RNA is spliced during the protein-making process, the researchers found, providing scientists with new treatment pathways to explore for the deadly disease. The researchers published their findings in the journal Nature Communications.

The liver has a remarkable ability to regenerate itself after damage or partial removal. However, it loses that ability in patients with alcohol-associated liver disease -- the leading cause of liver-related mortality worldwide, resulting in roughly 3 million deaths annually.

"We knew that the liver stops functioning and stops regenerating in patients with alcohol-related hepatitis and cirrhosis, even when a patient has discontinued consuming alcohol, but we didn't know why," said U. of I. biochemistry professor Auinash Kalsotra, who co-led the study with Duke University School of Medicine professor Anna Mae Diehl. "The only real life-saving treatment option once a patient reaches the liver failure stage in those diseases is transplantation. But if we understood why these livers were failing, maybe we could intervene."

Both the Kalsotra and Diehl labs havestudied the molecular and cellular underpinnings of liver regeneration. Over the last five years, they found that in order to regenerate, liver cells reprogram their gene expression to revert to fetal-like progenitor cells, multiply and then reverse the process back to become mature functioning cells again. Armed with this knowledge, the group turned to the question of how those mechanisms were disrupted in alcohol-associated liver disease.

The researchers compared samples of healthy livers and samples of livers with alcohol-associated hepatitis or cirrhosis obtained from Johns Hopkins University Hospital through an initiative supported by the National Institute for Alcohol Abuse and Alcoholism, part of the National Institutes of Health.

The first thing the researchers noticed in diseased livers was that, although damaged cells had begun the process of reverting to the regenerative state, they did not complete the process and instead remained in transitional limbo.




"They are neither functional adult cells nor proliferative progenitor cells. Since they are not functioning, more pressure builds on the remaining cells. So they try to regenerate, and they're all ending up in this unproductive quasi-progenitor state, and that's what is causing liver failure," said U. of I. graduate students Ullas Chembazhi and Sushant Bangru, the co-first authors of the study.

To figure out why the cells were getting stuck in this state, the team investigated which proteins were being made by the liver cells and, in turn, the RNA molecules carrying the instructions for those proteins from the DNA to the cell's protein-building machinery.

While most studies focus only on the total amounts of RNA or protein in a cell, Kalsotra's team used deep RNA sequencing technology and computational analyses to zoom in on the splicing of RNA fragments, a key step in stitching together different parts of genetic instructions to make proteins.

"In comparing the samples, we saw RNA was getting misspliced broadly in alcohol-related liver disease, across thousands of genes, and it was affecting major functions of proteins," said Kalsotra, who also is affiliated with the Carl R. Woese Institute for Genomic Biology at Illinois.

The researchers found a possible driver of the RNA missplicing: Alcohol-damaged liver cells had a deficiency of the protein ESRP2, which binds to RNA to splice it properly.

"Proteins function at a very specific place in the cell, and that is directed by sequences within the protein that take the protein to that particular spot. We found that, in many cases, the sequence that dictates where the protein localizes within a cell was misspliced. That's why it was important that we did the multiple analyses we did," said Kalsotra, also a member of the Chan Zuckerberg Biohub Chicago. "There was the same amount of RNA and protein, but the protein was not at the right place to function. Due to missplicing, key proteins that are required for productive liver regeneration were getting stuck in the cytoplasm, when they needed to be in the nucleus."

To verify that ESRP2 deficiency was a likely culprit, the researchers studied mice without the gene that produces ESRP2. They displayed similar liver damage and regeneration failure to that seen in patients with advanced alcohol-related hepatitis.




But why was ESRP2 missing from liver cells from patients with alcohol-related hepatitis? Upon investigation, the researchers found that liver support cells and immune cells, drawn to the liver tissue damaged by alcohol processing, released high amounts of inflammatory and growth factors. Those factors suppress ESRP2 production and activity.

To verify this finding, the researchers treated liver cell cultures with a molecule that inhibits the receptor for one of the inflammation-promoting factors. ESRP2 levels recovered and splicing activity was corrected, pointing to the pathway as a possible treatment target.

"I'm hopeful these findings will become a launching pad for future clinical studies. We can use these misspliced RNAs as diagnostic markers or develop treatments that can curb the inflammation. And if we can correct the splicing defects, then maybe we can improve recovery and restore damaged livers," Kalsotra said.

The research team also included U. of I. biochemistry graduate students Diptatanu Das and Subhashis Natua; U. of I. undergraduate students Katelyn Toohill, Ishita Purwar, and Anuprova Bhowmik; Brandon Peiffer and Zhaoli Sun from Johns Hopkins University School of Medicine; Aurelia Leona and Yogesh Goyal from Northwestern University and Rajesh Dutta from Duke University School of Medicine.

The National Institutes of Health, the Chan-Zuckerberg Biohub Chicago, the Duke Endowment and the Muscular Dystrophy Association supported this work.

The National Institutes of Health supported this work through grants R01-AA010154, R01-HL126845, R21-HD104039, R01-AA010154, 5R01-DK077794, 1R56-DK1343340 and R24 AA025017.
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Hidden for 125 years, a Welsh fossil turns out to be a dinosaur | ScienceDaily
Paleontologists at the University of Bristol have officially identified a new species of dinosaur from Triassic fossil beds in South Wales, near Penarth - more than 125 years after the specimen was initially reported.


						
Using modern digital scanning techniques the researchers were able to shed new light on the fossil jawbone, which has been known since 1899 and been on display in the National Museum of Wales for many years, but was not correctly identified until now.

The fossil consists of natural molds of the jawbone in the rock and all the original bone has disappeared. So, using photo scanning, paleontology student Owain Evans was able to make a perfect 3D digital reconstruction to enable detailed study.

Owain Evans said: "This specimen has been referred to many times in scientific papers, but had yet to be successfully identified - we were not even sure whether it was dinosaur. It was named Zanclodon cambrensis by Edwin Tully Newton in 1899, but we knew the name Zanclodon had been abandoned as referring to a broad variety of early reptiles. Therefore, we name it after Newton, calling it Newtonsaurus. It is different from all other dinosaurs from around that time, and requires a distinctive name."

Professor Michael J Benton, who is the senior author on the paper, said: "The natural molds of the inner and outer faces of the jawbone show amazing detail - every groove, ridge, tooth, and even the serrations along the edges of the teeth. We decided to use digital photography to make a 3D model. We began by surface scanning the fossil using photogrammetry. Once we had our digital scan, we then inverted it - essentially giving us a digital negative of the mold. It was then a simple case of fusing the two sides together and analyzing the anatomy from there. The digital reconstruction we have extracted from the specimen gives a much better idea of what the original structure of the bone would have looked like."

Now that the fossil could be studied, the team was able to use its anatomy to piece together its position in the reptile family tree - and most crucially - whether it was a dinosaur or not.

Owain Evans said: "We can now confirm that this specimen very likely belonged to a large predatory theropod dinosaur, that roamed the shores of South Wales during the latest Triassic. It has some definite unique dinosaur features in the emplacement of the teeth, and it is a theropod -- a predatory, flesh-eating dinosaur. Otherwise, it sits near the origins of both major divisions of Theropoda, the Coelophysoidea and the Averostra.

"Most unexpected is the size of the animal. The preserved jawbone is 28 cm long, and that is just the front half, so originally the jawbone was 60 cm long, corresponding to a dinosaur with a body length of 5-7 meters. This is unusually large for a Triassic theropod, most of which were half the size or smaller."

Cindy Howells at the National Museum of Wales said: "These historical specimens are vitally important in paleontology and often yield new and exciting results - even if they have been sitting in collections for years. The Victorians were fascinated by the fossil record and prospected all across the UK for fossils. On top of this, the re-description of Newtonsaurus cambrensis once again highlights the significance of Wales in paleontological research. These Triassic beds are rare worldwide, and yet there are several across Wales. There might very well be another dinosaur waiting to be discovered."
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Tiny new lenses, smaller than a hair, could transform phone and drone cameras | ScienceDaily
A new approach to manufacturing multicolor lenses could inspire a new generation of tiny, cheap, and powerful optics for portable devices such as phones and drones.


						
The design uses layers of metamaterials to simultaneously focus a range of wavelengths from an unpolarized source and over a large diameter, overcoming a major limitation of metalenses, said the first author of the paper reporting the design, Mr Joshua Jordaan, from the Research School of Physics at the Australian National University and the ARC Centre of Excellence for Transformative Meta-Optical Systems (TMOS).

"Our design has a lot of nice features that make it applicable to practical devices."

"It's easy to manufacture because it has a low aspect ratio and each layer can be fabricated individually and then packaged together, it's also polarisation insensitive, and is potentially scalable through mature semiconductor nanofabrication platforms," Mr Jordaan said.

The project was led by researchers from the Friedrich Schiller University Jena in Germany as part of the International Research Training Group Meta-ACTIVE. The paper reporting their design is published in Optics Express.

Metalenses have thickness mere fractions of the width of a hair, which is orders of magnitude thinner than conventional lenses. They can be designed to have properties such as focal lengths that would be impossibly short for conventional optics.

Initially the team attempted to focus multiple wavelengths with a single layer, but they hit up against some fundamental constraints, Mr Jordaan said.




"It turns out the maximum group-delay attainable in a single-layer metasurface has physical limitations, and these in turn set upper bounds on the product of the numerical aperture, physical diameter and operating bandwidth."

"To work at the wavelength range we needed, a single layer would either have to have a very small diameter, which would defeat the purpose of the design, or basically have such a low numerical aperture that it's hardly focusing the light at all," he said.

"We realized we needed a more complex structure, which then led to a multi-layer approach."

With the design shifted to incorporating several metalens layers, the team approached the problem with an inverse design algorithm based on shape optimization, with parameterization that meant a lot of degrees of freedom.

They guided the software to search for metasurface shapes that, for a single wavelength, created simple resonances in both the electric and magnetic dipole, known as Huygens resonances. By employing resonances, the team were able to improve on previous designs by other groups, and develop metalens designs that were polarization independent, and had greater tolerances in manufacturing specifications - crucial in the quest to scale fabrication to industrial quantities.

The optimization routine came up with a library of metamaterial elements in a surprising range of shapes, such as rounded squares, four-leaf clovers and propellers.




These tiny shapes, around 300 nm tall and 1000 nm wide, spanned the full range of phase shifts, from zero to two pi, enabling the team to create a phase gradient map to achieve any arbitrary focusing pattern - although they were initially just aiming for a simple ring structure of a conventional lens.

"We could, for example, focus different wavelengths into different locations to create a colour router," Mr Jordaan said.

However, the multilayer approach is limited to a maximum of around five different wavelengths, Mr Jordaan said.

"The problem is you need structures large enough to be resonant at the longest wavelength, without getting diffraction from the shorter wavelengths," he said.

Within these constraints, Mr Jordaan said the ability to make metalenses to collect a lot of light will be a boon for future portable imaging systems.

"The metalenses we have designed would be ideal for drones or earth-observation satellites, as we've tried to make them as small and light as possible," he said.
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New crystal camera lets doctors see inside the body like never before | ScienceDaily
Physicians rely on nuclear medicine scans, like SPECT scans, to watch the heart pump, track blood flow and detect diseases hidden deep inside the body. But today's scanners depend on expensive detectors that are difficult to make.


						
Now, scientists led by Northwestern University and Soochow University in China have built the first perovskite-based detector that can capture individual gamma rays for SPECT imaging with record-breaking precision. The new tool could make common types of nuclear medicine imaging sharper, faster, cheaper and safer.

For patients, that could mean shorter scan times, clearer results and lower doses of radiation.

The study was published on Aug. 30 in the journal Nature Communications.

"Perovskites are a family of crystals best known for transforming the field of solar energy," said Northwestern's Mercouri Kanatzidis, the study's senior author. "Now, they are poised to do the same for nuclear medicine. This is the first clear proof that perovskite detectors can produce the kind of sharp, reliable images that doctors need to provide the best care for their patients."

"Our approach not only improves the performance of detectors but also could lower costs," said co-corresponding author Yihui He, a professor at Soochow University. "That means more hospitals and clinics eventually could have access to the best imaging technologies."

Kanatzidis is a Charles E. and Emma H. Morrison Professor of Chemistry at Northwestern's Weinberg College of Arts and Sciences and a senior scientist at Argonne National Laboratory. Yihui He is a former postdoctoral fellow from Kanatzidis' laboratory.




Nuclear medicine, like SPECT (single-photon emission computing tomography) imaging, works like an invisible camera. Physicians implant a tiny, safe, short-lived radiotracer in a specific part of a patient's body. The tracer emits gamma rays, which pass outward through tissues and eventually hit a detector outside of the body. Each gamma ray is like a pixel of light. After collecting millions of these pixels, computers can construct a 3D image of working organs.

Today's detectors, which are either made from cadmium zinc telluride (CZT) or sodium iodide (NaI), have several disadvantages. CZT detectors are incredibly expensive, sometimes reaching into the price range of hundreds of thousands to millions of dollars for a whole camera. Because CZT crystals are brittle and prone to cracking, these detectors also are difficult to manufacture. While cheaper than CZT detectors, NaI detectors are bulky and produce blurrier images -- like taking a photo through a foggy window.

To overcome these issues, the scientists turned to perovskite crystals, a material that Kanatzidis has studied for more than a decade. In 2012, his group built the first solid-film solar cells made from perovskites. Then, in 2013, Kanatzidis discovered that single perovskite crystals were highly promising for detecting X-rays and gamma rays. This breakthrough, enabled by his group's growth of high-quality single crystals, sparked a worldwide surge of research and effectively launched a new field in hard radiation detection materials.

"This work demonstrates how far we can push perovskite detectors beyond the laboratory," Kanatzidis said. "When we first discovered in 2013 that perovskite single crystals could detect X-rays and gamma rays, we could only imagine their potential. Now, we're showing that perovskite-based detectors can deliver the resolution and sensitivity needed for demanding applications like nuclear medicine imaging. It's exciting to see this technology moving closer to real-world impact."

Building on this foundation, Kanatzidis and He led the crystal growth, surface engineering and device design for the new study. By carefully growing and shaping these crystals, the researchers created a pixelated sensor -- just like the pixels in a smartphone camera -- that delivers record-breaking clarity and stability.

Leading the design and development of the prototype gamma-ray detector, He developed the camera's pixelated architecture, optimized the multi-channel readout electronics and carried out the high-resolution imaging experiments that validated the device's capabilities. He, Kanatzidis and their team demonstrated that perovskite-based detectors can achieve record energy resolutions and unprecedented single-photon imaging performance, paving the way for practical integration into next-generation nuclear medicine imaging systems.




"Designing this gamma-ray camera and demonstrating its performance has been incredibly rewarding," He said. "By combining high-quality perovskite crystals with a carefully optimized pixelated detector and multi-channel readout system, we were able to achieve record-breaking energy resolution and imaging capabilities. This work shows the real potential of perovskite-based detectors to transform nuclear medicine imaging."

In experiments, the detector was able to differentiate among gamma rays of different energies with the best resolution reported thus far. It also sensed extremely faint signals from a medical radiotracer (technetium-99m) commonly used in clinical practice and distinguished incredibly fine features, producing crisp images that could separate tiny radioactive sources spaced just a few millimeters apart. The detector also remained highly stable, collecting nearly all the tracer's signal without loss or distortion. Because these new detectors are more sensitive, patients potentially could require shorter scan times or smaller doses of radiation.

Northwestern spinout company Actinia Inc. is commercializing this technology -- working with partners in the medical device field to bring it out of the lab and into hospitals. Because they are easier to grow and use simpler components, perovskites offer a far less expensive alternative to CZT and NaI detectors without sacrificing quality. Perovskite-based detectors also offer a realistic pathway to imaging using a lower dose of a radiotracer than can be used with a NaI detector but at a price that ensures widespread patient access.

"Demonstrating that perovskites can deliver single-photon gamma-ray imaging is a milestone," He said. "It shows these materials are ready to move beyond the laboratory and into technologies that directly benefit human health. From here, we see opportunities to refine the detectors further, scale up production and explore entirely new directions in medical imaging."

"High-quality nuclear medicine shouldn't be limited to hospitals that can afford the most expensive equipment," Kanatzidis said. "With perovskites, we can open the door to clearer, faster, safer scans for many more patients around the world. The ultimate goal is better scans, better diagnoses and better care for patients."

The study, "Single photon g-ray imaging with high energy and spatial resolution perovskite semiconductor for nuclear medicine," was supported by the Defense Threat Reduction Agency (award number HDTRA12020002), the Consortium for Interaction of Ionizing Radiation with Matter University Research Alliance, the National Key R&D Program of China (award number 2021YFF0502600), the National Natural Science Foundation of China (award number U2267211) and the Jiangsu Natural Science Foundation (award number BK20240822).
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Ordinary ice found to have shocking electrical powers | ScienceDaily
A study co-led by ICN2 reveals that ice is a flexoelectric material, meaning it can produce electricity when unevenly deformed. Published in Nature Physics, this discovery could have major technological implications while also shedding light on natural phenomena such as lightning.


						
Frozen water is one of the most abundant substances on Earth. It is found in glaciers, on mountain peaks and in polar ice caps. Although it is a well-known material, studying its properties continues to yield fascinating results.

An international study involving ICN2, at the UAB campus, Xi'an Jiaotong University (Xi'an) and Stony Brook University (New York), has shown for the first time that ordinary ice is a flexoelectric material. In other words, it can generate electricity when subjected to mechanical deformation. This discovery could have significant implications for the development of future technological devices and help to explain natural phenomena such as the formation of lightning in thunderstorms.

The study, published in the journal Nature Physics, represents a significant step forward in our understanding of the electromechanical properties of ice. "We discovered that ice generates electric charge in response to mechanical stress at all temperatures. In addition, we identified a thin 'ferroelectric' layer at the surface at temperatures below -113oC (160K). This means that the ice surface can develop a natural electric polarization, which can be reversed when an external electric field is applied -- similar to how the poles of a magnet can be flipped. The surface ferroelectricity is a cool discovery in its own right, as it means that ice may have not just one way to generate electricity but two: ferroelectricity at very low temperatures, and flexoelectricity at higher temperatures all the way to 0 degC " explains Dr Xin Wen, a member of the ICN2 Oxide Nanophysics Group and one of the study's lead researchers. This property places ice on a par with electroceramic materials such as titanium dioxide, which are currently used in advanced technologies like sensors and capacitors.

Ice, flexoelectricity and thunderstorms

One of the most surprising aspects of this discovery is its connection to nature. The results of the study suggest that the flexoelectricity of ice could play a role in the electrification of clouds during thunderstorms, and therefore in the origin of lightning.

It is known that lightning forms when an electric potential builds up in clouds due to collisions between ice particles, which become electrically charged. This potential is then released as a lightning strike. However, the mechanism by which ice particles become electrically charged has remained unclear, since ice is not piezoelectric -- it cannot generate charge simply by being compressed during a collision.

However, the study shows that ice can become electrically charged when it is subjected to inhomogeneous deformations, i.e. when it bends or deforms irregularly. "During our research, the electric potential generated by bending a slab of ice was measured. Specifically, the block was placed between two metal plates and connected to a measuring device. The results match those previously observed in ice-particle collisions in thunderstorms," explains ICREA Prof. Gustau Catalan, leader of the Oxide Nanophysics Group at ICN2.

Thus, the results suggest that flexoelectricity could be one possible explanation for the generation of the electric potential that leads to lightning during storms. Future perspectives

The researchers in the group are already exploring new lines of investigation aimed at exploiting these properties of ice for real-world applications. Although it is still a bit early to discuss potential solutions, this discovery could pave the way for the development of new electronic devices that use ice as an active material, which could be fabricated directly in cold environments.
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Could these strange rocks be the first true evidence of life on Mars? | ScienceDaily
A new study co-authored by Texas A&M University geologist Dr. Michael Tice has revealed potential chemical signatures of ancient Martian microbial life in rocks examined by NASA's Perseverance rover.


						
The findings, published by a large international team of scientists, focus on a region of Jezero Crater known as the Bright Angel formation -- a name chosen from locations in Grand Canyon National Park because of the light-colored Martian rocks. This area in Mars' Neretva Vallis channel contains fine-grained mudstones rich in oxidized iron (rust), phosphorus, sulfur and -- most notably -- organic carbon. Although organic carbon, potentially from non-living sources like meteorites, has been found on Mars before, this combination of materials could have been a rich source of energy for early microorganisms.

"When the rover entered Bright Angel and started measuring the compositions of the local rocks, the team was immediately struck by how different they were from what we had seen before," said Tice, a geobiologist and astrobiologist in the Department of Geology and Geophysics. "They showed evidence of chemical cycling that organisms on Earth can take advantage of to produce energy. And when we looked even closer, we saw things that are easy to explain with early Martian life but very difficult to explain with only geological processes."

Tice went on to explain that "living things do chemistry that generally occurs in nature anyway given enough time and the right circumstances. To the best of our current knowledge, some of the chemistry that shaped these rocks required either high temperatures or life, and we do not see evidence of high temperatures here. However, these findings require experiments and ultimately laboratory study of the sample here on Earth in order to completely rule out explanations without life."

The team published its findings in Nature. 

A window into Mars' watery past

The Bright Angel formation is composed of sedimentary rocks deposited by water, including mudstones (fine-grained sedimentary rocks made of silt and clay)and layered beds that suggest a dynamic environment of flowing rivers and standing water. Using Perseverance's suite of instruments, including the SHERLOC and PIXL spectrometers, scientists detected organic molecules and small arrangements of minerals that appear to have formed through "redox reactions," chemical processes involving the transfer of electrons. On Earth, those processes are often driven by biological activity.




Among the most striking features are tiny nodules and "reaction fronts" -- nicknamed "poppy seeds" and "leopard spots" by the rover team -- enriched in ferrous iron phosphate (likely vivianite) and iron sulfide (likely greigite). These minerals commonly form in low-temperature, water-rich environments and are often associated with microbial metabolisms.

"It's not just the minerals, it's how they are arranged in these structures that suggests that they formed through the redox cycling of iron and sulfur," Tice said. "On Earth, things like these sometimes form in sediments where microbes are eating organic matter and 'breathing' rust and sulfate. Their presence on Mars raises the question: could similar processes have occurred there?"

Organic matter and redox chemistry

The SHERLOC instrument detected a Raman spectral feature known as the G-band, a signature of organic carbon, in several Bright Angel rocks. The strongest signals came from a site called "Apollo Temple," where both vivianite and greigite were most abundant.

"This co-location of organic matter and redox-sensitive minerals is very compelling," said Tice. "It suggests that organic molecules may have played a role in driving the chemical reactions that formed these minerals."

Tice notes it's important to understand that "organic" does not necessarily mean formed by living things.




"It just means having a lot of carbon-carbon bonds," he explained. "There are other processes that can make those besides life. The kind of organic matter detected here could have been produced by abiotic processes or it could have been produced by living things. If produced by living things, it would have to have been degraded by chemical reactions, radiation or heat to produce the G-band that we observe now."

The study outlines two possible scenarios: one in which these reactions occurred abiotically (driven by geochemical processes) and another in which microbial life may have affected the reactions, as it does on Earth. Strikingly, although some features of the nodules and reaction fronts could be produced by abiotic reactions between organic matter and iron, the known geochemical processes that could have produced the features associated with sulfur usually only work at relatively high temperatures.

"All the ways we have of examining these rocks on the rover suggest that they were never heated in a way that could produce the leopard spots and poppy seeds," said Tice. "If that's the case, we have to seriously consider the possibility that they were made by creatures like bacteria living in the mud in a Martian lake more than three billion years ago."

While the team emphasizes that the evidence is not definitive proof of past life, the findings meet NASA's criteria for "potential biosignatures" -- features that warrant further investigation to determine whether they are biological or abiotic in origin.

A sample worth returning

Perseverance collected a core sample from the Bright Angel formation, named "Sapphire Canyon," which is now stored in a sealed tube carried by the rover. This sample is among those prioritized for return to Earth in a potential future mission.

"Bringing this sample back to Earth would allow us to analyze it with instruments far more sensitive than anything we can send to Mars," said Tice. "We'll be able to look at the isotopic composition of the organic matter, the fine-scale mineralogy, and even search for microfossils if they exist. We'd also be able to perform more tests to determine the highest temperatures experienced by these rocks, and whether high temperature geochemical processes might still be the best way to explain the potential biosignatures."

Tice, who has long studied ancient microbial ecosystems on Earth, said the parallels between Martian and terrestrial processes are striking -- with one important difference.

"What's fascinating is how life may have been making use of some of the same processes on Earth and Mars at around the same time," he said. "We see evidence of microorganisms reacting iron and sulfur with organic matter in the same way in rocks of the same age on Earth, but we'd never be able to see exactly the same features that we see on Mars in the old rocks here. Processing by plate tectonics has heated all our rocks too much to preserve them this way. It's a special and spectacular thing to be able to see them like this on another planet."
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Breakthrough method could dramatically cut prescription drug prices | ScienceDaily
One of the main factors driving prices in pharmaceuticals, such as cholesterol-lowering drugs and antibiotics, is the cost of production and materials. Researchers at the University of Maine Forest Bioproducts Research Institute (FBRI) have discovered a sustainable method to produce the key ingredient in a broad range of pharmaceuticals, which could help address high prescription drug costs in the U.S.


						
Among some of the most expensive medications are those that require a chiral center -- a property in which a molecule cannot be superimposed with its mirror image, like right and left hands. Chirality can direct a drug's biological effects including efficacy, side effects and metabolization. The price of chiral drugs is greatly contributed to the building blocks used during synthesis, which are costly to produce due to complex reaction and purification pathways.

In a new study recently published in Chem, FBRI researchers explore a new, cost-reducing pathway to produce one of these crucial building blocks, (S)-3-hydroxy-g-butyrolactone (HBL), from glucose at high concentrations and yields.

According to researchers, HBL is a chiral species used for the synthesis of an array of crucial drugs such as statins, antibiotics and HIV inhibitors. Because glucose can be derived from any lignocellulosic feedstock -- such as wood chips, sawdust, tree branches or other woody biomass -- this process opens a new door for the sustainable production of HBL. This approach could also potentially be used to produce other types of important consumer products.

"If we use other kinds of wood sugars, like xylose that is an unneeded byproduct from making pulp and paper, we expect that we could produce new chemicals and building blocks, like green cleaning products or new renewable, recyclable plastics," said Thomas Schwartz, associate director of FBRI and associate professor in the Maine College of Engineering and Computing who was a lead author for the paper.

In addition to its use as a chiral species, HBL has been identified as a highly valuable precursor to a variety of chemicals and plastics by the U.S. Department of Energy. Previous attempts to produce HBL sustainably achieved only limited success due to safety issues, ineffectiveness or a lack of cost-efficiency.

"The competing processes either lead to low yields, use hazardous starting materials or are just generally costly because of the chosen production scheme and low output," said Schwartz. "The commercial process is expensive because you have to add the chiral center to the molecule, which doesn't occur naturally with most petrochemicals."

Not only does this new approach result in significantly reduced greenhouse gas emissions, but the production costs are also reduced by more than 60% compared to current methods that use petroleum-derived feedstocks. The process can also yield other commercially important chemicals, such as glycolic acid (GA), which presents additional economic opportunities.

The research included work from students in the UMaine Catalysis Group led by Schwartz and was conducted in collaboration with the U.S. Department of Agriculture (USDA) Forest Products Laboratory and the University of Wisconsin-Madison. Funding for the project was provided by the USDA, U.S. Forest Service and the National Science Foundation.
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Hubble reveals baby stars in a galaxy torn by gravity | ScienceDaily
This new Hubble Space Telescope Picture of the Week features a galaxy whose asymmetric appearance may be the result of a galactic tug of war. Located 35 million light-years away in the constellation Leo, the spiral galaxy Messier 96 is the brightest of the galaxies in its group. The gravitational pull of its galactic neighbors may be responsible for Messier 96's uneven distribution of gas and dust, asymmetric spiral arms, and off-centre galactic core.


						
This asymmetric appearance is on full display in a new Hubble image, which incorporates observations made in ultraviolet and optical light. Hubble images of Messier 96 have been released previously in 2015 and 2018. Each successive image has added new data, building up a beautiful and scientifically valuable view of the galaxy.

This third version gives an entirely new perspective on Messier 96's star formation. The bubbles of pink gas in this image surround hot, young, massive stars, illuminating a ring of star formation in the outskirts of the galaxy. These young stars are still embedded within the clouds of gas from which they were born. The new data included for the first time in this image will be used to study how stars are born within giant dusty gas clouds, how dust filters starlight, and how stars affect their environments.
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Scientists reveal the everyday habits that may shield you from dementia | ScienceDaily
An estimated 7.2 million Americans over age 65 currently live with Alzheimer's disease (AD). That number is expected to nearly double to 13.8 million by 2060. These increases reflect more than demographic shifts; they point to a growing public health crisis that requires a new, proactive approach. While chronological age is the strongest known risk factor for cognitive decline, losing cognitive function is not an inevitable part of aging.


						
As AD and other forms of cognitive decline continue to rise at an alarming rate, researchers from Florida Atlantic University's Charles E. Schmidt College of Medicine, highlight a powerful and untapped path to prevention.

In a commentary published in The American Journal of Medicine, the researchers urge clinicians, public health professionals and policymakers to implement coordinated efforts to support lifestyle-based interventions that can help reduce the growing burden of cognitive decline in the United States and worldwide.

"While deaths from cardiovascular disease have declined since 2000, deaths from Alzheimer's disease have surged by more than 140%," said Charles H. Hennekens, M.D., FACPM, FACC, co-author, the First Sir Richard Doll Professor of Medicine and Preventive Medicine, and senior academic advisor, Schmidt College of Medicine. "At the same time, it is estimated that up to 45% of dementia risk could be attributed to modifiable lifestyle and environmental factors."

Lifestyle risk factors like physical inactivity, poor diet, obesity, alcohol use, and conditions such as hypertension, diabetes, depression, and social or intellectual isolation are believed to contribute to cognitive decline. The authors point out that the same therapeutic lifestyle changes proven effective for reducing risks of cardiovascular and other major diseases may also help reduce cognitive decline - potentially with additive effects when multiple risk factors are present.

The commentary highlights the recently published results from POINTER, the first large-scale U.S-based randomized trial to test whether intensive lifestyle changes can improve cognitive outcomes in older adults at high risk of decline. In this trial, participants who were assigned at random to a structured, team-based lifestyle intervention showed statistically significant and clinically meaningful improvements in global cognition over two years. These gains were especially notable in executive functions such as memory, attention, planning and decision-making. The intervention emphasized regular physical activity, a combination of Mediterranean and DASH-style diets, cognitive stimulation and social engagement - reinforced through ongoing professional guidance and group support.

These findings are similar to an earlier Finnish trial, the FINGER trial, in which participants with elevated cardiovascular risk scores assigned at random to a multidomain lifestyle approach experienced cognitive benefits.




"The data from both these landmark, large scale randomized trials demonstrate that lifestyle changes - previously shown to reduce heart disease and cancer - also hold transformative potential for brain health," Hennekens said.

The researchers also speculated about biological mechanisms that may underlie these benefits. Physical activity, for example, increases brain-derived neurotrophic factor, which supports hippocampal growth, while also improving blood flow and reducing inflammation. Healthy dietary patterns like the Mediterranean and DASH diets can lower oxidative stress and improve insulin sensitivity as well as risks of cardiovascular disease. Quitting smoking may help preserve brain structure and white matter integrity, and regular social and cognitive engagement promotes neuroplasticity and mental resilience.

"The implications for clinical practice, public health and government policy are potentially enormous," said Parvathi Perumareddi, D.O., co-author and an associate professor of family medicine in the Schmidt College of Medicine. "Clinicians now have powerful, evidence-based tools to help their patients prevent or slow cognitive decline - tools that go beyond medications, are generally low-risk, and are cost-effective. Public health agencies could adopt the framework of trials like POINTER and FINGER to develop brain health programs."

On the policy front, the researchers note that potential cost savings are large, particularly when considering the high price and limited effectiveness of many new pharmacologic agents, which may cause common and less serious side effects like nausea, headache and fatigue, as well as more rare but more serious risks like confusion or gastrointestinal bleeding. Modeling studies suggest that reducing key risk factors by even 10% to 20% each decade could lower the burden of cognitive decline by up to 15%.

Beyond the health care system, the societal costs of dementia are staggering. In 2024, nearly 12 million family members and unpaid caregivers provided an estimated 19.2 billion hours of care to individuals living with dementia - amounting to a societal cost of more than $413 billion. Caregiving also takes an emotional toll, often resulting in mental health challenges and caregiver burnout. The researchers emphasize that these realities underscore the need for practical, community-based solutions that support both patients and caregivers and reduce the long-term burden on families and the economy.

"While more research is needed, the current totality of evidence supports a clear path forward: invest in lifestyle-based strategies to protect brain health," said Hennekens. "Doing so will not only benefit individuals at risk but also serve as a powerful tool for reducing national and global health care burdens related to cognitive decline."

The first and corresponding author is John Dunn, a medical student at the Schmidt College of Medicine.
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Your pancreas may be making its own version of Ozempic | ScienceDaily
A new study from Duke University School of Medicine is challenging long-standing views on blood sugar regulation -- and pointing to a surprising new ally in the fight against type 2 diabetes.


						
Published Sept. 19 in Science Advances, the research reveals that pancreatic alpha cells, once thought to only produce glucagon -- a hormone that raises blood sugar to maintain energy when fasting or exercising -- also generate GLP-1, a powerful hormone that boosts insulin and helps regulate glucose. GLP-1 is the same hormone mimicked by blockbuster drugs like Ozempic and Mounjaro.

Using mass spectrometry, Duke researchers found that human alpha cells may naturally produce far more bioactive GLP-1 than previously believed.

Led by Duke scientist Jonathan Campbell, PhD, the team of obesity and diabetes researchers analyzed pancreatic tissue from both mice and humans across a range of ages, body weights, and diabetes statuses. They found that human pancreatic tissue produces much higher levels of bioactive GLP-1 and that this production is directly linked to insulin secretion.

"This research shows that alpha cells are more flexible than we imagined," said Campbell, an associate professor in the Division of Endocrinology in the Department of Medicine and a member of the Duke Molecular Physiology Institute. "They can adjust their hormone output to support beta cells and maintain blood sugar balance."

This flexibility could change how we think about treating type 2 diabetes, where beta cells in the pancreas can't make enough insulin to keep blood sugar at a healthy level. By boosting the body's own GLP-1 production, it may offer a more natural way to support insulin and manage blood sugar.

Switching gears

In mouse studies, when scientists blocked glucagon production, they expected insulin levels to drop. Instead, alpha cells switched gears -- ramping up GLP-1 production, improving glucose control, and triggering stronger insulin release.




"We thought that removing glucagon would impair insulin secretion by disrupting alpha-to-beta cell signaling," Campbell said. "Instead, it improved it. GLP-1 took over, and it turns out, it's an even better stimulator of insulin than glucagon."

To test this further, researchers manipulated two enzymes: PC2, which drives glucagon production, and PC1, which produces GLP-1. Blocking PC2 boosted PC1 activity and improved glucose control. But when both enzymes were removed, insulin secretion dropped and blood sugar spiked -- confirming the critical role of GLP-1.

Implications for diabetes treatment

While GLP-1 is typically made in the gut, the study confirms that alpha cells in the pancreas can also release GLP-1into the bloodstream after eating, helping to lower blood sugar by increasing insulin and reducing glucagon levels.

Common metabolic stressors, like a high-fat diet, can increase GLP-1 production in alpha cells -- but only modestly. That opens the door to future research: If scientists can find ways to safely boost GLP-1 output from alpha cells they may be able to naturally enhance insulin secretion in people with diabetes.

But measuring GLP-1 accurately hasn't been easy. The team developed a high-specificity mass spectrometry assay that detects only the bioactive form of GLP-1 -- the version that actually stimulates insulin -- not the inactive fragments that often muddy results.




"This discovery shows that the body has a built-in backup plan," Campbell said. "GLP-1 is simply a much more powerful signal for beta cells than glucagon. The ability to switch from glucagon to GLP-1 in times of metabolic stress may be a critical way the body maintains blood sugar control."

Additional authors: Canqi Cui, Danielle C. Leander, Sarah M. Gray, Kimberly El, Alex Chen, Paul Grimsrud, Guo-Fang Zhang, David A. D'Alessio, all of Duke; and Jessica O. Becker, Austin Taylor, Kyle W. Sloop, C. Bruce Verchere, and Andrew N. Hoofnagle,

Funding: National Institutes of Health, Canadian Institutes of Health Research, Borden Scholars, and Helmsley Charitable Trust Foundation.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/09/250920214455.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The surprising way metabolism controls embryo growth | ScienceDaily
Pregnant women rely on a balanced diet and supplements to deliver proper nutrients to their babies, to ensure they grow healthfully. Such nutrients contribute to fueling development and providing cellular building blocks that lead to healthy brains, bones, organs, and immune systems.


						
While this kind of nutritional preparation helps during pregnancy, EMBL scientists found that metabolism - the way cells break down food into energy - during embryonic development does more than just provide energy and cellular building blocks for proper embryonic development. Metabolism has a surprising signalling element. And by modulating metabolism in a tailored fashion, they could identify a signalling metabolite controlling the tempo of development.

"What we noticed was that as metabolism got faster, a particular developmental clock slowed down," said Hidenobu Miyazawa, one of the new study's first authors and a research staff scientist in the Aulehla Group at EMBL. "The observation hinted that the role of metabolism is not just providing energy and biomass to fuel the biological processes."

Miyazawa, along with two other first authors and Aulehla group members at the time, Nicole Prior and Jona Rada, plus other EMBL researchers discovered that metabolism also has a signalling component. The scientists studied mouse embryos while they formed repeating body segments that ultimately develop into spines. The signalling role of metabolism became clear when they discovered that even tiny amounts of certain metabolites - not enough to actually fuel cells - could still keep the embryo's 'biological clock' for segment formation ticking. This clock is referred to as the segmentation clock.

The scientists found an inverse relationship between metabolic activity and the tempo of the segmentation clock. This means the higher the metabolic activity in the cells, the slower the segmentation clock. Surprisingly, they could reverse this 'slow clock' phenotype by restoring cellular signalling, without modulating metabolism per se. This led them to conclude that metabolic activity impacted cell signaling.

To identify which key metabolites control the clock rhythm, the scientists turned to an experimental approach based on synchronisation theory. As your internal body rhythm follows external day-night cycles, the embryo's segmentation clock can also adapt to an external signalling cue when provided periodically. "In this project, we asked whether a metabolite can serve as a signalling cue to control the segmentation clock," Miyazawa explained.

Using this unique approach, the scientists found that a specific sugar molecule, FBP, was the key metabolite regulating the segmentation clock. FBP affects the rhythm of the segmentation clock through an important signaling pathway called Wnt signalling.

Additionally, Miyazawa explained that as the research team tracked the changes, the molecular oscillations associated with the segmentation clock could change the spatial patterns of the embryo's body segments.

While this scientific finding is an important one in fundamental research, it may have bearing on what scientists can understand and control in the future. This signalling role of metabolism might reflect how organisms respond to their environment, e.g. by adjusting development based on available food.

"The results actually raise an important question: could metabolism itself act as a pacemaker that connects internal biological clocks with external rhythms in the environment?" said Alexander Aulehla, senior author on the paper and EMBL's Developmental Biology Unit director. "Since metabolism is naturally linked to external cues and cycles, such as the circadian clock, our work showing that metabolism can 'set' the segmentation clock supports this idea that we will test in future studies."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/09/250920214451.htm



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            Latest Science News
          
          	
            Sections
          
          	
            Health News
          
        

      

      All Top News

      Top science stories featured on ScienceDaily's home page.


      
        This high-sugar fruit may actually lower diabetes risk
        Mangos, often dismissed as too sugary, may hold hidden benefits for those at risk of diabetes. A George Mason University study found that daily mango eaters showed better blood sugar control and less body fat than those eating a lower-sugar snack. The results suggest that it's not just sugar levels, but how the sugar is packaged in whole foods, that matters.

      

      
        Hidden bacterial molecules in the brain reveal new secrets of sleep
        New studies show that a bacterial molecule, peptidoglycan, is present in the brain and fluctuates with sleep patterns. This challenges the idea that sleep is solely brain-driven, instead suggesting it's a collaborative process between our bodies and microbiomes. The theory links microbes not only to sleep but also to cognition, appetite, and behavior, pointing to a profound evolutionary relationship.

      

      
        Breakthrough wetsuits slash shark attack injuries and save lives
        Shark experts tested four innovative wetsuit materials to measure how well they reduce shark-bite injuries. The results show they can lessen major trauma, blood loss, and even save lives when compared to standard neoprene. While not a perfect shield, these suits represent a leap forward in personal protection.

      

      
        This flower smells like dying ants, and flies can't resist it
        Vincetoxicum nakaianum tricks flies into pollinating it by imitating the smell of ants attacked by spiders. Ko Mochizuki stumbled upon this finding when he noticed flies clustering around the flowers and later confirmed their unusual preference. The study reveals the first known case of ant odor mimicry in plants, expanding our understanding of how diverse floral deception can be.

      

      
        Brain fat, not just plaques, may be the hidden driver of Alzheimer's
        For decades, scientists believed Alzheimer's was driven mainly by sticky protein plaques and tangles in the brain. Now Purdue researchers have revealed a hidden culprit: fat. They found that brain immune cells can become clogged with fat, leaving them too weak to fight off disease. By clearing out this fat and restoring the cells' defenses, researchers may have uncovered an entirely new way to combat Alzheimer's -- shifting the focus from plaques alone to how the brain handles fat.

      

      
        Scientists reveal pill that helps shed 20% of body weight
        A massive international study has shown that the experimental oral obesity drug orforglipron can help patients shed over 10% of their body weight, with nearly one in five losing 20% or more. Unlike most GLP-1 agonists that require injections, orforglipron comes as a once-daily pill, potentially making weight-loss treatment more accessible.

      

      
        This forgotten king united England long before 1066
        AEthelstan, crowned in 925, was the first true king of England but remains overshadowed by Alfred the Great and later rulers. A new biography highlights his military triumphs, legal innovations, and cultural patronage that shaped England's identity. From the decisive Battle of Brunanburh to his reforms in governance and learning, AEthelstan's legacy is finally being revived after centuries of neglect.

      

      
        A rogue black hole is beaming energy from a nearby dwarf galaxy
        Astronomers detected a black hole displaced nearly a kiloparsec from the center of a dwarf galaxy 230 million light-years away. Unlike most, it is actively feeding and producing radio jets, making it one of the most convincing off-nuclear cases ever confirmed. The discovery reveals that black holes can grow and shape galaxies even when not in the core, reshaping theories of cosmic evolution.

      

      
        The phantom heat of empty space might soon be detectable
        A Hiroshima University team has designed a feasible way to detect the Unruh effect, where acceleration turns quantum vacuum fluctuations into observable particles. By using superconducting Josephson junctions, they can achieve extreme accelerations that create a detectable Unruh temperature. This produces measurable voltage jumps, providing a clear signal of the effect. The breakthrough could transform both fundamental physics and quantum technology.

      

      
        A tiny mineral may hold the secret to feeding billions sustainably
        Rice, a staple for billions, is one of the most resource-hungry crops on the planet--but scientists may have found a way to change that. By applying nanoscale selenium directly to rice plants, researchers dramatically improved nitrogen efficiency, boosted yields, and made grains more nutritious while reducing fertilizer use and cutting greenhouse gas emissions.

      

      
        Scientists crack the explosive secret of how diamonds reach the surface
        Diamonds hitch a ride to the surface through explosive kimberlite eruptions, powered by volatile-rich magmas. New simulations show that carbon dioxide and water are the secret ingredients that make these eruptions possible.

      

      
        Mushrooms evolved psychedelics twice, baffling scientists
        Researchers found that magic mushrooms and fiber caps independently evolved different biochemical pathways to create psilocybin. This convergence shows nature's ingenuity, but the reason why remains unknown--possibly predator deterrence. Beyond evolutionary mystery, the discovery provides new enzyme tools for biotech, with promising applications for producing psilocybin-based medicines.

      

      
        Tylenol in pregnancy linked to higher autism risk, Harvard scientists report
        Researchers reviewing 46 studies found evidence linking prenatal acetaminophen (Tylenol) exposure with higher risks of autism and ADHD. The FDA has since urged caution, echoing scientists' advice that the drug be used only at the lowest effective dose and shortest duration. While important for managing fever and pain in pregnancy, prolonged use may pose risks to fetal development. Experts stress careful medical oversight and further investigation.

      

      
        Diamonds reveal hidden chemistry deep inside Earth
        South African diamonds have revealed nickel-rich metallic inclusions, offering the first direct evidence of reactions predicted to occur deep in Earth's mantle. The study shows how oxidized melts infiltrated reduced rocks, trapping both the cause and effect of diamond formation. These reactions help explain volatile-rich magmas like kimberlites, linking mantle chemistry to volcanic processes. Diamonds emerge as tiny record-keepers of Earth's deep, dynamic engine.

      

      
        Dogs can tell how toys work without any training
        Gifted dogs can categorize toys by function, not just appearance. In playful at-home tests, they linked labels like "fetch" and "pull" to toys--even ones they'd never seen before. The findings hint that dogs form mental concepts of objects, much like humans, pointing to deeper cognitive abilities.

      

      
        Fish love songs recorded for 12 years reveal a surprising shift
        By recording grouper grunts for 12 years, scientists discovered major shifts in how red hind spawn and compete. Courtship calls once dominated, but territorial sounds have surged, suggesting changes in population structure. Machine learning helped decode the patterns quickly, offering a groundbreaking way to monitor and conserve reef fish.

      

      
        Stressed koalas are facing a deadly epidemic
        Researchers have shown that stress and retrovirus levels are tightly linked to disease in koalas. High KoRV loads make koalas more vulnerable to chlamydia, worsening epidemics in stressed populations. Protecting habitats, careful breeding, and antiviral trials are now being pursued to give koalas a fighting chance at survival.

      

      
        10 people who beat 8,000 others to become NASA astronaut candidates
        NASA has chosen 10 new astronaut candidates who will train for missions to the Moon and Mars. Their selection represents a powerful blend of talent and ambition, fueling humanity's next great leaps into space.

      

      
        NASA's Mars rover Curiosity captures stunning details of alien rock formations
        Curiosity is exploring Mars' boxwork terrain, where ridges and hollows may have formed from cementation and erosion. The rover has been documenting rock textures and chemistry, comparing smoother ridge rocks with nodular hollow-edge rocks. Scientists are weighing drill sites while also monitoring dust, clouds, and long-distance features across Gale Crater.

      

      
        The Universe's first magnetic fields were shockingly weak, but changed everything
        Primordial magnetic fields, billions of times weaker than a fridge magnet, may have left lasting imprints on the Universe. Researchers ran over 250,000 simulations to show how these fields shaped the cosmic web, then validated the results with observations. Their study sets a stricter upper limit on the fields' strength, aligning with other data and suggesting important consequences for early star and galaxy formation.

      

      
        Student's pinkie-sized fossil reveals a new croc species
        A 95-million-year-old crocodyliform fossil, affectionately nicknamed Elton, was discovered in Montana by student Harrison Allen. Unlike most crocs, it lived on land and ate a varied diet. The find led to the naming of a new species, Thikarisuchus xenodentes, offering insights into croc evolution and burrow-based fossil preservation. For Allen, it was a life-changing project that launched him into a career in paleontology.

      

      
        How dehydration secretly fuels anxiety and health problems
        Not drinking enough water could intensify stress responses. Researchers found that under-hydrated individuals had cortisol levels more than 50% higher during stressful situations. Poor hydration didn't make participants feel thirstier, but it did trigger biological signs of strain. Keeping a water bottle handy could help manage stress and safeguard health.

      

      
        Can meditation apps really reduce stress, anxiety, and insomnia?
        Meditation apps are revolutionizing mental health, providing easy access to mindfulness practices and new opportunities for scientific research. With the help of wearables and AI, these tools can now deliver personalized training tailored to individual needs.

      

      
        This vibrant moth fooled scientists for generations
        For more than a century, a dazzling pink-and-yellow moth was mistaken for a common European species, but DNA analysis revealed it as entirely new: Carcina ingridmariae. Found across the eastern Mediterranean, this hidden beauty had evaded recognition until advanced barcoding techniques exposed its genetic secrets. Entomologist Dr. Peter Huemer confirmed the discovery and, in a heartfelt gesture, named the moth after his wife on their 42nd anniversary, celebrating both science and love.

      

      
        Insects are disappearing from the last places we thought were safe
        A long-term study in Colorado reveals that insect populations are plummeting even in remote, undisturbed areas. Over two decades, flying insect abundance dropped by more than 70%, closely linked to rising summer temperatures. The results suggest that climate change, not just human land use, is driving massive losses. Scientists warn that biodiversity hotspots, especially mountain ecosystems, are now at serious risk.

      

      
        Dementia-like clumps found in cells before cancer strikes
        Researchers found that pancreatic pre-cancer cells mimic dementia by forming clumps of proteins due to faulty recycling processes. These insights could shed light on why pancreatic cancer develops so aggressively and why it is difficult to treat. By studying overlaps with neurological diseases, scientists hope to identify new strategies for prevention and treatment.

      

      
        Hidden brain signal reveals Alzheimer's years before symptoms
        A new study has revealed that TSPO, a protein linked to brain inflammation, rises long before Alzheimer's symptoms appear. Researchers tracked the protein in genetically engineered mice and confirmed the results in human brain tissue from Colombian families with a known Alzheimer's mutation. They found unusually high levels of TSPO in microglia clustered around plaques, particularly in women. This discovery not only deepens our understanding of the disease but also sparks the possibility of using...

      

      
        This surprising building material is strong, cheap, and sustainable
        A team at RMIT University has created a cement-free construction material using only cardboard, soil, and water. Strong enough for low-rise buildings, it reduces emissions, costs, and waste compared to concrete. The lightweight, on-site process makes it ideal for remote areas, while its thermal properties naturally cool buildings. Researchers see it as a key step toward greener, more resilient architecture.

      

      
        Childhood plastic exposure could be fueling obesity, infertility, and asthma
        A sweeping review from NYU Langone Health reveals that everyday exposure to plastics--especially during childhood--poses lasting risks for heart disease, infertility, asthma, and even brain development issues. These chemicals, found in packaging, cosmetics, and common household items, can disrupt hormones, ignite chronic inflammation, and lower IQ.

      

      
        Sneezing from cats or dust? Safe UV light may neutralize allergens in minutes
        Sneezing from cats, dust mites, or mold may one day be preventable with a flip of a switch. Researchers at CU Boulder found that UV222 light can alter allergen proteins, reducing allergic reactions without dangerous side effects. Within 30 minutes, airborne allergens decreased by up to 25%. The team imagines portable devices that could shield people in homes, schools, and workplaces from harmful triggers.

      

      
        The shocking reason Arctic rivers are turning rusty orange
        Researchers found that ice can trigger stronger chemical reactions than liquid water, dissolving iron minerals in extreme cold. Freeze-thaw cycles amplify the effect, releasing iron into rivers and soils. With climate change accelerating these cycles, Arctic waterways may face major transformations.

      

      
        Scientists finally capture water's hidden state that's both solid and liquid
        Water, though familiar, still hides astonishing secrets. When squeezed into nanosized channels, it can enter a bizarre "premelting state" that is both solid and liquid at once. Using advanced NMR techniques, Japanese researchers directly observed this strange new phase, revealing that confined water molecules move like a liquid while maintaining solid-like order.

      

      
        A hormone that silences the immune system may unlock new cancer treatments
        Scientists have discovered that cancer uses a hidden hormone to switch off the body's natural defenses, allowing tumors to grow unchecked. By uncovering this secret signal, they found a way to block it and restore the immune system's ability to fight back. The breakthrough not only hints at powerful new cancer treatments but also suggests the same pathway could someday be used to calm autoimmune diseases.

      

      
        When cancer cells feel squeezed, they become more dangerous
        New research shows that cancer cells don't just grow; they adapt when stressed. When squeezed inside tissues, they transform into more invasive, drug-resistant versions of themselves. A protein called HMGB2 helps flip this dangerous switch, giving the cells new powers to escape. The findings reveal how the tumor's environment itself can drive cancer's deadly flexibility.

      

      
        Want a younger brain? Harvard researchers say eat like this
        Researchers have shown that a green-Mediterranean diet can help slow brain aging. By analyzing data from the DIRECT PLUS trial, scientists found reduced levels of proteins tied to faster brain decline among those consuming green tea and Mankai. The results point to anti-inflammatory compounds as key protectors of brain health. This diet may be a powerful tool for preserving cognitive function.

      

      
        Why alcohol blocks the liver from healing, even after you quit
        Alcohol doesn't just damage the liver -- it locks its cells in a strange "in-between" state that prevents them from healing. Even after someone quits drinking, liver cells often get stuck, unable to function normally or regenerate. Scientists have now traced this problem to runaway inflammation, which scrambles the cell's instructions and silences a key helper protein. By blocking these inflammatory signals in lab tests, they were able to restore the liver's healing ability -- a finding that could ...

      

      
        Hidden for 125 years, a Welsh fossil turns out to be a dinosaur
        More than a century after its discovery, a mysterious fossil from South Wales has finally been confirmed as belonging to a new species of predatory dinosaur. Using cutting-edge digital scanning, researchers reconstructed the long-lost jawbone, revealing unique features that warranted a new name: Newtonsaurus.

      

      
        Tiny new lenses, smaller than a hair, could transform phone and drone cameras
        Scientists have developed a new multi-layered metalens design that could revolutionize portable optics in devices like phones, drones, and satellites. By stacking metamaterial layers instead of relying on a single one, the team overcame fundamental limits in focusing multiple wavelengths of light. Their algorithm-driven approach produced intricate nanostructures shaped like clovers, propellers, and squares, enabling improved performance, scalability, and polarization independence.

      

      
        Ordinary ice found to have shocking electrical powers
        Scientists have discovered that ordinary ice is a flexoelectric material, capable of generating electricity when bent or unevenly deformed. At very low temperatures, it can even become ferroelectric, developing reversible electric polarization. This could help explain lightning formation in storms and inspire new technologies that use ice as an active material.

      

      
        Could these strange rocks be the first true evidence of life on Mars?
        In Jezero Crater's Bright Angel formation, Perseverance has found rocks rich in organic molecules and minerals linked to microbial metabolism. Their arrangement hints at redox reactions that resemble Earth's life-driven chemistry. While not proof of Martian life, the findings qualify as "potential biosignatures" and make the stored sample a top candidate for return to Earth.

      

      
        Breakthrough method could dramatically cut prescription drug prices
        University of Maine researchers developed a new process to make HBL, a key ingredient in many medicines, from renewable glucose instead of petroleum. The approach not only lowers drug production costs but also reduces emissions.

      

      
        Hubble reveals baby stars in a galaxy torn by gravity
        Hubble's latest look at Messier 96 reveals a warped spiral galaxy glowing with rings of stellar birth. The new details shed light on how stars emerge and influence their surroundings.

      

      
        Scientists reveal the everyday habits that may shield you from dementia
        New studies reveal that lifestyle changes--such as exercise, healthy eating, and social engagement--can help slow or prevent cognitive decline. Experts say this low-cost, powerful approach could transform dementia care and reduce its crushing toll on families and health systems.

      

      
        The surprising way metabolism controls embryo growth
        Metabolism does more than fuel embryos--it sets their developmental rhythm. EMBL researchers found that a sugar molecule, FBP, controls the pace of spine formation, suggesting metabolism may act as a biological pacemaker.

      

      
        Neutrinos may be the hidden force behind gold and platinum
        When two neutron stars collide, they unleash some of the most powerful forces in the universe, creating ripples in spacetime, showers of radiation, and even the building blocks of gold and platinum. Now, new simulations from Penn State and the University of Tennessee Knoxville reveal that elusive particles called neutrinos--able to shift between different "flavors"--play a crucial role in shaping what emerges from these cataclysmic events.

      

      
        NASA just confirmed its 6,000th alien world. Some are truly bizarre
        NASA has confirmed 6,000 exoplanets, marking a major milestone in humanity's quest to understand other worlds. From gas giants hugging their stars to planets covered in lava or clouds of gemstones, the diversity of discoveries is staggering. With upcoming missions like the Roman Space Telescope and the Habitable Worlds Observatory, scientists are getting closer to detecting Earth-like planets, and possibly signs of life.

      

      
        Strange new hybrid bird spotted in Texas backyard
        In Texas, biologists have documented an extraordinary bird -- the natural hybrid offspring of a green jay and a blue jay. Once separated by millions of years of evolution and distinct ranges, the two species were brought together as climate change expanded their territories. A backyard birder's photo led to the discovery, and after years of elusiveness, scientists confirmed the bird's identity through genetic testing.

      

      
        Hidden gene trick lets ants smell with super precision
        Researchers uncovered how ants keep their powerful sense of smell clear: by using a genetic safeguard that silences surrounding receptor genes. This discovery not only solves a decades-old puzzle but also reveals how ants can rapidly evolve new olfactory abilities.

      

      
        Stunning fossil from the Gobi Desert rewrites dinosaur history
        A newly discovered fossil in Mongolia's Gobi Desert has revealed the oldest and most complete pachycephalosaur ever found, offering a rare glimpse into the early evolution of these dome-headed dinosaurs. Named Zavacephale rinpoche, or "precious one," this juvenile specimen dates back 108 million years, pushing the group's fossil record back by 15 million years.

      

      
        Simple therapies outperform drugs for knee arthritis pain relief
        A sweeping analysis of nearly 10,000 patients reveals that knee braces, hydrotherapy, and exercise stand out as the most effective non-drug therapies for knee osteoarthritis. Unlike common pain medications that carry risks, these low-cost and accessible options reduce pain, improve mobility, and could shift treatment guidelines toward safer, drug-free approaches.
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This high-sugar fruit may actually lower diabetes risk | ScienceDaily
If presented with two snacks, one containing seven grams of sugar and another with over 30 grams of sugar, choosing the healthier option should be a no-brainer, correct? Well, maybe not. Less sugar is not automatically healthier.


						
For the nearly 100 million adults in the United States who are currently living with prediabetes, a tropical fruit that can reduce the risk of diabetes sounds too good to be true. Tropical fruits contain anywhere between ten to 50 grams of sugar, with mangos on the high end of the spectrum, making them seem a poor snack choice based on that alone. But research by clinical nutrition researcher Raedeh Basiri indicates that mangos, despite having more sugar than many low-sugar snacks, may offer protective factors for adults with prediabetes.

"It is not just the sugar content that matters, but the overall food context that matters," said Basiri, assistant professor in George Mason's Department of Nutrition and Food Studies. This study is the first long-term clinical trial to demonstrate both metabolic and body composition benefits of mangoes in prediabetes.

Simply put, it's more than the sugar in the food; it's about the whole food. The sugars naturally found in mangos, and other fruits, are complemented by fiber and other vitamins and nutrients that offer additional health benefits. Food with added sugar, such as breakfast cereals, and even low-sugar snack options, may not have the same nutritional value and can even increase diabetes risk.

"The goal is to encourage people to include whole fruits, like mango, as part of healthy eating behaviors and practical dietary strategies for diabetes prevention," said Basiri. "Individuals at high risk of diabetes should not only focus on the sugar content of foods, but on how sugars are delivered."

Basiri and her team split study participants into two groups; one group received a fresh mango daily, while the other group was given a low-sugar granola bar each day. Over six months, researchers measured participants' blood glucose levels, bodily responses to insulin, and body fat.

At the conclusion of the study, findings revealed that the high-sugar mango (32 grams of sugar) proved more beneficial than a low-sugar granola bar (11 grams of sugar). The group that consumed the daily mango showed improved blood glucose control, enhanced insulin sensitivity, and reduced body fat.




"Daily Mango Intake Improves Glycemic and Body Composition Outcomes in Adults with Prediabetes: A Randomized Controlled Study" was published in Foods in August 2025.

This study was funded by the National Mango Board. The authors declare no other potential conflicts of interest. The funders had no role in the design of the study, in the collection, analysis, interpretation of data, or the decision to publish results.

About the researcher

Raedeh Basiri is a registered dietitian and an assistant professor in the Department of Nutrition and Food Studies at George Mason's College of Public Health. Basiri is a clinical nutrition researcher specializing in personalized nutrition therapy and the use of emerging technologies, such as continuous glucose monitoring, to improve outcomes in individuals with prediabetes, diabetes, and metabolic syndrome. Her work combines randomized controlled trials and large-scale data analysis to investigate how whole foods and dietary patterns impact insulin resistance, glycemic control, sleep, and both mental and gut health. Basiri takes a rigorous, interdisciplinary approach and is deeply committed to chronic disease prevention, collaborative research, and mentoring future professionals.
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Hidden bacterial molecules in the brain reveal new secrets of sleep | ScienceDaily
What causes us to sleep? The answer may lie not only in our brains, but in their complex interplay with the micro-organisms spawned in our intestines.


						
New research from Washington State University suggests a new paradigm in understanding sleep, demonstrating that a substance in the mesh-like walls of bacteria, known as peptidoglycan, is naturally present in the brains of mice and closely aligned with the sleep cycle.

Those findings serve to update a broader hypothesis that has been in development at WSU for years -- proposing that sleep arises from communication between the body's sleep regulatory systems and the multitude of microbes living inside us.

"This added a new dimension to what we already know," said Erika English, a PhD candidate at WSU and lead author on two recently published scientific papers introducing the findings.

This view of sleep as arising from that "holobiont condition" joins a growing body of evidence suggesting that our gut microbiomes play an important role in cognition, appetite, sex drive and other activity -- a view that turns traditional brain-centric models of cognition upside-down and has implications for our understanding of evolution and free will, as well as the development of future treatments for sleep disorders.

The recent findings regarding peptidoglycan, or PG, lend weight to that hypothesis and point to a possible regulatory role for bacterial cell wall products in sleep. PG is known to promote sleep when injected in animals, but until recently, the conventional view held that it did not naturally migrate to the brain.

English found that PG, along with its receptor molecules involved in PG signaling and communication, was present in different locations within the brain, at levels that changed with the time of day and sleep deprivation.




The findings were reported in July in Frontiers in Neuroscience; longtime WSU sleep researcher and Regents Professor James Krueger co-authored the paper. English is also lead author of a recent paper with Krueger in the journal Sleep Medicine Reviews that proposes the "holobiont condition" hypothesis of sleep.

That paper combines two prevailing views. One posits that sleep is regulated by the brain and neurological systems. Another focuses on "local sleep," which frames slumber as the result of an accumulation of sleep-like states among small cellular networks throughout the body. Such sleep-like states have been observed among cells in vitro, known as the "sleep in a dish" model.

As these smaller pockets of sleep accumulate, like lights going off in a house, the body tips from wakefulness toward sleep.

The new hypothesis merges those theories, proposing that sleep results from the interplay between the body and its resident micro-organisms -- two autonomous systems that interact and overlap.

"It's not one or the other, it's both. They have to work together," English said. "Sleep really is a process. It happens at many different speeds for different levels of cellular and tissue organization and it comes about because of extensive coordination."

Links between the microbiome and behavior are emerging on several fronts, indicating that micro-organisms formed in the gut play an important role in cognition and fundamental human behaviors. This work upends the traditional view of human neurology, suggesting that it is not completely top-down -- i.e., the result of decision-making in the brain -- but bottom-up -- i.e., driven by the tiny organisms whose evolution shaped animals to serve as their hosts and whose needs influence the activities and cognition of their hosts.




"We have a whole community of microbes living within us. Those microbes have a much longer evolutionary history than any mammal, bird or insect - much longer, billions of years longer," said Krueger, who was named a "Living Legend in Sleep Research" by the Sleep Research Society in 2023. "We think sleep evolution began eons ago with the activity/inactivity cycle of bacteria, and the molecules that were driving that are related to the ones driving cognition today."

English's work expands upon known links between bacteria and sleep, including the fact that sleep patterns affect the function of the gut microbiome and that bacterial infections cause people to sleep more.

The new findings begin to delve into questions that English looks forward to exploring further.

"Now that the world has come to appreciate how important microbes are, not just for disease but also for health, it's a very exciting time to start to expand on our understanding of how we are communicating with our microbes and how our microbes are communicating with us," she said.
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Breakthrough wetsuits slash shark attack injuries and save lives | ScienceDaily
Australian shark experts have tested four bite-resistant materials to assess their ability to reduce injuries and blood loss.


						
While internal and crushing injuries may still occur, bite-resistant wetsuits can now be added to the 'toolkit' of measures available to reduce shark-bite risk and resulting injuries, say researchers from Flinders University's Southern Shark Ecology Group.

Shark bites on humans are uncommon but can severely impact local coastal communities and businesses, especially where water-based tourism and recreation are common, often prompting pressure for better bather protection strategies.

Governments are often focused on area-based protection, but as recent studies have shown there is also increasing focus on personal deterrents and/or other personal mitigative measures, such as bite-resistant wetsuits

Funded by the NSW Department of Primary Industries and Regional Development Shark Management Program, the study tested the efficacy of four bite-resistant wetsuit materials (Aqua Armour, Shark Stop, ActionTX-S and Brewster material) to reduce damage incurred from white and tiger shark bites.

Traditional chainmail suits were protective but too inflexible and heavy for activities like surfing or diving. New wetsuits that incorporate strong and light fibre often used in sailing rope, ultra-high molecular weight polyethylene, offer both flexibility and protection, making them more suitable for recreational use.

Dr Tom Clarke, Professor Charlie Huveneers, and experts from New South Wales Department of Primary Industries and Regional Development assessed each material's potential in reducing injuries from white and tiger sharks by quantifying the amount of bite damage across four categories of increasing severity (ranging from 'superficial' to 'critical') and comparing it to damage on standard neoprene.




"While there were small differences between the four tested materials, they all reduced the amount of substantial and critical damage, which would typically be associated with severe hemorrhaging and tissue or limb loss," says Dr Clarke, from the College of Science and Engineering at Flinders University.

White and tiger sharks are responsible for the most unprovoked bites and are two of the top three species with the highest rate of fatal bites. Interactions between humans and sharks continue to rise in frequency globally, with expanding coastal populations and rising popularity of marine activities.

"Our study showed that bite-resistant materials incorporated into wetsuits can reduce damage from large white and tiger sharks (>3 m) compared to standard neoprene wetsuit, even from moderate and severe bites."

"While these suits don't eliminate all the risk (e.g., internal injuries may still occur), our results indicate that they can reduce blood loss and trauma from major lacerations and punctures, potentially saving lives," says Prof Huveneers, from the College of Science and Engineering at Flinders University.

"Our findings will allow for informed decisions to be made about the use of bite-resistant wetsuit materials for occupational activities, as well as enabling the public to make appropriate decisions about the suitability of using these products."

Key points: 
    	Wetsuits that incorporate bite-resistant materials have emerged as a new mitigation strategy that aims to reduce fatalities from shark bites, by reducing the severity of injuries inflicted from bites (e.g. lacerations, punctures, tissue and blood loss).
    	As shark-bite mitigation continues to shift from traditional lethal methods towards non-lethal alternatives, personal protective measures such as electric deterrents and protective wetsuits continue to gain interest as tools to reduce the number of interactions and injuries, and increase the likelihood of survival.

Acknowledgement: This study was funded by the NSW Department of Primary Industries and Regional Development Shark Management Program, and Australian Research Council Linkage (project LP190100992). No funding was obtained from any of the material inventors or manufacturers.
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This flower smells like dying ants, and flies can't resist it | ScienceDaily

The smell of warm, freshly baked bread has surely attracted many a customer to enter the shop as they pass by. Grass flies are no different: they are also attracted to the smell of their daily bread, injured ants. As they move from flower to flower in search of already injured prey, they also do flowers a great service: they pollinate them. Because ants are one of the most widespread species, and ant mimicry has independently evolved in many invertebrate species, it stands to reason that plants could have also evolved to mimic ants in one way or another. However, such cases had never been reported.

"I was working on another research project," says Ko Mochizuki, "and originally collected this species only as a 'reference' for comparison. By chance, I noticed chloropid flies gathering around its flowers in the nursery in the Koishikawa Botanical Gardens, and immediately realized that the flowers might be imitating dead insects."

This recognition was thanks to a string of thus far unrelated experiences. His participation in an intensive training course in 2019 helped him recognize the fly species swarming the flower. He also happened to be familiar with some previous studies that described plants pollinated by chloropid flies emitting odors resembling those of insects.

Following his hunch, Mochizuki set out to methodically observe the visitors on these flowers and compare the odors released by the flowers to odors released by various kinds of insects. He found that the smell of ants being attacked by spiders was the closest match. However, his hypothesis of ant mimicry was standing on frail legs: there had not been any official publications of chloropid flies, or any other similar fly species, targeting ants hunted and injured by other animals, such as spiders. So, Mochizuki turned to social media for more unconventional evidence. There, he found many amateur naturalists documenting what he had suspected: ants attacked by spiders, which then attracted kleptoparasitic (organisms that steal food from another) flies. This gave him confidence to test the hypothesis behaviorally and confirm whether chloropid flies were indeed more attracted to the smell of ants attacked by spiders than to other smells.

"That moment, when I saw the flies on the flowers, was truly one of inspiration," Mochizuki remembers, "a hypothesis suddenly taking shape. This experience taught me that unexpected discoveries often emerge from a combination of preparation and chance."

Talking of preparation... Mochizuki is already preparing for the next project.

"I would like to investigate the evolutionary background of ant mimicry by comparing the pollination systems, evolutionary history, and genetic makeup of Vincetoxicum nakaianum and its close relatives. In addition, since this study suggests that many forms of floral mimicry may remain hidden, I plan to explore other species, both within Vincetoxicum and in unrelated plant groups, to uncover further examples of potential mimicry."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/09/250925025308.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Brain fat, not just plaques, may be the hidden driver of Alzheimer's | ScienceDaily
It was long thought that fat in the brain played no role in neurodegenerative diseases, but Purdue University researchers are challenging that assumption.


						
The research findings, published in Immunity, show that excess fat in the brain's resident immune cells, called microglia, impairs their ability to combat disease. This insight opens a path to lipid biology-based neuroimmune therapies that could treat diseases like Alzheimer's by enhancing microglial function and neuronal health. This work was led by Gaurav Chopra, the James Tarpo Jr. and Margaret Tarpo Professor of Chemistry and (by courtesy) of Computer Science at Purdue.

While most Alzheimer's drug development targets the primary pathologies of the disease -- plaques of a misfolded protein called amyloid beta and tangles of the protein tau -- Chopra is focused on the abnormally fat-rich cells surrounding diseased regions of the brain. In earlier work published in Nature, Chopra and collaborators showed that, in the presence of disease, astrocytes -- another type of cells that support neurons -- release a fatty acid that is toxic to brain cells. Another collaborative work with the University of Pennsylvania, published last year in Nature, also linked mitochondrial dysfunction in neurons with fat deposits in glial cells during aging -- a major risk factor for neurodegeneration.

"In our view, directly targeting plaques or tangles will not solve the problem; we need to restore function of immune cells in the brain," Chopra said. "We're finding that reducing accumulation of fat in the diseased brain is the key, as accumulated fat makes it harder for the immune system to do its job and maintain balance. By targeting these pathways, we can restore the ability of immune cells like microglia to fight disease and keep the brain in balance, which is what they're meant to do."

Chopra's team worked in collaboration with researchers at Cleveland Clinic led by Dimitrios Davalos, assistant professor of molecular medicine. Chopra is also the director of Merck-Purdue Center and a member of the Purdue Institute for Integrative Neuroscience; the Purdue Institute for Drug Discovery; the Purdue Institute of Inflammation, Immunology and Infectious Disease; and the Regenstrief Center for Healthcare Engineering.

Chopra's work is part of Purdue's presidential One Health initiative, which brings together research on human, animal and plant health. His research supports the initiative's focus on advanced chemistry, where Purdue faculty study complex chemical systems and develop new techniques and applications.

More than 100 years ago, Alois Alzheimer identified abnormalities in the brain of a woman with the disease that now bears his name, including plaques, tangles and cells filled with droplets of fatty compounds called lipids. Until recently, these lipid droplets were dismissed as by-products of disease.




But the links that Chopra and his team have found between neurodegenerative disease and fats in microglia and astrocytes -- both types of glial cells that support neurons in the brain -- strongly suggest otherwise. Chopra says this research lays the foundation for a "new lipid model of neurodegeneration." He likes to call these fat accumulations "lipid plaques," as they don't resemble spherical droplets.

"It is not the lipid droplets that are pathogenic, but the accumulation of these droplets is bad. We think the composition of lipid molecules that accumulate within brain cells is one of the major drivers of neuroinflammation, leading to different pathologies, such as aging, Alzheimer's disease and other conditions related to inflammatory insults in the brain. The specific composition of these lipid plaques may define particular brain diseases," Chopra said.

The Immunity paper focuses on microglia, the "bona fide immune cells of the brain," which clear out debris, such as misfolded proteins like amyloid beta and tau, by absorbing and breaking them down through a process called phagocytosis. Chopra's team examined microglia in the presence of amyloid beta and asked a simple question: What happens to microglia when they come into contact with amyloid beta?

Images of brain tissue from people with Alzheimer's disease showed amyloid beta plaques surrounded by microglia. Microglia located within 10 micrometers of these plaques contained twice as many lipid droplets as those farther away. These lipid droplet-laden microglia closest to the plaques cleared 40% less amyloid beta than ordinary microglia from brains without disease.

In their investigation into why microglia were impaired in Alzheimer's brains, the team used specialized techniques and found that microglia in contact with plaques and disease-related inflammation produced an excess of free fatty acids. While microglia normally use free fatty acids as an energy source -- and some production of these fatty acids is even beneficial -- Chopra and his team discovered the microglia closest to amyloid beta plaques convert these free fatty acids to triacylglycerol, a stored form of fat, in such large quantities that they become overloaded and immobilized by their own accumulation. The formation of these lipid droplets depends on age and disease progression, becoming more prominent as Alzheimer's disease advances.

By tracing the complex series of steps microglia use to convert free fatty acids to triacylglycerol, the research team zeroed in on the final step of this pathway. They found abnormally high levels of an enzyme called DGAT2 catalyzes the final step of converting free fatty acids to triacylglycerol. They expected to see equally high levels of the DGAT2 gene -- since the gene must be copied to produce the protein -- but that was not the case. The enzyme accumulates because it is not degrading as quickly as it normally would, rather than being overproduced. This accumulation of DGAT2 causes microglia to divert fatty acids into long-term storage and fat accumulation instead of using them for energy or repair.




"We showed that amyloid beta is directly responsible for the fat that forms inside microglia," Chopra said. "Because of these fatty deposits, microglial cells become dysfunctional -- they stop clearing amyloid beta and stop doing their job."

Chopra said the researchers don't yet know what causes the DGAT2 enzyme to persist. However, in their search for a remedy, the team tested two molecules: one that inhibits DGAT2's function and another that promotes its degradation. The degradation of the DGAT2 enzyme was ultimately beneficial to reduce fat in the brains, improve function of microglia and their ability to eat amyloid-beta plaques, and improve markers of neuronal health in Alzheimer's disease animal models.

"What we've seen is that when we target the fat-making enzyme and either remove or degrade it, we restore the microglia's ability to fight disease and maintain balance in the brain -- which is what they're meant to do," Chopra said.

"This is an exciting finding that reveals how a toxic protein plaque directly influences how lipids are formed and metabolized by microglial cells in Alzheimer's brains," said Priya Prakash, a first co-author of the study. "While most recent work in this area has focused on the genetic basis of the disease, our research paves the way for understanding how lipids and their pathways within the brain's immune cells can be targeted to restore their function and combat the disease."

"It's incredibly exciting to connect fat metabolism to immune dysfunction in Alzheimer's," said Palak Manchanda, the other first co-author. "By pinpointing this lipid burden and the DGAT2 switch that drives it, we reveal a completely new therapeutic angle: Restore microglial metabolism and you may restore the brain's own defense against disease."

At Purdue, Chopra was joined in the research by Prakash, Manchanda, Kanchan Bisht, Kaushik Sharma, Prageeth R. Wijewardhane, Caitlin Randolph, Matthew Clark, Jonathan Fine, Elizabeth Thayer and Chi Zhang. Their research was produced with support from the U.S. Department of Defense and the National Institutes of Health.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/09/250924012257.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists reveal pill that helps shed 20% of body weight | ScienceDaily
New research presented at the Annual Meeting of the European Association for the Study of Diabetes in Vienna, Austria (Sept 15-19) and simultaneously published in NEJM shows that daily treatment with the new once-daily GLP-1 agonist orforglipron results in substantial weight loss in people living with obesity that do not have type 2 diabetes. The study is by Dr Sean Wharton, McMaster University, Hamilton, ON, Canada and Wharton Weight Management Clinic, Burlington, ON, Canada, and colleagues. The study is sponsored by Eli Lilly, the manufacturer of orforglipron. 


						
Orforglipron is a small-molecule, oral glucagon-like peptide-1 (GLP-1) receptor agonist. In this phase 3, multinational, randomised, double-blind trial, the authors examined the safety and efficacy of once-daily orforglipron at doses of 6 mg, 12 mg, or 36 mg, as compared with placebo (assigned in a 3:3:3:4 ratio) as an adjunct to healthy diet and physical activity for 72 weeks. All the patients had obesity but not diabetes. The primary end point was the percent change in body weight from baseline to week 72.

A total of 3127 patients in 9 countries / jurisdictions (USA, China, Brazil, India, Japan, South Korea, Spain, Slovakia and Taiwan) underwent randomisation. The mean relative change in body weight from baseline to week 72 was [?]7.5% with 6 mg of orforglipron, [?]8.4% with 12 mg of orforglipron, and [?]11.2% with 36 mg of orforglipron, as compared with [?]2.1% with placebo.

Among the patients in the orforglipron 36 mg group, 54.6% had reduction of 10% or more of body weight, 36.0% had a reduction of 15% or more, and 18.4% had a reduction of 20% or more, as compared with 12.9%, 5.9%, and 2.8% of the patients, respectively, in the placebo group.

Other outcomes such as waist circumference, systolic blood pressure, triglyceride levels, and non-HDL cholesterol levels significantly improved with orforglipron treatment (see table 3 full paper). Adverse events (see table 4) resulted in treatment discontinuation in 5.3% to 10.3% of the patients in the orforglipron groups and in 2.7% of those in the placebo group. The most common adverse events with orforglipron were gastrointestinal effects, which were mostly mild to moderate, consistent with the GLP-1 class of medications.

The authors note that the use of medications such as GLP-1 receptor agonists (such as semaglutide) are reported to result in mean weight reductions of approximately 15% to above 20% and have shown additional health benefits, including decreased cardiovascular risk. However, most available GLP-1 based medications are administered as a subcutaneous injection, which may limit treatment initiation and adherence.

The authors say: "After 72 weeks of treatment, all the patients in the three orforglipron groups had a significant and clinically meaningful dose-dependent reduction in body weight. The patients who received the highest dose of orforglipron had an average 11.2% weight reduction; more than one third had a reduction of at least 15%, and nearly one fifth had a reduction of at least 20%. All measured cardiometabolic levels improved with orforglipron treatment as compared with placebo... A weight reduction of 10% or more is a recognised therapeutic threshold, one that has been linked to meaningful cardiometabolic benefits. In our current trial, patients who received orforglipron had a mean weight reduction of as much as 11.2%, and such reductions were associated with improvements in levels of systolic and diastolic blood pressure, as well as blood fats, blood sugar profiles, and high-sensitivity C-reactive protein - a marker of systemic inflammation."

The authors note the trial's limitations include the lack of comparison with currently approved obesity-management medications, the use of cutoffs for BMI inclusion criteria that have been developed in White populations and that exclude patients with lower BMI values who may also have adiposity-related risks, and the increasing availability of obesity-management medications, which could have an effect on treatment adherence and efficacy results. The strengths of the trial include a highly diverse, large population from nine countries and jurisdictions on four continents - including more than 35% enrolment of men.




They conclude: "In patients with obesity, the use of orforglipron resulted in statistically and clinically significant weight reductions and an adverse-event profile that was consistent with findings regarding other GLP-1 receptor agonists."

Dr Wharton adds: "This could mean an expansion of obesity interventions to groups who are currently excluded due to the cost of and lack of access to injectable medications."

Orforglipron is not yet approved by the US Food and Drug Administration (FDA) or other similar agencies worldwide. 
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This forgotten king united England long before 1066 | ScienceDaily
A groundbreaking new biography of AEthelstan marks 1,100 years since his coronation in 925 AD, reasserts his right to be called the first king of England, explains why he isn't better known and highlights his many overlooked achievements. The book's author, Professor David Woodman, is campaigning for greater public recognition of AEthelstan's creation of England in 927 AD.


						
The Battle of Hastings in 1066 and the signing of Magna Carta in 1215 are two of the most famous years in English history. But very few people know what happened in 925 or 927AD. Professor David Woodman, the University of Cambridge-based author of The First King of England, a groundbreaking new biography of AEthelstan, is determined to change this and not just with his book. He - and other historians - are planning a fitting memorial for England's first and unfairly overlooked king.

"As we approach the anniversaries of AEthelstan's coronation in 925 and the birth of England itself in 927, I would like his name to become much better known. He really deserves that," says Woodman, a Professor at Robinson College and Cambridge's Faculty of History.

Woodman is working with other historians* towards a memorial for the king, which could be a statue, plaque or portrait in a location like Westminster, Eamont Bridge (where AEthelstan's authority in 927 was recognized by other British rulers) or Malmesbury (where he was buried). Woodman is also calling for the history of AEthelstan's reign to appear more routinely on the school curriculum.

"There has been so much focus on 1066, the moment when England was conquered. It's about time we thought about its formation, and the person who brought it together in the first place," Professor Woodman says.

Why isn't AEthelstan better known?

Woodman's book, published by Princeton University Press, blames a lack of public relations. "AEthelstan didn't have a biographer writing up his story," Woodman says. "His grandfather, Alfred the Great, had the Welsh cleric Asser to sing his praises. And within decades of AEthelstan's death, a wave of propaganda ensured King Edgar became famous for reforming the church. This completely overshadowed AEthelstan's earlier revamping of learning and religiosity."

In modern times, historians have tended to dismiss AEthelstan's status as England's first king, on the basis that the kingdom fragmented soon after his death in 939AD. The focus has instead shifted to Edgar. Woodman rejects this argument.




"Just because things broke down after AEthelstan's death doesn't mean that he didn't create England in the first place," Woodman says. "He was so ahead of his time in his political thinking, and his actions in bringing together the English kingdom were so hard-won, that it would have been more surprising if the kingdom had stayed together. We need to recognise that his legacy, his ways of governing and legislating, continued to shape kingship for generations afterwards."

Woodman cites a wealth of evidence to resurrect AEthelstan's reputation.

Military success

"Militarily, AEthelstan was supremely strong," Woodman says. "He had to be very robust to expand the kingdom and then to defend it."

AEthelstan had to contend with major Viking settlement in the north and the east. In 927AD, he acquired authority over the Viking stronghold at York, and, in bringing Northumbria within his dominion, became the first to rule over an area recognizable as 'England'.

As AEthelstan expanded his kingdom, he drew Welsh and Scottish kings into his royal assemblies. Large-scale surviving original diplomas, housed in the British Library, list the very many nobles he compelled to attend. The meetings of AEthelstan's assemblies must have been incredibly grand affairs, involving hundreds of people in total.




"These Welsh and Scottish kings must have bitterly resented being brought so far out of their territories," Woodman says. "An incredible tenth-century Welsh poem, The Great Prophecy of Britain, calls for the English to be slaughtered. It's difficult to date, but it may be a direct response to this expansion of AEthelstan's power."

Then, in 937AD, at the famous Battle of Brunanburh, AEthelstan brutally crushed a formidable Viking coalition, supported by Scots and the Strathclyde Welsh, determined to overthrow him.

"Brunanburh should be as well-known as the Battle of Hastings," Woodman says. "Every major chronicle, in England, Wales, Ireland and Scandinavia took note of this battle, its outcome and how many people were slaughtered. It was a critically important episode in the history of the newly-formed English kingdom."

Numerous locations have been proposed for the battle. Woodman is confident that it happened at what is now Bromborough on the Wirral. "That location makes sense strategically and the etymology of the name fits," he says.

Revolution of government

AEthelstan's most powerful legacy rests in his "revolution of government," Woodman suggests. Legal documents from AEthelstan's reign survive in relative abundance and, Woodman argues, take us right to the heart of the type of king he was.

"King Alfred must have been a role model for his grandson," Woodman says. "AEthelstan saw that a king should legislate and he really did. He took crime very seriously."

Once AEthelstan had created the English kingdom, royal documents known as 'diplomas' (in essence a grant of land by the king to a beneficiary) were suddenly transformed. Formerly short and straightforward, they were transformed into grandiose statements of royal power.

"They're written in a much more professional script and in amazingly learned Latin, full of literary devices like rhyme, alliteration, chiasmus," Woodman says. "They were designed to show off, he's trumpeting his success."

But Woodman also argues that government became increasingly efficient during AEthelstan's reign. "We can see him sending law codes out to different parts of the kingdom, and then reports coming back to him about what was working and what changes needed to be made."

"There is also some of the clearest evidence we have for centralized oversight of the production of royal documents, with one royal scribe put in charge of their production. No matter where the king and the royal assembly traveled, the royal scribe went too."

Woodman points out that AEthelstan brought England together just as parts of continental Europe were fragmenting. "Nobles across Europe were rising up and taking territory for themselves," he says. "AEthelstan made sure that he was well placed to take advantage of the unfolding of European politics by marrying a number of his half-sisters into continental ruling houses."

Learning and religion

Woodman argues that AEthelstan reversed a decline in learning brought by the Vikings and their destruction of churches. "AEthelstan was intellectually curious and scholars from all over Europe came to his court," Woodman says. "He sponsored learning and was a keen supporter of the church."

Two of Woodman's favorite pieces of evidence relate to Saint Cuthbert. The first, the earliest surviving manuscript portrait of any English monarch, appears in a 10th-century manuscript now cared for by The Parker Library at Corpus Christi College, Cambridge. AEthelstan's head is bowed as he stands before the saint. "Everyone should know about this portrait, it's one of the most important images in English history," says Woodman.

The manuscript was originally designed as a gift for the Community of Saint Cuthbert. "AEthelstan had just expanded into Northumbria and this manuscript cleverly includes a life of Saint Cuthbert," Woodman says. "He was trying to win them over to his cause."

Woodman felt even closer to AEthelstan while studying the Durham Liber Vitae. Begun in the ninth century, this manuscript chronologically lists the people who had a special connection to the Community of Saint Cuthbert, in alternating gold and silver lettering.

"If AEthelstan is going to appear, he should be many pages in, but in the tenth century someone visited Saint Cuthbert's Community and wrote 'AEthelstan Rex' right at the top. Seeing that was breathtakingly exciting. It's feasible that someone in his entourage was responsible. We know they visited the Community in 934 and this manuscript may have been on prominent display there, perhaps on its high altar."

Notes

*The group has been convened by Alex Burghart MP, and incudes the historian-broadcasters, Tom Holland and Michael Wood.

Reference

David Woodman, The First King of England: AEthelstan and the Birth of a Kingdom is published by Princeton University Press on 2nd September 2025 (ISBN:9780691249490)
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A rogue black hole is beaming energy from a nearby dwarf galaxy | ScienceDaily
Traditionally, black holes are usually thought to "reside" at the centers of galaxies. However, a research team led by Dr. AN Tao from the Shanghai Astronomical Observatory of the Chinese Academy of Sciences has discovered a wandering black hole in a dwarf galaxy located about 230 million light-years away (redshift z = 0.017).


						
Unlike typical black holes, this one is not located at the galactic center, but rather, it is offset by nearly one kiloparsec and is launching radio jets. This off-nuclear, in-situ, accreting black hole with jets, found in a nearby dwarf galaxy, is one of the closest and most convincing cases confirmed thus far.

The discovery, published online in Science Bulletin on September 4, strengthens the idea that black hole growth is not limited to galactic centers, offering a new perspective on how supermassive black holes could have grown so rapidly in the early universe.

Black Holes Are Not Always in Galactic Centers

In the common picture of the cosmos, black holes are often regarded as the "hearts" of galaxies. However, an increasing number of observations show that some black holes do not remain obediently at the galactic center. Instead, they are displaced, roaming through the galactic disk or outskirts. These displaced black holes are called wandering black holes, like lost travelers drifting across the universe.

Why look for them in dwarf galaxies? Dwarf galaxies have smaller masses and relatively simpler evolutionary histories. They act as "cosmic fossils" that preserve clues about the early growth of black holes. Theory predicts that gravitational recoil after galaxy mergers, or interactions involving multiple bodies, can easily kick black holes out of the shallow gravitational wells of dwarf galaxies, leaving them wandering thousands of light-years away. Some simulations even suggest that a considerable fraction of dwarf-galaxy black holes may be displaced by nearly a kiloparsec (about 3,000 light-years). Yet for a long time, direct and unambiguous observational evidence has been lacking.

New Discovery: A "Radio-loud Wandering Black Hole" in a Dwarf Galaxy

The researcher led by Dr. AN focused on a dwarf galaxy named MaNGA 12772-12704, located only about 230 million light-years away (z [?] 0.017) from the Earth. Using integral field unit data from the Mapping Nearby Galaxies at Apache Point Observatory (MaNGA) survey, they found that this galaxy exhibits weak active galactic nucleus (AGN) signatures. Although its overall morphology is regular and shows no obvious signs of merging or a double AGN, one key feature stood out: the associated radio emission is offset from the geometric center of the galaxy by nearly one kiloparsec (kpc).




Follow-up observations with the Very Long Baseline Array (VLBA) at 1.6 and 4.9 GHz revealed that the source lies 2.68 arcseconds away from the galactic center (corresponding to 0.94 kpc), with a radio core brightness temperature exceeding one billion kelvins. At 1.6 GHz, they detected a jet structure extending about 2.2 parsec (7.2 light-years) southeastward. These are typical AGN features.

Furthermore, by analyzing archival data spanning 1993-2023, the researchers discovered that the source exhibits irregular, long-term variability, becoming brighter and dimmer over decades. This behavior is consistent with sustained, in-situ accretion onto a black hole, and clearly distinct from the monotonically decreasing typical of supernova remnants, effectively ruling out such "impostors." Based on the stellar mass of the host galaxy, the black hole's mass is estimated to be about 300,000 times that of the Sun, placing it in the intermediate-mass black hole (IMBH) category.

Together, they confirmed that this is indeed an actively accreting, off-nuclear black hole with jets -- currently the nearest and most robustly confirmed case of its kind. "This is like a cosmic lighthouse lit by a wandering black hole, although it has strayed from the galactic center, it still shines outward with powerful energy," said Dr. LIU Yuanqi, a co-author of the study.

Rarity: Why Is This One So Important?

From a broader statistical perspective, this discovery is particularly striking. Out of more than 3,000 MaNGA dwarf galaxies, 628 showed possible AGN activity, and about 62% appeared offset from their optical centers. Only MaNGA 12772-12704 satisfied the "triple solid evidence" criteria: a compact high-brightness core, parsec-scale jets, and decades-long variability. This suggests that off-nuclear phenomena may not be uncommon. However, a "candidate" does not equal a confirmed detection.

"In dwarf galaxies especially, it is extremely difficult to obtain clear observational evidence for wandering AGN," said Dr. Mar Mezcua, a co-author of the study from the Institute of Space Sciences of Spain.




Scientific Breakthrough: A New Path for Black Hole Growth

The prevailing view has long been that supermassive black holes primarily grow at galactic centers, rapidly feeding on central gas reservoirs. This study, however, demonstrates that an intermediate-mass black hole located outside the galactic nucleus can also sustain accretion and produce jets. These findings provide direct observational support for the idea that distributed feeding and multi-site growth as a potential pathway for the rapid formation of supermassive black holes in the early universe.

"This discovery prompts us to rethink black hole-galaxy co-evolution. Black holes are not only central 'engines', they may also quietly reshape their host galaxies from the outskirts," said Dr. AN.

Even when located in a galaxy's "suburbs," wandering black holes can inject energy into the surroundings through powerful outflows, influencing galactic dynamics and star formation.

Outlook: Unveiling the Cosmic Population of "Invisible" Black Holes

This study transforms wandering black holes from theoretical speculation into direct observational reality. With the advent of next-generation telescopes, such "lost black holes" may no longer be rare. In the near future, extremely large optical telescopes will measure galactic centers and structures with higher precision. Meanwhile, deep, high-resolution radio surveys using facilities such as the Five-hundred-meter Aperture Spherical Telescope (FAST) core array and Square Kilometre Array will detect even fainter radio signals, potentially resolving sub-parsec-scale micro-jets. These advances will lead to breakthroughs in confirming and statistically studying off-nuclear black holes.

Perhaps, one day, we will recognize that wandering black holes are not rare at all, but rather silent travelers at the edges of galaxies, quietly shaping their hosts' cosmic evolution.

This study was supported by the National SKA Program of China, and the National Natural Science Foundation of China, among others.
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The phantom heat of empty space might soon be detectable | ScienceDaily
Researchers at Hiroshima University have developed a realistic, highly sensitive method to detect the Unruh effect -- a long-predicted phenomenon at the crossroads of relativity and quantum theory. Their novel approach opens new possibilities for exploring fundamental physics and for developing advanced technologies.


						
The work was recently published in Physical Review Letters.

The Fulling-Davies-Unruh effect, or simply the Unruh effect, is a striking theoretical prediction at the profound intersection of Albert Einstein's Theory of Relativity and Quantum Theory. "In quantum theory, even the vacuum seethes with tiny energy fluctuations, where particles and antiparticles briefly appear and vanish. Remarkably, the Unruh effect shows how these 'vacuum ripples' are perceived depends on the observer's motion. A stationary observer sees nothing, but an observer undergoing acceleration perceives them as real particles with a thermal energy distribution -- a 'quantum warmth'," said Noriyuki Hatakenaka, professor emeritus at Hiroshima University.

The counterintuitive result emphasizes the important connection between these two pillars of modern physics. If scientists could experimentally verify the Unruh effect, it would not only bridge the gap between general relativity and quantum mechanics but also provide profound insights into the nature of spacetime itself. Yet the experimental verification of the Unruh effect has been a long-standing and significant challenge in fundamental physics.

"The core problem has been the extraordinarily large accelerations -- on the order of 1020 m/s2 -- required to make this effect detectable, rendering its observation practically impossible with current technology at least in linear acceleration systems," said Haruna Katayama, assistant professor at Hiroshima University.

The researchers at Hiroshima University have proposed a promising approach to observe the Unruh effect. "Our work aims to overcome this fundamental hurdle by proposing a novel and feasible experimental method. We utilize the circular motion of metastable fluxon-antifluxon pairs within coupled annular Josephson junctions," said Hatakenaka. Advances in superconducting microfabrication allow the creation of circuits with extremely small radii, enabling immensely high effective accelerations and producing an Unruh temperature of a few kelvin -- high enough to be experimentally detectable with current technology.

"We have proposed a realistic, highly sensitive, and unambiguous method to detect the elusive Unruh effect. Our proposed system offers a clear pathway to experimentally observe this 'phantom heat' of acceleration for the first time," said Katayama. In their innovative setup, the "quantum warmth" induced by the circular acceleration causes fluctuations that trigger the splitting of the metastable fluxon-antifluxon pairs. Crucially, this splitting event manifests as a clear, macroscopic voltage jump across the superconducting circuit. This voltage jump serves as an undeniable and easily measurable signal, providing a direct and robust signature of the Unruh effect's presence. By statistically analyzing the distribution of these voltage jumps, the researchers can precisely measure the Unruh temperature with high accuracy.




"One of the most surprising aspects is that microscopic quantum fluctuations can induce sudden, macroscopic voltage jumps, making the elusive Unruh effect directly observable. Even more striking, the switching distribution shifts solely with acceleration while all other parameters remain fixed -- a clear statistical fingerprint of the Unruh effect itself," said Hatakenaka.

Looking ahead, Katayama said, "Our immediate next step is to conduct a detailed analysis of the decay processes of the fluxon-antifluxon pairs. This includes thoroughly investigating the role of macroscopic quantum tunneling, a quantum-mechanical phenomenon where particles can pass through potential barriers, which was not extensively explored in this initial work. Understanding these intricate decay mechanisms will be crucial for refining the experimental detection of the Unruh effect."

Their ultimate goal in this research is multifaceted. Beyond the immediate detection, they aim to investigate potential connections between this phenomenon and other quantum fields coupled to their detector. "By deepening our understanding of these novel quantum phenomena, we hope to contribute significantly to the search for a unified theory of all physical laws," said Hatakenaka.

The researchers note that the highly sensitive and broad-range detection capabilities developed in this research hold immense promise for paving the way for future applications, particularly in the field of advanced quantum sensing technologies. "We aspire for this work to open new avenues in fundamental physics and to inspire further exploration into the true nature of spacetime and quantum reality," said Katayama.

The research team includes Noriyuki Hatakenaka, professor emeritus in the Graduate School of Advanced Science and Engineering at Hiroshima University, and Haruna Katayama, assistant professor in the Graduate School of Advanced Science and Engineering at Hiroshima University.

This work was supported by JSPS KAKENHI Grants and by the HIRAKU-Global Program, which is funded by MEXT's "Strategic Professional Development Program for Young Researchers."
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A tiny mineral may hold the secret to feeding billions sustainably | ScienceDaily
The cultivation of rice -- the staple grain for more than 3.5 billion people around the world -- comes with extremely high environmental, climate and economic costs. But this may be about to change, thanks to new research led by scientists at the University of Massachusetts Amherst and China's Jiangnan University. They have shown that nanoscale applications of the element selenium can decrease the amount of fertilizer necessary for rice cultivation while sustaining yields, boosting nutrition, enhancing the soil's microbial diversity and cutting greenhouse gas emissions. What's more, in a new paper published in the Proceedings of the National Academy of Sciences, they demonstrate for the first time that such nanoscale applications work in real-world conditions.


						
"The Green Revolution massively boosted agriculture output during the middle of the last century," says Baoshan Xing, University Distinguished Professor of Environmental and Soil Chemistry, director of UMass' Stockbridge School of Agriculture, and co-senior author of the new research. "But that revolution is running out of steam. We need to figure out a way to fix it and make it work."

Part of what made the Green Revolution so revolutionary was the invention of synthetic, nitrogen-heavy fertilizers that could keep agricultural yields high. But they're expensive to make, they create an enormous amount of carbon dioxide, and much of the fertilizer washes away.

Most crops only use about 40-60% of the nitrogen applied to them, a measurement known as nitrogen use efficiency, or NUE, and the NUE of rice can be as low as 30% -- which means that 70% of what a farmer puts on their fields washes away into streams, lakes and the oceans, causing eutrophication, dead zones and a host of other environmental problems. It also means that 70% of the cost of the fertilizer is likewise wasted.

Furthermore, when nitrogen is applied to soils, it interacts with the soil's incredibly complex chemistry and microbes, and ultimately leads to vastly increased amounts of methane, ammonia and nitrous oxide -- all of which contribute to global warming. Furthermore, synthesizing fertilizer itself is a greenhouse-gas-heavy enterprise.

"Everybody knows that we need to improve NUE," says Xing -- the question is how?

What Xing and his co-authors, including lead author Chuanxi Wang and another senior author, Zhenyu Wang, professors of environmental processes and pollution control at Jiangnan University discovered, is that nanoscale selenium, an element crucial for plant and human health, when applied to the foliage and stems of the rice, reduced the negative environmental impacts of nitrogen fertilization by 41% and increased the economic benefits by 38.2% per ton of rice, relative to conventional practices.




"We used an aerial drone to lightly spray rice growing in a paddy with the suspension of nanoscale selenium," says Wang. "That direct contact means that the rice plant is far more efficient at absorbing the selenium than it would be if we applied it to the soil."

Selenium stimulates the plant's photosynthesis, which increased by more than 40%. Increased photosynthesis means the plant absorbs more CO2, which it then turns into carbohydrates. Those carbohydrates flow down into the plant's roots, which causes them to grow. Bigger, healthier roots release a host of organic compounds that cultivate beneficial microbes in the soil, and it's these microbes that then work symbiotically with the rice roots to pull more nitrogen and ammonium out of the soil and into the plant, increasing its NUE from 30 to 48.3%, decreasing the amount of nitrous oxide and ammonia release to the atmosphere by 18.8-45.6%.

With more nutrients coming in, the rice itself produces a higher yield, with a more nutritious grain: levels of protein, certain critical amino acids, and selenium also jumped.

On top of all of this, Xing, Wang and their colleagues found that their nano-selenium applications allowed farmers to reduce their nitrogen applications by 30%. Since rice cultivation accounts for 15-20% of the global nitrogen use, this new technique holds real promise for helping to meet the triple threat of growing population, climate change, and the rising economic and environmental costs of agriculture.
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Scientists crack the explosive secret of how diamonds reach the surface | ScienceDaily
If you've ever held or beheld a diamond, there's a good chance it came from a kimberlite. Over 70% of the world's diamonds are mined from these unique volcanic structures. Yet despite decades of study, scientists are still working to understand how exactly kimberlites erupt from deep in Earth's mantle to the surface.


						
Kimberlites -- carrot-shaped volcanic pipes that erupt from mantle depths greater than 150 km -- have long fascinated geologists as windows into the deep Earth. Their mantle-derived melt ascends rapidly through the mantle and crust, with some estimates suggesting ascent rates of up to 80 miles per hour before kimberlites erupt violently at the surface. Along the way, the magma captures xenoliths and xenocrysts, fragments of the rocks encountered on its path.

"They're very interesting and still very enigmatic rocks," despite being well-studied, says Ana Anzulovic, a doctoral research fellow at the University of Oslo's Centre for Planetary Habitability.

In a study published this month in the journal Geology, Anzulovic and colleagues from the University of Oslo have taken a major step toward solving the puzzle. By modelling how volatile compounds like carbon dioxide and water influence the buoyancy of proto-kimberlite melt relative to surrounding materials, they quantified for the first time what it takes to erupt a kimberlite.

Diamonds make it to the surface in kimberlites because their rapid ascent prevents them from reverting to graphite, which is more stable at shallow pressures and temperatures. But the composition of the kimberlite's original melt -- and how it rises so fast -- has remained mysterious.

"They start off as something that we cannot measure directly," says Anzulovic. "So we don't know what a proto-kimberlite, or parental, melt would be like. We know approximately but everything we know basically comes from the very altered rocks that get emplaced."

To constrain the composition of these parental melts, the team focused on the Jericho kimberlite, which erupted into the Slave craton of far northwest Canada. Using chemical modelling, they tested different original mixtures of carbon dioxide and water.




"Our idea was, well, let's try to create a chemical model of a kimberlite, then vary CO2 and H2O," says Anzulovic. "Think of it as trying to sample a kimberlite as it ascends at different pressure and temperature points."

The researchers used molecular dynamics software to simulate atomic forces and track how atoms in a kimberlite melt move under varying depths. From these calculations, they determined the density of the melt at different conditions and whether it remained buoyant enough to rise.

"The most important takeaway from this study is that we managed to constrain the amount of CO2 that you need in the Jericho kimberlite to successfully ascend through the Slave craton," Anzulovic says. "Our most volatile-rich composition can carry up to 44% of mantle peridotite, for example, to the surface, which is really an impressive number for such a low viscosity melt."

The study also shows how volatiles play distinct roles. Water increases diffusivity, keeping the melt fluid and mobile. Carbon dioxide helps structure the melt at high pressures but, near the surface, it degasses and drives the eruption upward. For the first time, researchers demonstrated that the Jericho kimberlite needs at least 8.2% CO2 to erupt; without it, diamonds would remain locked in the mantle.

"I was actually pretty surprised that I can take such a small scale system and actually observe, 'Okay, if I don't put any carbon in, this melt will be denser than the craton, so this will not erupt,'" says Anzulovic. "It's great that modeling kimberlite chemistry can have implications for such a large-scale process."
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Mushrooms evolved psychedelics twice, baffling scientists | ScienceDaily
"This concerns the biosynthesis of a molecule that has a very long history with humans," explains Prof. Dirk Hoffmeister, head of the research group Pharmaceutical Microbiology at Friedrich Schiller University Jena and the Leibniz Institute for Natural Product Research and Infection Biology (Leibniz-HKI). "We are referring to psilocybin, a substance found in so-called 'magic mushrooms', which our body converts into psilocin - a compound that can profoundly alter consciousness. However, psilocybin not only triggers psychedelic experiences, but is also considered a promising active compound in the treatment of therapy-resistant depression," says Hoffmeister.


						
Two paths, one molecule

The study, which was conducted within the Cluster of Excellence 'Balance of the Microverse', shows for the first time that fungi have developed the ability to produce psilocybin at least twice independently of each other. While Psilocybe species use a known enzyme toolkit for this purpose, fiber cap mushrooms employ a completely different biochemical arsenal - and yet arrive at the same molecule. This finding is considered an example of convergent evolution: different species have independently developed a similar trait, but the 'magic mushrooms' have gone their own way in doing so.

Searching for clues in fungal genomes

Tim Schafer, lead author of the study and doctoral researcher in Hoffmeister's team, explains: "It was like looking at two different workshops, but both ultimately delivering the same product. In the fiber caps, we found a unique set of enzymes that have nothing to do with those found in Psilocybe mushrooms. Nevertheless, they all catalyze the steps necessary to form psilocybin."

The researchers analyzed the enzymes in the laboratory. Protein models created by Innsbruck chemist Bernhard Rupp confirmed that the sequence of reactions differs significantly from that known in Psilocybe. "Here, nature has actually invented the same active compound twice," says Schafer.

However, why two such different groups of fungi produce the same active compound remains unclear. "The real answer is: we don't know," emphasizes Hoffmeister. "Nature does nothing without reason. So there must be an advantage to both fiber cap mushrooms in the forest and Psilocybe species on manure or wood mulch producing this molecule - we just don't know what it is yet."

"One possible reason could be that psilocybin is intended to deter predators. Even the smallest injuries cause Psilocybe mushrooms to turn blue through a chemical chain reaction, revealing the breakdown products of psilocybin. Perhaps the molecule is a type of chemical defense mechanism," says Hoffmeister.




More tools for biotechnology

Although it is still unclear why different fungi ultimately produce the same molecule, the discovery nevertheless has practical implications: "Now that we know about additional enzymes, we have more tools in our toolbox for the biotechnological production of psilocybin," explains Hoffmeister.

Schafer is also looking ahead: "We hope that our results will contribute to the future production of psilocybin for pharmaceuticals in bioreactors without the need for complex chemical syntheses." At the Leibniz-HKI in Jena, Hoffmeister's team is working closely with the Bio Pilot Plant, which is developing processes for producing natural products such as psilocybin on an industry-like scale.

At the same time, the study provides exciting insights into the diversity of chemical strategies used by fungi and their interactions with their environment. It thus addresses central questions of the Collaborative Research Center ChemBioSys and the Cluster of Excellence [?]'Balance of the Microverse' at Friedrich Schiller University Jena, within the framework of which the work was carried out and funded by the German Research Foundation (DFG), among others. While the CRC ChemBioSys investigates how natural compounds shape biological communities, the Cluster of Excellence focuses on the complex dynamics of microorganisms and their environment.
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Tylenol in pregnancy linked to higher autism risk, Harvard scientists report | ScienceDaily
When children are exposed to acetaminophen -- also known by the brand name Tylenol or as paracetamol -- during pregnancy, they may be more likely to develop neurodevelopmental disorders (NDDs) including autism and ADHD, according to a new study.


						
The study was published recently in BMC Environmental Health. Andrea Baccarelli, dean of the faculty at Harvard T.H. Chan School of Public Health and professor of environmental health, was senior author. The study was led by the Icahn School of Medicine at Mount Sinai and also included co-authors from other institutions.

The researchers analyzed results from 46 previous studies worldwide that investigated the potential link between prenatal acetaminophen use and subsequent NDDs in children. The researchers used the Navigation Guide Systematic Review methodology -- a gold-standard framework for synthesizing and evaluating environmental health data -- which enabled them to conduct a rigorous, comprehensive analysis that supported evidence of an association between acetaminophen exposure during pregnancy and increased incidence of NDDs.

The researchers noted that while steps should be taken to limit acetaminophen use, the drug is important for treating pain and fever during pregnancy, which can also harm the developing fetus. High fever can raise the risk of neural tube defects and preterm birth. "We recommend judicious acetaminophen use -- lowest effective dose, shortest duration -- under medical guidance, tailored to individual risk-benefit assessments, rather than a broad limitation," they wrote.

In late September, the Food and Drug Administration announced it would issue a letter to clinicians urging them to be cautious about the use of acetaminophen in pregnancy. Baccarelli said he had discussed his study with Health and Human Services Secretary Robert F. Kennedy Jr. in the weeks leading up to that announcement and provided the White House team with an statement noting his research found "evidence of an association" between prenatal exposure to acetaminophen and neurodevelopmental disorders. "That association is strongest when acetaminophen is taken for four weeks or longer," Baccarelli said.

The statement continued: "Further research is needed to confirm the association and determine causality, but based on existing evidence, I believe that caution about acetaminophen use during pregnancy -- especially heavy or prolonged use -- is warranted."

Baccarelli noted in the "competing interests" section of the research paper that he has served as an expert witness for plaintiffs in a case involving potential links between acetaminophen use during pregnancy and neurodevelopmental disorders.

The study was conducted in collaboration with the University of California, Los Angeles; University of Massachusetts Lowell; and Harvard T.H. Chan School of Public Health.

Funding for this study was provided by the National Cancer Institute (U54CA267776), the National Institute of Environmental Health Sciences (R35ES031688), and the National Institute on Aging (U01AG088684).
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Diamonds reveal hidden chemistry deep inside Earth | ScienceDaily
Diamonds from South Africa's Voorspoed mine have revealed the first natural evidence of nickel-rich metallic alloys forming deep in Earth's mantle, between 280-470 km (174-292 miles). A new study reveals that these inclusions coexist with nickel-rich carbonates, capturing a rare snapshot of a "redox-freezing" reaction whereby oxidized melts infiltrate reduced mantle rock. The growing diamond trapped both reactants and products of a diamond-forming reaction. This finding not only confirms long-standing predictions about mantle redox conditions but also highlights how such processes may fuel diamond formation of volatile-rich magmas that erupt from hundreds of kilometers and bring the diamond to the surface.


						
The Earth's mantle is a restless, enigmatic engine that powers volcanism, recycles crust, and regulates the long-term evolution of the planet. But one of its most elusive characteristics -- the redox state, or the balance of oxidized and reduced chemical species -- remains difficult to measure directly. A new study led by Yael Kempe and Yaakov Weiss, from the Hebrew University's Institute of Earth Sciences, offers a rare glimpse into these deep processes, captured within nano- and micro-inclusions in diamonds from South Africa's Voorspoed mine.

A Rare Discovery in the Depths

For decades, models and high-pressure experiments have suggested that nickel-rich metallic alloys should stabilize in the mantle at depths of roughly 250-300 km. Yet, natural samples confirming these predictions have been vanishingly scarce.

Working with colleagues from the University of Nevada, the University of Cambridge, and the Nanocenter at the Hebrew University, Weiss's team has now identified nickel-iron metallic nanoinclusions and nickel-rich carbonate microinclusions preserved inside diamonds that formed between 280-470 km below Earth's surface. These inclusions represent the first direct evidence of nickel-rich alloys at their predicted depth -- a long-sought validation of mantle redox models.

The diamonds' mineral cargo also includes coesite, K-rich aluminous phases, and molecular solid nitrogen inclusions, providing multiple pressure markers that firmly constrain their origin to the deep upper mantle and shallow transition zone.

Redox Snapshots Frozen in Carbon

The significance of the find goes beyond simple confirmation of theoretical models. The coexistence of nickel-iron alloy and nickel-rich carbonate points to a metasomatic redox-freezing reaction -- a dynamic interaction in which an oxidized carbonatitic-silicic melt infiltrated reduced, metal-bearing peridotite. It joins earlier evidence from shallower depths that this is the main mode of formation of natural diamonds.




In this environment, preferential oxidation of iron relative to nickel drove enrichment of the residual alloy in nickel. At the same time, nickel-rich carbonates and diamonds crystallized from the melt. In effect, the diamonds froze a fleeting geochemical moment: the conversion of a reduced mantle rock into a more oxidized, volatile-rich domain and the reduction of carbonates to form diamonds.

"This is a rare snapshot of mantle chemistry in action," says Weiss. "The diamonds act as tiny time capsules, preserving a reaction that would otherwise vanish as minerals re-equilibrate with their surroundings."

Implications for Mantle Dynamics and Magmatism

These findings carry broad implications. If localized metasomatic reactions periodically oxidize small portions of the mantle, they may help explain why some inclusions in other superdeep diamonds record unexpectedly high oxidized conditions.

Such processes also shed light on the origins of volatile-rich magmas. The enrichment of mantle peridotite in carbonate, potassium, and incompatible elements during these redox events could prime the mantle for the later formation of kimberlites, lamprophyres, and even some ocean island basalts. In other words, the tiny inclusions in Voorspoed diamonds hint at large-scale links between subduction, mantle redox dynamics, and the generation of magmas that shape continents and bring diamonds to the surface.

Diamonds as Mantle Witnesses

The study underscores the scientific value of diamonds as more than just gemstones. Their inclusions -- whether nanometer-scale alloys or high-pressure minerals -- offer one of the only natural records of conditions hundreds of kilometers beneath our feet.




Kempe and Weiss's work marks a milestone: the first natural confirmation of nickel-rich alloys at mantle depths predicted by theory, and a vivid illustration of how the deep Earth's redox landscape evolves through melt-rock interaction.

As researchers continue to probe these mineral time capsules, we may find that diamonds, once symbols of permanence, are also storytellers of change -- bearing witness to the mantle's hidden chemistry and the processes that continue to shape our dynamic planet.
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Dogs can tell how toys work without any training | ScienceDaily
As infants, humans naturally learn new words and their associations -- like the fact that forks are related to bowls because both are used to consume food. In a study published in the Cell Press journal Current Biology on September 18, a team of animal behavior experts demonstrate that dogs can categorize objects by function, too. In a series of playful interactions with their owners, a group of Gifted Word Learner (GWL) dogs were able to distinguish between toys used for tugging versus fetching, even when the toys in question didn't share any obvious physical similarities -- and then could remember those categorizations for long periods of time, all with no prior training.


						
"We discovered that these Gifted Word Learner dogs can extend labels to items that have the same function or that are used in the same way," says author Claudia Fugazza of Eotvos Lorand University, Budapest, Hungary. It's like a person calling both a traditional hammer and a rock by the same name, says Fugazza.

"The rock and the hammer look physically different, but they can be used for the same function," she says. "So now it turns out that these dogs can do the same."

The studies took place in the dogs' natural home environments with their human owners. At the beginning, the dogs spent time getting familiar with verbal labels for two functional groups of objects: pull and fetch. Their owners used these words with specific toys and played with them accordingly even though the toys didn't share any similar physical features.

Next, the dogs were tested to see if they had learned to connect the functional labels to the correct group of toys before playing with more novel toys in the two distinct categories. However, this time, their owners didn't use the "pull" and "fetch" labels for the dogs.

The team found that the dogs were able to extend the functional labels they'd learned previously to the new toys based on their experience playing with them. In the final test, the dogs showed that they could successfully apply the verbal labels to the toys by either pulling or fetching accordingly, even when their owners hadn't named them.

"For these new toys, they've never heard the name, but they have played either pull or fetch, and so the dog has to choose which toy was used to play which game," Fugazza says. "This was done in a natural setup, with no extensive training. It's just owners playing for a week with the toys. So, it's a natural type of interaction."

The authors note that the dogs' ability to connect verbal labels to objects based on their functional classifications and apart from the toys' physical attributes suggests that they form a mental representation of the objects based on their experience with their functions, which they can later recall. These findings provide insight into the evolution of basic skills related to language and their relationship to other cognitive abilities, including memory, the researchers say.




More research is needed to understand the scope and flexibility of dogs' language categorization abilities. The researchers suggest future studies to explore whether dogs that don't learn object labels may nevertheless have an ability to classify objects based on their functions.

"We have shown that dogs learn object labels really fast, and they remember them for a long period, even without rehearsing," Fugazza says. "And I think the way they extend labels also beyond perceptual similarities gives an idea of the breadth of what these labels could be for dogs."

This work was supported by National Brain Research Program NAP 3.0 of the Hungarian Academy of Sciences, MTA-ELTE Comparative Ethology Research Group, and TRIXIE.
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Fish love songs recorded for 12 years reveal a surprising shift | ScienceDaily
More than a decade of acoustic recordings of grouper grunts are providing new insight into how sound can be used to monitor and manage vulnerable fish populations. The research by Florida Atlantic University's Harbor Branch Oceanographic Institute focused on the red hind (Epinephelus guttatus), a commercially important Caribbean grouper species.


						
Red hind are protogynous hermaphrodites, starting life as females and later becoming males. Each winter, they travel more than 30 kilometers to offshore sites to spawn under the full moon in large gatherings. Males use rhythmic, low-frequency sounds to attract mates and to defend territory. This predictable behavior makes them especially vulnerable to overfishing during spawning season.

Rather than traditional survey methods, FAU Harbor Branch and FAU College of Engineering and Computer Science researchers, in collaboration with HJR Reefscaping, the University of the Virgin Islands, and the University of Puerto Rico, turned to passive acoustic monitoring. This technique enables continuous, long-term monitoring of reproductive behavior, even in remote or hard-to-access areas, without disrupting the animals or their habitat.

To examine how red hind reproductive behavior has changed over time, researchers analyzed more than 2,000 hours of underwater recordings from a single spawning site off Puerto Rico's west coast, continuously monitored since 2007.

Unlike most acoustic studies that track general sound levels, this research focused on specific mating calls tied to distinct behaviors. Red hind produce two primary sound types - one for courtship and another for territorial defense. Tracking these sounds over time allowed researchers to detect subtle shifts in spawning behavior and population dynamics.

The result, published in the ICES Journal of Marine Science, is one of the most extensive and uninterrupted acoustic datasets ever assembled for a reef fish species.

The analysis confirmed a consistent seasonal pattern in red hind spawning activity, closely aligned with lunar cycles. However, one of the most striking findings was a notable shift in the balance of call types over the 12-year period. Between 2011 and 2017, calls linked to courtship were more common. But starting in 2018, calls linked to competition and territorial behavior became dominant - nearly tripling over the study period.




"This shift could indicate changes in the population, such as an increase in the number of older or more dominant males, changes in sex ratios, or even a shift in the core spawning area," said Laurent Cherubin, Ph.D., lead author and a research professor at FAU Harbor Branch.

Researchers also observed more frequent and multiple peaks in sound production in recent years, suggesting that spawning may now be spread over more days in each lunar cycle than in the past. These changes could be responses to environmental or population shifts.

Importantly, the study shows that passive acoustic monitoring can be a powerful tool for tracking reproductive behavior over time and detecting early signs of population or behavioral change - information that is critical for managing and conserving red hind and similar reef fish species.

"What's remarkable is that even a single underwater microphone can reveal so much about fish populations," said Cherubin. "With consistent long-term monitoring, we can pick up early warning signs - like shifts in spawning behavior or population stress - and give resource managers the information they need to adapt conservation strategies before it's too late."

At the center of the analysis was an advanced machine-learning tool called FADAR (fish acoustic detection algorithm research). This custom-built acoustic classifier allowed the team to detect and distinguish between different types of mating calls with extraordinary speed and accuracy.

"This study shows how much we can learn simply by listening," said Cherubin. "Thanks to FADAR, we processed 12 years of acoustic data in weeks - uncovering patterns that would have taken years to find. It's a game changer for monitoring and managing reef fish like red hind."

By using advanced acoustic technology at a single site, researchers can detect shifts in reproductive behavior and population dynamics remotely, providing crucial early warning signs of stress. This kind of data is essential for resource managers developing strategies to protect spawning grounds and sustain fisheries.

"As passive acoustics advances, it's transforming our understanding of the ocean," said Cherubin. "By tuning in to underwater soundscapes, we're discovering not just when and where fish spawn, but how those patterns change over time - offering vital insights into the health of marine ecosystems."

Study co-authors are Caroline Woodward, United States Geological Survey; Michelle Scharer-Umpierre, Ph.D., associate researcher, HJR Reefscaping and the University of Puerto Rico-Mayaguez; Richard S. Nemeth, Ph.D., research professor, Center for Marine and Environmental Studies, University of the Virgin Islands; Richard Appeldoorn, Ph.D., a faculty member; and Evan Tuhoy, a Ph.D. candidate, both within the Department of Marine Sciences, University of Puerto Rico; and Ali K. Ibrahim, Ph.D., a research engineer in FAU's Department of Electrical Engineering and Computer Science.
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Stressed koalas are facing a deadly epidemic | ScienceDaily
Australian researchers have revealed a clear relationship between stress and increased disease risk in koalas in South East Queensland and on the New South Wales North Coast.


						
A study led by Dr Michaela Blyton at The University of Queensland measured and tracked the level of koala retrovirus (KoRV) in groups of captive and wild koalas.

"We wanted to see what happened to their KoRV loads over time and how it related to chlamydial infection and levels of the stress hormones cortisol and corticosterone in their feces," Dr Blyton said.

"Virus load likely weakens the immune system, so those with a higher KoRV load are more at risk of diseases such as Chlamydia which can cause blindness, infertility and death.

"Poor quality or disappearing habitat may increase stress and the koalas with higher average cortisol levels had higher average KoRV loads.

"We have confirmed the biggest threats faced by koalas of habitat loss and disease are connected - this is very important to know to improve support for remaining koala populations."

The 67 koalas in the study included wild koalas being treated for Chlamydia before being released, others in a Chlamydia vaccine trial and a small number of animals kept in captivity because of injury or ill health.




"Our study showed KoRV loads within individual animals were very stable over time," Dr Blyton said.

"Even when a koala with Chlamydia was successfully treated for that infection, their KoRV load did not decrease.

"That tells us the direction of causation is high KoRV load leading to an increased susceptibility to chlamydial infection and not the other way around.

"KoRV load could be underpinning the Chlamydia epidemic among koalas in northern New South Wales and South East Queensland."

The study at UQ's School of Chemistry and Molecular Biosciences was supported by the Port Macquarie Koala Hospital, Currumbin Wildlife Hospital and funded by the NSW Government under the NSW Koala Strategy.

"When we're looking at koala conservation strategies, we need to be taking a holistic approach because disease and environmental factors are linked," Dr Blyton said.




"The best thing is to preserve good quality habitat and the populations of koalas it supports.

"We are involved in Koala Conservation Australia's breed to release program, where we are now screening and preferencing animals with low KoRV loads to hopefully give their offspring greater protection against Chlamydia and other infectious diseases.

"We are also aiming to investigate antiretrovirals to reduce KoRV loads in individuals to give them a better chance of fighting off Chlamydia and reducing transmission to the next generation."

The research paper is in the Journal of General Virology, published by the Microbiology Society which is a membership charity for scientists interested in microbes, their effects and practical uses.
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10 people who beat 8,000 others to become NASA astronaut candidates | ScienceDaily
NASA's 10 new astronaut candidates were introduced on Monday, September 22, following a competitive selection process of more than 8,000 applicants from across the United States. The class now will complete nearly two years of training before becoming eligible for flight assignments supporting future science and exploration missions to low Earth orbit, the Moon, and Mars.


						
Acting NASA Administrator Sean Duffy welcomed the all-American 2025 astronaut candidate class during a ceremony at the agency's Johnson Space Center in Houston.

"I'm honored to welcome the next generation of American explorers to our agency! More than 8,000 people applied - scientists, pilots, engineers, dreamers from every corner of this nation. The 10 men and women sitting here today embody the truth that in America, regardless of where you start, there is no limit to what a determined dreamer can achieve - even going to space," said Duffy. "Together, we'll unlock the Golden Age of exploration."

The agency's 24th astronaut class reported for duty at NASA Johnson in mid-September and immediately began their training. Their curriculum includes instruction and skills development for complex operations aboard the International Space Station, Artemis missions to the Moon, and beyond. Specifically, training includes robotics, land and water survival, geology, foreign language, space medicine and physiology, and more, while also conducting simulated spacewalks and flying high-performance jets.

After graduation, the 2025 class will join the agency's active astronaut corps. Active astronauts are conducting science research aboard the space station while preparing for the transition to commercial space stations and the next great leaps in human exploration at the Moon and Mars. The candidates' operational expertise, scientific knowledge, and technical backgrounds are essential to advancing NASA's deep space exploration goals and sustaining a long-term human presence beyond low Earth orbit.

The 2025 astronaut candidates are:

Ben Bailey, 38, chief warrant officer 3, U.S. Army, was born and raised in Charlottesville, Virginia. He has a bachelor's degree in mechanical engineering from the University of Virginia and is completing a master's in systems engineering at the Naval Postgraduate School in Monterey, California. Bailey is a U.S. Naval Test Pilot School graduate with more than 2,000 flight hours in more than 30 different rotary and fixed-wing aircraft. At the time of his selection, Bailey was responsible for the developmental testing of emerging technologies aboard Army rotary wing aircraft, specializing in the UH-60 Black Hawk and CH-47F Chinook.




Lauren Edgar, 40, considers Sammamish, Washington, her hometown. She earned a bachelor's degree in Earth sciences from Dartmouth College, and her master's and doctorate in geology from the California Institute of Technology. Edgar has served as the deputy principal investigator for the Artemis III Geology Team. In this role, she helped define lunar science goals, geology activities NASA astronauts will conduct, and science operations for NASA's return to the Moon. She also spent more than 17 years supporting Mars exploration rovers. She was working at the U.S. Geological Survey at the time of her selection.

Adam Fuhrmann, 35, major, U.S. Air Force, is from Leesburg, Virginia, and has accumulated more than 2,100 flight hours in 27 aircraft, including the F-16 and F-35. He holds a bachelor's degree in aerospace engineering from the Massachusetts Institute of Technology and master's degrees in flight test engineering and systems engineering from the U.S. Air Force Test Pilot School and Purdue University, respectively. He has deployed in support of Operations Freedom's Sentinel and Resolute Support, logging 400 combat hours. At the time of his selection, Fuhrmann served as the director of operations for an Air Force flight test unit.

Cameron Jones, 35, major, U.S. Air Force, is a native of Savanna, Illinois. He holds bachelor's and master's degrees in aerospace engineering from the University of Illinois at Urbana-Champaign. He is also a graduate of the U.S. Air Force Test Pilot School at Edwards Air Force Base in California and the U.S. Air Force Weapons School at Nellis Air Force Base in Nevada. He's an experienced test pilot with more than 1,600 flight hours in more than 30 different aircraft, including 150 combat hours. The majority of his flight time is in the F-22 Raptor. At the time of his selection, Jones was an Air Force Academic Fellow at the Defense Advanced Research Projects Agency.

Yuri Kubo, 40, is a native of Columbus, Indiana. He earned a bachelor's degree in electrical engineering and a master's in electrical and computer engineering from Purdue University. He spent 12 years working across various teams at SpaceX, including as launch director for Falcon 9 rocket launches, director of avionics for the Starshield program, and director of Ground Segment. Earlier in his career, Kubo was a co-op student at NASA Johnson, where he completed multiple tours supporting the Orion spacecraft, the International Space Station, and the Space Shuttle Program. At the time of his selection, Kubo was the senior vice president of Engineering at Electric Hydrogen.

Rebecca Lawler, 38, is a native of Little Elm, Texas, and a former lieutenant commander in the U.S. Navy. She is a former Navy P-3 pilot and experimental test pilot with more than 2,800 flight hours in more than 45 aircraft. Lawler holds a bachelor's degree in mechanical engineering from the U.S. Naval Academy and master's degrees from Johns Hopkins University and the National Test Pilot School. She also is a U.S. Naval Test Pilot School graduate. Lawler also flew as a National Oceanic and Atmospheric Administration hurricane hunter and during NASA's Operation IceBridge. She was a test pilot for United Airlines at the time of selection.

Anna Menon, 39, is from Houston and earned her bachelor's degree from Texas Christian University with a double major in mathematics and Spanish. She also holds a master's in biomedical engineering from Duke University. Menon previously worked in the Mission Control Center at NASA Johnson, supporting medical hardware and software aboard the International Space Station. In 2024, Menon flew to space as a mission specialist and medical officer aboard SpaceX's Polaris Dawn. The mission saw a new female altitude record, the first commercial spacewalk, and the completion of approximately 40 research experiments. At the time of her selection, Menon was a senior engineer at SpaceX.




Imelda Muller, 34, considers Copake Falls, New York, her hometown. She formerly was a lieutenant in the U.S. Navy and served as an undersea medical officer after training at the Naval Undersea Medical Institute. Muller earned a bachelor's degree in behavioral neuroscience from Northeastern University and a medical degree from the University of Vermont College of Medicine. Her experience includes providing medical support during Navy operational diving training at NASA's Neutral Buoyancy Laboratory. At the time of her selection, Muller was completing a residency in anesthesia at Johns Hopkins School of Medicine in Baltimore.

Erin Overcash, 34, lieutenant commander, U.S. Navy, is from Goshen, Kentucky. She holds a bachelor's degree in aerospace engineering and a master's in bioastronautics from the University of Colorado, Boulder. A U.S. Naval Test Pilot School graduate, Overcash is an experienced F/A-18E and F/A-18F Super Hornet pilot with multiple deployments. She has logged more than 1,300 flight hours in 20 aircraft, including 249 carrier arrested landings. Overcash was part of the Navy's World Class Athlete Program and trained full-time at the Olympic Training Center with the USA Rugby Women's National Team. She was training for a squadron department head tour at the time of selection.

Katherine Spies, 43, is a native of San Diego and holds a bachelor's degree in chemical engineering from the University of Southern California and a master's in design engineering from Harvard University. She is a former Marine Corps AH-1 attack helicopter pilot and experimental test pilot, with more than 2,000 flight hours in more than 30 different aircraft. A graduate of the U.S. Naval Test Pilot School, she served as UH-1Y/AH-1Z project officer and AH-1W platform coordinator during her time on active duty. At the time of her selection, Spies was the director of flight test engineering at Gulfstream Aerospace Corporation.

With the addition of these 10 individuals, NASA now has recruited 370 astronaut candidates since selecting the original Mercury Seven in 1959.

"Today, our mission propels us even further as we prepare for our next giant leap with NASA's newest astronaut candidate class," said Vanessa Wyche, director of NASA Johnson. "Representing America's best and brightest, this astronaut candidate class will usher in the Golden Age of innovation and exploration as we push toward the Moon and Mars."
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NASA's Mars rover Curiosity captures stunning details of alien rock formations | ScienceDaily
Earth planning date: Friday, Sept. 5, 2025


						
Curiosity is in the midst of the boxwork campaign, trying to decipher why we see such pronounced ridges and hollows in this area of Mount Sharp. When this terrain was first identified from orbit it was hypothesized that the ridges may be the result of cementation by circulating fluids, followed by differential erosion of the less resistant bedrock in between (the hollows that we now observe).

We have been exploring the boxwork terrain documenting textures, structures and composition to investigate potential differences between ridges and hollows. One of the textural features we have observed are nodules in varying abundance. The focus of our activities this week was to document the transition from smoother bedrock atop a boxwork ridge to more nodular bedrock associated with the edge of a shallow hollow.

In Tuesday's three-sol plan we analyzed the smoother bedrock within the ridge, documenting textures with MAHLI, Mastcam, and ChemCam RMI, and chemistry with ChemCam LIBS and APXS. Curiosity then successfully bumped towards the edge of the ridge/hollow to place the more nodular bedrock in our workspace. Friday's three-sol plan was basically a repeat of the previous observations, but this time focused on the more nodular bedrock. The planned drive should take us to another boxwork ridge, and closer to the area where we plan to drill into one of the ridges.

As the APXS strategic planner this week, I helped to select the rock targets for analysis by our instrument, ensuring they were safe to touch and that they met the science intent of the boxwork campaign. I also communicated to the rest of the team the most recent results from our APXS compositional analyses and how they fit into our investigation of the boxwork terrain. This will help to inform our fast-approaching decision about where to drill.

Both plans included Mastcam and ChemCam long-distance RMI imaging of more distant features, including other boxwork ridges and hollows, buttes, the yardang unit, and Gale crater rim. Planned environmental activities continue to monitor dust in the atmosphere, dust-devil activity, and clouds. Standard REMS, RAD, and DAN activities round out the week's activities.

Written by Lucy Thompson, Planetary Scientist and APXS Team Member, University of New Brunswick, Canada.
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The Universe's first magnetic fields were shockingly weak, but changed everything | ScienceDaily
The magnetic fields that formed in the very early stages of the Universe, may have been billions of times weaker than a small fridge magnet, with strengths comparable to magnetism generated by neurons in the human brain. Yet, despite such weakness, quantifiable traces of their existence still remain in the cosmic web, the visible cosmic structures connected throughout the Universe. These conclusions emerge from a study using around a quarter of a million computer simulations, conducted by a team from SISSA (the International School for Advanced Studies based in Trieste) in collaboration with the Universities of Hertfordshire, Cambridge, Nottingham, Stanford, and Potsdam. Observational data were subsequently used to validate these findings. The research, recently published in Physical Review Letters, specifies both possible and maximum values for the strengths of primordial magnetic fields. It also offers the possibility of refining our knowledge of the early Universe and the formation of the first stars and galaxies.


						
A magnetic cosmic web

"The cosmic web, of which much remains to be discovered, is a filamentary structure connecting the galaxies that permeates the Universe. One of its many unsolved mysteries is why it is magnetized, not only near galaxies, where this might be expected, but also in distant regions that are sparsely populated and constitute the bulk of the cosmic web. This is harder to explain." These comments come from Mak Pavicevic, a SISSA PhD student and lead author of the research, and Matteo Viel, his supervisor and co-author of the study. "Our hypothesis was that this could be a legacy of events occurring in cosmic epochs during the birth of the Universe, and that magnetism was linked essentially to physical processes in the primordial Universe. For example, the filaments would have become magnetized during the inflation process before the so-called "Big Bang" or through events in later epochs, called phase transitions. This is what we sought to ascertain with our work. We also wished to assess the magnitude of these primordial magnetic fields through our investigations, establishing an upper limit and attempting to measure their strengths."

At the origin of the Universe with a quarter of a million simulations

The international team used over 250,000 computer simulations to study the cosmic web and better understand the influence of primordial magnetic fields. Vid Irsic from University of Hertfordshire, and a co-author of the study, emphasizes that "these are the most realistic and largest suite state-of-the-art simulations of the influence of primordial magnetic field on the intergalactic cosmic web." Pavicevic and Viel explain: "By comparing these simulations with observational data, we saw that our hypotheses were correct. When the influence of primordial fields is included in the picture, the cosmic web looks different and more in agreement with observed data. In particular, we can say that a standard model of the Universe with a very weak magnetic field of around 0.2 nano-gauss actually fits experimental data much better."

The magnitude of primordial magnetic fields: a new upper limit

The scientists have derived a particularly low value for the magnitude of the primordial magnetic fields, establishing a new upper limit several times lower than previously estimated. Pavicevic and Viel continue: "Our research thus places strict limits on the intensity of magnetic fields formed in the very early moments of the Universe and is consistent with recent results obtained in independent data and studies on the cosmic microwave background. The two scientists explain: "This evidence will help us to improve our understanding of events in the early Universe. The magnetic field would have increased the density of the cosmic web, in turn accelerating the process of star and galaxy formation. It will be possible to further validate our results through observations made by the James Webb Space Telescope." Vid Irsic concludes: "Not only will these new limits help us understand the impact of the primordial magnetic fields on the evolution of the Cosmo, but they also hold important implications for other theoretical models that enhance structure formation."
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Student's pinkie-sized fossil reveals a new croc species | ScienceDaily
About 95 million years ago, a juvenile crocodyliform nicknamed Elton lived in what is now southwest Montana at the edge of the Western Interior Seaway.


						
Measuring no more than 2 feet long from nose to tip of tail, young Elton was about the size of a big lizard, according to Montana State University professor of paleontology David Varricchio. Had it lived to be full grown, Elton would have measured no longer than 3 feet, far smaller than most members of the Neosuchia clade to which it and its distant relatives belong. The clade includes modern crocodilians and their closest extinct relatives, almost all of them semiaquatic or marine carnivores with simple, conical teeth.

Elton, by contrast, lived on the land, probably feasting on both plants and insects or small animals with its assortment of differently shaped and specialized teeth. Its unique anatomy reveals that it was part of a new, previously unrecognized family of crocodyliforms endemic to the Cretaceous of North America.

If not for the sharp eye of Harrison Allen, a 2023 graduate of MSU's Department of Earth Sciences in the College of Letters and Science, Elton's ancient remains may never have been discovered. But during a dig in the summer of 2021 in the Blackleaf geological formation on U.S. Forest Service land near Dillon, Allen - then a student in Varricchio's field paleontology course - noticed a fossil the size of the tip of his pinkie with a "weird texture on it."

"I brought it to Dr. Varricchio and knew it must be something good, because he said, 'Take me to where you found this,'" said Allen, who is now studying croc paleontology as a doctoral student at Stony Brook University in New York.

It was an exciting moment for Allen, originally from Kentucky, who chose MSU because it offers a paleontology track for undergraduates majoring in earth sciences. Four years and hundreds of hours of study later, he is the lead author of a paper published this week in the Journal of Vertebrate Paleontology that describes the morphology and scientific significance of the creature whose remains he found in the Blackleaf Formation.

"After the dig, Dr. Varricchio told me why he was so excited the day I found the initial specimen. It had so much visible anatomy to explore, and he could see it was a tiny, tiny croc skull, fully articulated and preserved - it was a special thing," Allen said. "We have found dinosaurs (in the Blackleaf) before, but this was the second known vertebrate animal we'd ever found in this formation."

The extinct animal, which Allen and the paper's co-authors later named Thikarisuchus xenodentes for its strange, sheathed teeth, has provided new information about the paleoecology of the Blackleaf ecosystem and about patterns of evolution in the croc family tree.




It also provided the ultimate undergraduate research project for Allen, who delved into the painstaking process of excavating, sifting and reconstructing the Thikarisuchus remains with the help of some fellow students.

"As an undergraduate student new to research, I nervously went up to Dr. Varricchio and asked if I could study this specimen," Allen said. "It led me down the rabbit hole into this amazing world of prehistoric, extinct crocs and their evolutionary niches."

The day after Allen recovered the first piece of skeleton, he and his classmates scooped up several bags of sediment from the mound where it was found. Back in Bozeman, Allen and his friend Dane Johnson, who graduated in 2022 and is now a paleontology lab and field specialist at MSU's Museum of the Rockies, spent between 10 and 20 hours sifting out fine particulate matter and dirt, eventually recovering dozens of tiny pieces of the Thikarisuchus skeleton that collectively fit into the palm of Allen's hand. As they worked, they listened to music, including Elton John's 1970s hit "Crocodile Rock." The nickname "Elton" stuck, long before the specimen was assigned the scientific name that reflects its physical traits.

Allen and Johnson recovered bits of bone from almost all areas of the animal's body, including its limbs, vertebrae, jaw and 50-millimeter-long skull. Because the fragments were tiny and exceptionally fragile, the students didn't attempt to physically reassemble them. Instead, they took them for a series of CT scans, including some at MSU's Subzero Research Laboratory. Allen estimates that he spent well over 100 hours coloring the digital, 2D segment slices that the scans produced, a process necessary to visually distinguish the bones from the rocks they were embedded in.

"Harrison worked super hard to digitally reconstruct the animal, and it came out beautifully," said Varricchio.

During the process, Allen discovered that the bones of Thikarisuchus were densely concentrated and organized in a manner consistent with fossils of organisms found in burrows in the Blackleaf Formation and the nearby Wayan Formation in Idaho. He said this suggests that Thikarisuchus was likewise preserved within a burrow, further supporting the notion that fossils recovered from these formations are biased toward those that were preserved in burrows.




The specimen also presented clues about Thikarisuchus' newly named family group Wannchampsidae and a similar group found in Eurasia known as Atopasauridae. Both groups were tiny and terrestrially adapted, and they shared certain cranial and dental features found in another more distantly related group from the Cretaceous of Africa and South America.

"It suggests that during the same time period, we're seeing convergent evolution between two distantly related groups due to similar environmental conditions, prey availability and who-knows-what that prompted crocs on opposite sides of the planet to develop similar features," Allen said.

As he works toward his Ph.D. and a career as a paleontology professor, Allen said his experiences with Elton cemented his research interest, which has since broadened to include extinct crocs from all over the world.

"The majority of diversity of crocodyliforms is in the past. There were fully marine crocs, fully terrestrial crocs, herbivorous crocs, omnivores and some that cracked shells," he said. "That amazed me and made me want to get into this more specific realm of paleontology."

Varricchio said he feels fortunate that students like Allen choose to study at MSU.

"It was a true pleasure to have Harrison as a student here - so much positive enthusiasm, followed up with great research," he said.
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How dehydration secretly fuels anxiety and health problems | ScienceDaily
Drinking too little water could increase our vulnerability to stress-related health issues, according to a new study from scientists at LJMU.


						
People who drink less than the recommended daily fluid intake experience a greater stress hormone response, which is associated with an increased risk of heart disease, diabetes and depression.

A new study, published recently in the Journal of Applied Physiology, found that individuals who drank less than 1.5 liters of fluid - or seven cups of tea - per day had a cortisol response to stress that was over 50% higher than those who met daily water intake recommendations.

Study lead Professor Neil Walsh, a physiologist in LJMU's School of Sport and Exercise Sciences, said: "Cortisol is the body's primary stress hormone and exaggerated cortisol reactivity to stress is associated with an increased risk of heart disease, diabetes and depression."

"If you know you have a looming deadline or a speech to make, keeping a water bottle close could be a good habit with potential benefits for your long-term health."

Poor long-term health 

With the project funded by Danone R&I, Neil and his team divided healthy young adults into two equally sized groups, representing the lowest and highest 25% for daily fluid intake. The 'low fluid' group consisted of individuals who typically drank less than 1.5 liters of fluid per day (water, hot drinks etc.). The 'high fluid' group included individuals who regularly met the daily water intake recommendations - 2 liters for women and 2.5 liters for men. Both groups were matched for key factors known to influence stress responses such as psychological characteristics and sleep.




Participants maintained their usual drinking habits for one week, during which hydration levels were monitored in blood and urine samples. Then participants underwent the Trier Social Stress Test, widely used to simulate real-world stress through a mock job interview and a mental arithmetic task.

Dr Daniel Kashi, a member of the study team, said: "Both groups felt equally anxious and experienced similar increases in heart rate during the stress test. However, only the 'low fluid' group showed a significant increase in saliva cortisol in response to the stress test."

He added: "Although the low fluid group did not report being thirstier than the high fluid group, they had darker and more concentrated urine, clear signs of poor hydration. An important observation was that poor hydration was associated with greater cortisol reactivity to the stress test. Exaggerated cortisol reactivity to stress has been associated with poor long-term health."
"If you have a stressful schedule, keeping a bottle of water close could be a good habit."

Dr Daniel Kashi, physiologist, LJMU

Why is dehydration harmful? 

The answer lies in the body's water-regulation system, which is closely connected to the brain's stress-response center. When the body senses dehydration, whether due to inadequate fluid intake or excessive fluid loss, it triggers the release of a hormone called vasopressin. Vasopressin acts primarily on the kidneys, promoting water reabsorption to maintain blood volume and electrolyte balance. This conservation mechanism comes at a cost. Sustained vasopressin release places additional strain on the kidneys, which must work harder to concentrate urine and manage electrolyte balance.




Vasopressin also acts on the brain's stress-response center, the hypothalamus, where it can influence the release of cortisol. This dual role for vasopressin helps maintain blood volume and electrolyte balance but also increases cortisol.

The researchers say that while further long-term studies are needed, the findings reinforce current water intake recommendations - approximately 2 liters of fluid each day for women and 2.5 liters for men.

Hydration helps us manage stress 

"Being hydrated may help your body manage stress more effectively," added Dr Kashi. A practical way to check your hydration status is to monitor your urine colour -- light yellow typically indicates good hydration.

"If you know, for example, that you have a stressful schedule, maybe a looming deadline or a speech to make, keeping a water bottle close could be a good habit with potential benefits for your long-term health."
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Can meditation apps really reduce stress, anxiety, and insomnia? | ScienceDaily
Do you have a meditation app on your smartphone, computer or wearable device? Well, you're not alone.


						
There are now thousands of meditation apps available worldwide, the top 10 of which have been collectively downloaded more than 300 million times. What's more, early work on these digital meditation platforms shows that even relatively brief usage can lead to benefits, from reduced depression, anxiety, and stress to improved insomnia symptoms.

"Meditation apps, such as Calm and Headspace, have been enormously popular in the commercial market," said J. David Creswell, a health psychologist at Carnegie Mellon University and lead author of a review paper on meditation apps, published today in the journal American Psychologist. "What they're doing now is not only engaging millions of users every day, but they're also creating new scientific opportunities and challenges."

One huge boon provided by meditation apps for users is access.

"You can imagine a farmer in rural Nebraska not having many available opportunities to go to traditional group-based meditation programs, and now they have an app in their pocket which is available 24/7," said Creswell, who is the William S. Dietrich II Professor in Psychology and Neuroscience.

Meditation apps also provide scientists with opportunities to scale up their research.

"Historically, I might bring 300 irritable bowel syndrome patients into my lab and study the impacts of meditation on pain management," said Creswell. "But now I'm thinking, how do we harness the capacity of meditation apps and wearable health sensors to study 30,000 irritable bowel syndrome patients across the world?"

Combined with products that measure heart rate and sleep patterns, such as Fitbit and the Apple Watch, meditation apps now also have the capacity to incorporate biometrics into meditation practices like never before.




The biggest takeaway, though, is that meditation apps are fundamentally changing the way these practices are distributed to the general public. Scientific studies of use patterns show that meditation apps account for 96 percent of overall users in the mental health app marketplace.

"Meditation apps dominate the mental health app market," said Creswell. "And this paper is really the first to lay out the new normal and challenge researchers and tech developers to think in new ways about the disruptive nature of these apps and their reach."

Meditation apps challenge users to train their minds, in small initial training doses

As with in-person meditation training, meditation apps start by meeting users where they are. Introductory courses may focus on breathing or mindfulness, but they tend to do so in small doses, the merits of which are still being debated.

According to the data, just 10 to 21 minutes of meditation app exercises done three times a week is enough to see measurable results.

"Of course, that looks really different from the daily meditation practice you might get within an in-person group-based meditation program, which might be 30 to 45 minutes a day," said Creswell.




The a la carte nature of meditation through a smartphone app may appeal to those pressed for time or without the budget for in-person coaching sessions. Users may also find it comforting to know that they have access to guided meditation on-demand, rather than at scheduled places, days, and times.

"Maybe you're waiting in line at Starbucks, and you've got three minutes to do a brief check-in mindfulness training practice," said Creswell.

Finally, as meditation apps continue to evolve, Creswell believes integration of AI, such as meditation-guiding chat-bots, will only become more common, and this will offer the option of even more personalization. This could mark an important development for meditation adoption at large, as offerings go from one-size-fits all group classes to training sessions tailored to the individual.

"People use meditation for different things, and there's a big difference between someone looking to optimize their free-throw shooting performance and someone trying to alleviate chronic pain," said Creswell, who has trained Olympic athletes in the past.

The elephant in the room

Of course, with new technology comes new challenges, and for meditation apps, continued engagement remains a huge problem.

"The engagement problem is not specific to meditation apps," said Creswell. "But the numbers are really sobering. Ninety-five percent of participants who download a meditation app aren't using it after 30 days."

If the meditation app industry is going to succeed, it will need to find ways to keep its users engaged, as apps like Duolingo have. But overall, Creswell said the market demand is clearly there.

"People are suffering right now. There are just unbelievably high levels of stress and loneliness in the world, and these tools have tremendous potential to help," he said.

"I don't think there is ever going to be a complete replacement for a good, in-person meditation group or teacher," said Creswell. "But I think meditation apps are a great first step for anyone who wants to dip their toes in and start training up their mindfulness skills. The initial studies show that these meditation apps help with symptom relief and even reduce stress biomarkers."
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This vibrant moth fooled scientists for generations | ScienceDaily
A beautiful, colorful moth, previously mistaken for over a century, has been revealed as a new species by entomologist Dr Peter Huemer of the Tyrolean State Museum Ferdinandeum in Innsbruck, Austria.


						
Described in the open-access journal Alpine Entomology, the new species, now officially named Carcina ingridmariae, had long been overlooked due to its close resemblance to the widespread oak carcina (Carcina quercana), a moth familiar across Europe and first described in 1775.

Despite its vibrant pink and yellow hues, Carcina ingridmariae escaped detection until advances in DNA barcoding revealed significant genetic differences of more than 6% from its lookalike relative. Subsequent analysis of the insects' sexual organs confirmed the molecular findings, leading to the revelation that two distinct species have been hiding in plain sight.

The new species has a wingspan of about 2 cm, and is found across the eastern Mediterranean, from Croatia and Greece to Cyprus and Turkey. Its larvae likely feed on various oak species, similar to its counterpart. However, dedicated studies on its biology and distribution remain ongoing.

In recognition of enduring support throughout his career, Dr Huemer dedicated the discovery to his wife, Ingrid Maria, naming the moth after her on their 42nd wedding anniversary.

Huemer, who has described more than 200 species from Europe over 35 years said: "It is without doubt the prettiest species I have encountered in my long scientific career, even though it is still unnamed." It was therefore "obvious" to Huemer that the new species should be given his wife's name.
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Insects are disappearing from the last places we thought were safe | ScienceDaily
A new study from the University of North Carolina at Chapel Hill shows that insect populations are rapidly declining even in relatively undisturbed landscapes, raising concerns about the health of ecosystems that depend on them.


						
Keith Sockman, associate professor of biology at UNC-Chapel Hill, quantified the abundance of flying insects during 15 seasons between 2004 and 2024 on a subalpine meadow in Colorado, a site with 38 years of weather data and minimal direct human impact. He discovered an average annual decline of 6.6% in insect abundance, amounting to a 72.4% drop over the 20-year period. The study also found that this steep decline is associated with rising summer temperatures.

"Insects have a unique, if inauspicious position in the biodiversity crisis due to the ecological services, such as nutrient cycling and pollination, they provide and to their vulnerability to environmental change," Sockman said. "Insects are necessary for terrestrial and fresh-water ecosystems to function."

The findings address a critical gap in global insect research. While many reports of insect declines focus on habitats altered by human activity, few examine populations in relatively pristine areas. This study demonstrates that dramatic losses can occur even where direct human impacts are minimal, suggesting climate change may be a key driver.

"Several recent studies report significant insect declines across a variety of human-altered ecosystems, particularly in North America and Europe," Sockman said. "Most such studies report on ecosystems that have been directly impacted by humans or are surrounded by impacted areas, raising questions about insect declines and their drivers in more natural areas."

Sockman emphasizes the urgency of these results for biodiversity conservation: "Mountains are host to disproportionately high numbers of locally adapted endemic species, including insects. Thus, the status of mountains as biodiversity hotspots may be in jeopardy if the declines shown here reflect trends broadly."

This research highlights the need for more comprehensive monitoring of insect populations in a variety of landscapes and adds urgency to addressing climate change. By showing that even remote ecosystems are not immune, the study underscores the global scale of the biodiversity crisis.
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Dementia-like clumps found in cells before cancer strikes | ScienceDaily
Cancer Research UK-funded scientists have uncovered dementia-like behavior in pancreas cells at risk of turning into cancer. The findings provide clues that could help in the treatment and prevention of pancreatic cancer, a difficult-to-treat disease linked to 6,900 deaths in the UK every year.*


						
The research was published on August 15 in the journal Developmental Cell, and was funded by Cancer Research UK, with additional support from Wellcome, theMedical Research Council, and the Biotechnology and Biological Sciences Research Council.

Researchers from the Cancer Research UK Scotland Centre studied pancreas cells in mice over time, to see what was causing healthy cells to turn into cancer cells. They discovered that pancreatic cells at risk of becoming cancerous, known as pre-cancers, develop faults in the cell's recycling process (known as "autophagy").

In pre-cancer cells, the researchers noticed excess "problem protein" molecules forming clumps - behavior seen in neurological diseases such as dementia. The researchers also noticed similar clumping occurring in human pancreas samples, suggesting this happens during pancreatic cancer development.

Cancer Research UK Senior Fellow at the Institute of Genetics and Cancer at the University of Edinburgh, Professor Simon Wilkinson, said: "Our research shows the potential role autophagy disruption plays in the beginnings of pancreatic cancer. While early stage, we can potentially learn from research into other diseases where we see protein clumping, such as dementia, to better understand this aggressive type of cancer and how to prevent it."

Although survival for many types of cancer has improved over recent decades, this has not been the case for pancreatic cancer. This is partly because it is often diagnosed at a late stage, where treatment options are limited.** To address this, the researchers wanted to learn more about what may be causing pancreas cells to turn into cancer.

Multiple cancer types, including pancreatic cancer, are linked to a faulty mutation in a gene called KRAS, but scientists are increasingly learning that genetic changes are not the whole story.




One of the ways cells keep people healthy is by breaking down excess molecules they no longer need, through a recycling process called "autophagy." Autophagy is particularly important in the pancreas to control the level of digestive proteins and hormones the pancreas produces to help break down food.

Scientists have studied autophagy in detail over many years and are learning the key role it plays in diseases such as cancer. In some cases, cancer cells can become "addicted" to autophagy, hijacking the recycling process to help cancer cells divide and grow more quickly***.

This research, on the other hand, suggests the combined effect of the faulty KRAS gene and disrupted autophagy could be driving the development of pancreatic cancer. The researchers plan to study these processes in more detail, to see if they can help predict or possibly reverse the start of pancreatic cancer, and if factors like age, sex, or diet play a role.

Executive Director of Research and Innovation at Cancer Research UK, Dr Iain Foulkes, said:

"Around 10,500 people are diagnosed with pancreatic cancer in the UK each year and, sadly, too many of those cases are found at a stage where treatment options are limited. While further work is needed, these findings could provide vital clues into how we can better understand how pancreatic cancer develops."

Research into pancreatic cancer is one of Cancer Research UK's top priorities. We fund research into the causes of pancreatic cancer, tests to diagnose the disease, and clinical trials designed to look at improving treatment, reducing side effects, and controlling symptoms**.




The paper, titled "ER-phagy and proteostasis defects prime pancreatic epithelial state changes in KRAS-mediated oncogenesis" was published on August 15 in Developmental Cell.

Notes 

*Pancreatic cancer statistics. Cancer Research UK. https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/pancreatic-cancer. Accessed July 2025.

**Research into pancreatic cancer. Cancer Research UK. https://www.cancerresearchuk.org/about-cancer/pancreatic-cancer/research-clinical-trials/pancreatic-cancer. Accessed July 2025.

***Pimentel et al. Autophagy and cancer therapy. Cancer Letter. 2024. doi: 10.1016/j.canlet.2024.217285.
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Hidden brain signal reveals Alzheimer's years before symptoms | ScienceDaily
TSPO, a key biomarker of brain inflammation, could help detect Alzheimer's disease years before memory loss and other symptoms set in - potentially leading to advances in how the disease is diagnosed and treated, according to a study published in Acta Neuropathologica.


						
"This is the first study to really examine how early this biomarker increases and where it begins rising in the brain," said Tomas R. Guilarte, lead researcher and dean of FIU's Robert Stempel College of Public Health & Social Work. "If we can use this information to help delay Alzheimer's progression by even five years, it can drastically improve patients' lives and reduce disease prevalence."

Guilarte, an internationally established expert on TSPO (or translocator protein 18 kDa) has studied the protein for more than three decades. His work helped establish it as a reliable imaging biomarker used in diagnosing neuroinflammation in various neurodegenerative, neurological and psychiatric disorders.

For this study, Guilarte and his team used advanced imaging software to track TSPO levels in genetically engineered mouse models of familial Alzheimer's and confirmed their findings using human brain tissue donated by members of the world's largest group of individuals with early-onset familial Alzheimer's, located in Antioquia, Colombia.

These families carry the "paisa" mutation, identified by the late Dr. Francisco Lopera, one of the authors of the study, who remained dedicated to finding ways to prevent Alzheimer's disease. For carriers of this mutation, symptoms typically begin in their 30s to 40s; they die in their 50s.

In the mouse model, researchers detected elevated TSPO levels in the subiculum - a critical part of the hippocampus - as early as six weeks of age, roughly equivalent to age 18-20 in humans. Microglia, the brain's main immune cells, specifically those clustered around amyloid plaques, had the highest levels of TSPO. Notably, female mice had higher TSPO levels, mirroring real-world statistics: two-thirds of Alzheimer's patients are women.

The brain tissue samples from the Colombian patients with the paisa mutation showed the same pattern. Even in late-stage Alzheimer's, TSPO remained high in microglia near plaques. These results raise new questions about TSPO's function - whether it contributes to damage or protects the brain - and whether blocking or enhancing it could halt disease progression.

The team is now working with a specially developed Alzheimer's mouse model lacking TSPO to explore these questions further. They're also expanding the study to include sporadic, late-onset Alzheimer's cases, the form that accounts for over 90% of all diagnoses.

"The more we understand these processes," said Daniel Martinez Perez, first author and Ph.D. candidate in Guilarte's lab, "the closer we get to tailoring treatments that can truly help - before it's too late."
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This surprising building material is strong, cheap, and sustainable | ScienceDaily
Engineers in Australia have developed a new building material with about one quarter of concrete's carbon footprint, while reducing waste going to landfill.


						
This innovative material, called cardboard-confined rammed earth, is composed entirely of cardboard, water and soil - making it reusable and recyclable.

In Australia alone, more than 2.2 million tons of cardboard and paper are sent to landfill each year. Meanwhile, cement and concrete production account for about 8% of annual global emissions.

Cardboard has previously been used in temporary structures and disaster shelters, such as Shigeru Ban's iconic Cardboard Cathedral in Christchurch, New Zealand.

Inspired by such designs, the RMIT University team has, for the first time, combined the durability of rammed earth with the versatility of cardboard.

Why it matters

Lead author Dr Jiaming Ma from RMIT said the development of cardboard-confined rammed earth marked a significant advancement toward a more sustainable construction industry.




"Modern rammed earth construction compacts soil with added cement for strength. Cement use is excessive given the natural thickness of rammed earth walls," he said.

But cardboard-confined rammed earth, developed at RMIT University, eliminates the need for cement and boasts one quarter of the carbon footprint at under one third of the cost, compared to concrete.

"By simply using cardboard, soil and water, we can make walls robust enough to support low-rise buildings," Ma said.

"This innovation could revolutionize building design and construction, using locally sourced materials that are easier to recycle.

"It also reflects the global revival of earth-based construction fueled by net zero goals and interest in local sustainable materials."

Practical benefits

The cardboard-confined rammed earth can be made on the construction site by compacting the soil and water mixture inside the cardboard formwork, either manually or with machines.




Study corresponding author and leading expert in the field of structural optimization, Emeritus Professor Yi Min 'Mike' Xie, said this advancement can spearhead a leaner, greener approach to construction.

"Instead of hauling in tonnes of bricks, steel and concrete, builders would only need to bring lightweight cardboard, as nearly all material can be obtained on site," Xie said.

"This would significantly cut transport costs, simplify logistics and reduce upfront material demands."

Ma said cardboard-confined rammed earth could be an effective solution for construction in remote areas, such as regional Australia, where red soils - ideal for rammed earth construction - are plentiful.

"Rammed earth buildings are ideal in hot climates because their high thermal mass naturally regulates indoor temperatures and humidity, reducing the need for mechanical cooling and cutting carbon emissions," he said.

The mechanical strength of the novel material varies based on the thickness of the cardboard tubes.

Ma said the team has developed the formula for this strength design.

"We've created a way to figure out how the thickness of the cardboard affects the strength of the rammed earth, allowing us to measure strength based on cardboard thickness," Ma said.

In a separate study lead by Ma, carbon fiber was combined with rammed earth, proving it had a comparable strength to high-performance concrete.

Ma and the team are ready to partner with various industries to further develop this new material so it can be used widely.
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Childhood plastic exposure could be fueling obesity, infertility, and asthma | ScienceDaily
Childhood exposure to chemicals used to make plastic household items presents growing health risks that can extend long into adulthood, experts from NYU Langone Health report.


						
This is the main conclusion after a review of hundreds of the latest studies on the topic, publishing online Sept. 21 in the journal The Lancet Child & Adolescent Health.

The article is being released to coincide with a gathering of experts the same week in New York City to discuss the global impact of plastics on human health.

In their report, the authors outline decades of evidence that substances often added to industrial and household goods may contribute to disease and disability, particularly when they are encountered early in life. The review focuses on three classes of chemical -- phthalates used to make plastic flexible, bisphenols, which provide rigidity, and perfluoroalkyl substances (PFAS), which help materials resist heat and repel water.

The results of the studies, which together assessed thousands of pregnant mothers, fetuses, and children, tied these toxins to a wide range of long-term health concerns, including heart disease, obesity, infertility, and asthma.

"Our findings point to plastic's role in the early origins of many chronic diseases that reverberate into adolescence and adulthood," said study lead author and pediatrician Leonardo Trasande, MD, MPP. "If we want kids to stay healthy and live longer, then we need to get serious about limiting the use of these materials," added Trasande, the Jim G. Hendrick, MD, Professor of Pediatrics at NYU Grossman School of Medicine.

The chemicals are found in a range of items, such as food packaging, cosmetics, and paper receipts, notes Trasande, who is also a professor in the Department of Population Health. Experts have found that as plastics are used, heated, or chemically treated, microplastic and nanoparticles are released and become ingested.




Chemicals used in plastic materials have been shown to prompt an overactive immune response (inflammation) throughout the body's tissues as well as disrupt the function of hormones that influence many bodily processes. The substances are also believed to affect brain development, with numerous studies linking early-life exposure to IQ loss and neurodevelopmental issues such as autism and attention deficit hyperactivity disorder.

The Lancet review also explored strategies to reduce the use of plastic and to help safeguard human health.

"There are safe, simple steps that parents can take to limit their children's plastic exposure without breaking the bank," said Trasande, who serves as director of NYU Grossman School of Medicine's Division of Environmental Pediatrics and NYU Langone Health's Center for the Investigation of Environmental Hazards.

Replacing plastic containers with glass or stainless steel, and avoiding microwaving and dishwashing plastic, have proved helpful, he says.

Trasande adds that by offering clear guidance, health care providers can empower parents to make informed decisions about the products they use and steer them toward safer options. He also suggests that clinicians partner with schools and community organizations to engage younger generations about the health risks of plastic exposure.

At the policy level, the researchers call for stricter regulatory measures to reduce the use of nonessential plastic items, particularly in low-income communities with profound heath disparities.




Their review comes on the heels of the most recent round of negations for the United Nations' Global Plastics Treaty, which took place in Geneva last month. The developing treaty represents an international effort to tackle plastic pollution, with more than 100 countries calling for legally binding caps on production.

According to Trasande, the findings in the article support the urgent need for a strong agreement to help protect not only the environment but human health as well.

He notes that while the economic value of the plastics industry is commonly raised as a barrier to enacting regulations, the resulting health care costs from exposure are enormous, with his research estimates reaching roughly $250 billion per year in the United States alone.

The Global Plastics Treaty will be part of the discussion during NYU Langone Health's 2025 Plastics, Human Health, and Solutions Symposium. At the event, experts will discuss the latest research on the health impact of microplastics, recent policy developments, and the critical role of regulations in addressing this public health crisis.

Despite its health risks, plastic can play an essential role in pediatric medicine, such as its use in ventilators and feeding tubes for premature infants, nebulizers for children with asthma, and masks that help prevent the spread of infection. The findings, the researchers say, do not challenge the need for the material in health care but instead highlight the dangers of its unnecessary use elsewhere.

The symposium will be held at NYU Langone Health on Sept. 22. The event will also be live streamed on YouTube for registered attendees.

Funding for the study was provided by National Institutes of Health grants R01ES022972, R01ES029779, R01ES032214, R01ES034793, and P2CES033423. Further funding was provided by several Argentinian foundations as well as the Science Fund of the Republic of Serbia.

Along with Trasande, Marina Olga Fernandez, PhD, at the National Council for Scientific and Technical Research in Buenos Aires, Argentina, serves as study senior author.

Another study co-investigator is Aleksandra Buha Dordevic, PhD, at the University of Belgrade in Serbia.
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Sneezing from cats or dust? Safe UV light may neutralize allergens in minutes | ScienceDaily
Cats. Dust mites. Mold. Trees.


						
For people with allergies, even a brief whiff of the airborne allergens these organisms produce can lead to swollen eyes, itchy skin and impaired breathing.

Such allergens can persist indoors for months after the original source is gone, and repeated exposure can exacerbate, and even lead to, asthma.

What if you could just flip a switch and disable them? You can, according to new University of Colorado Boulder research.

"We have found that we can use a passive, generally safe ultraviolet light treatment to quickly inactivate airborne allergens," said study author Tess Eidem, a senior research associate in the Department of Civil, Environmental and Architectural Engineering.

"We believe this could be another tool for helping people fight allergens in their home, schools or other places where allergens accumulate indoors."

The findings were published in August in the journal ACS ES&T Air.




Why you can't kill an allergen

Walk into a room with a cat and, if you sneeze, it's not actually the cat you are reacting to. It's likely airborne flecks of a protein called Fel d1 produced in their saliva. The protein spreads when they lick themselves and ends up in microscopic flakes of dead skin floating in the air, a.k.a. dander. When we inhale these particles, our immune system produces antibodies that bind to the protein's unique 3D structure, kicking off an allergic reaction.

Dogs, mice, dust mites, mold and plants all emit their own unique proteins, with their own unique structure. Unlike bacteria and viruses, these allergens can't be killed because they were never alive.

"After those dust mites are long gone, the allergen is still there," said Eidem. "That's why, if you shake out a rug, you can have a reaction years later."

Standard methods of reducing allergens -- like vacuuming, washing walls, using an air filter and regularly bathing pets -- can work OK but are hard to maintain long-term studies show.

Eidem and co-authors Mark Hernandez, a professor of Civil, Environmental and Architectural Engineering, and Kristin Rugh, a microbiologist in the lab, sought a simpler way.




Instead of eliminating the proteins that cause allergies, they sought to change their structure -- much like unfolding an origami animal -- so the immune system wouldn't recognize them.

"If your immune system is used to a swan and you unfold the protein so it no longer looks like a swan, you won't mount an allergic response," explained Eidem.

UV light, their study suggests, can do that.

Let there be light

Previous research has shown that UV light can kill airborne microorganisms, including the virus that causes COVID-19.

It's already used widely to disinfect equipment in hospitals, airports and elsewhere, but the bandwidth is typically so strong (a wavelength of 254 nanometers) that users must wear protective equipment to prevent damage to skin and eyes.

Eidem used 222-nanometer-wavelength lights, a less-intense alternative considered safe for occupied spaces because it doesn't penetrate deep into cells. (It does not come entirely without risks, including ozone production, she notes, so exposure should be limited.)

The team pumped microscopic aerosolized allergens from mites, pet dander, mold and pollen into an unoccupied and sealed 350-cubic-foot chamber. Then they switched on four lunchbox-sized UV222 lamps on the ceiling and floor.

When they sampled the air at 10-minute intervals and compared it to untreated, allergen-filled air via laboratory tests, they saw significant differences. In the treated samples, immunorecognition was reduced, meaning the antibodies no longer recognized many of the proteins and stuck to them.

After just 30 minutes, airborne allergen levels effectively decreased by about 20% to 25% on average, the study showed.

"Those are pretty rapid reductions when you compare them to months and months of cleaning, ripping up carpet, and bathing your cat," said Eidem.

A portable allergy buster?

UV222 lights are already commercially available, mostly for industrial antimicrobial uses.

But Eidem envisions a day when companies could engineer portable versions for people to switch on when they visit a friend with a pet or clean out a dusty basement.

UV222 systems could also potentially protect workers frequently exposed to allergens, such as those who work around live animals or in cannabis grow houses where, her own research shows, allergic reactions can be deadly.

One-in-three adults and children in the United States have allergies, according to the Centers for Disease Control. Eidem hopes her research, and more to come, can provide them with some relief -- or even save lives.

"Asthma attacks kill about 10 people every day in the United States, and they are often triggered by airborne allergies," she said. "Trying to develop new ways to prevent that exposure is really important."
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The shocking reason Arctic rivers are turning rusty orange | ScienceDaily
Ice can dissolve iron minerals more effectively than liquid water, according to a new study from Umea University. The discovery could help explain why many Arctic rivers are now turning rusty orange as permafrost thaws in a warming climate.


						
The study, recently published in the scientific journal PNAS, shows that ice at minus ten degrees Celsius releases more iron from common minerals than liquid water at four degrees Celsius. This challenges the long-held belief that frozen environments slow down chemical reactions.

"It may sound counterintuitive, but ice is not a passive frozen block," says Jean-Francois Boily, Professor at Umea University and co-author of the study. "Freezing creates microscopic pockets of liquid water between ice crystals. These act like chemical reactors, where compounds become concentrated and extremely acidic. This means they can react with iron minerals even at temperatures as low as minus 30 degrees Celsius."

To understand the process, the researchers studied goethite - a widespread iron oxide mineral - together with a naturally occurring organic acid, using advanced microscopy and experiments.

They discovered that repeated freeze-thaw cycles make iron dissolve more efficiently. As the ice freezes and thaws, organic compounds that were previously trapped in the ice are released, fuelling further chemical reactions. Salinity also plays a crucial role: fresh and brackish water increase dissolution, while seawater can suppress it.

The findings apply mainly to acidic environments, such as mine drainage sites, frozen dust in the atmosphere, acid sulfate soils along the Baltic Sea coast, or in any acidic frozen environment where iron minerals interact with organics. The next step is to find out if the same is true for all iron-bearing ice. This is what ongoing research in the Boily laboratory will soon reveal.

"As the climate warms, freeze-thaw cycles become more frequent," says Angelo Pio Sebaaly, doctoral student and first author of the study. "Each cycle releases iron from soils and permafrost into the water. This can affect water quality and aquatic ecosystems across vast areas."

The findings show that ice is not a passive storage medium, but an active player. As freezing and thawing increase in polar and mountain regions, for the impact on ecosystems. and the natural cycling of elements could be significant.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/09/250922074938.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists finally capture water's hidden state that's both solid and liquid | ScienceDaily
Despite being one of the most familiar substances on Earth, water holds many secrets that scientists are still working to understand. When confined to extremely small spaces -- such as within certain proteins, minerals, or artificial nanomaterials -- water behaves in ways that are drastically different from its bulk liquid form. These confinement effects are critical for many natural and technological processes, including regulating the flow of ions through cell membranes and the properties of nanofluidic systems.


						
One intriguing yet poorly understood state of confined water is called the 'premelting state.' In this unique phase, water behaves as if it were on the cusp of freezing and melting at the same time, thus defying simple liquid or solid classifications. However, it has proven difficult to study the premelting state and other confined water dynamics in detail. While techniques such as diffraction methods (example: X-ray analysis) are useful for pinpointing the positions of atoms other than hydrogen, they are not sensitive enough to capture the picosecond-scale rotational motion of hydrogen and the motion of individual water molecules.

In a recent study, a research team led by Professor Makoto Tadokoro alongside Lecturer Fumiya Kobayashi and first-year PhD student Mr. Tomoya Namiki, from the Department of Chemistry, Tokyo University of Science, Japan, shed new light on the mysteries of confined water. Their paper, published online in the Journal of the American Chemical Society on August 27, 2025, reports how they used static solid-state deuterium nuclear magnetic resonance (NMR) spectroscopy to observe the hierarchical dynamics of water confined within the hydrophilic nanopores of a molecular crystal and characterized the premelting state, which is a new phase observed in water.

To perform their experiments, the team produced hexagonal rod-like crystals, with quasi-one-dimensional channels containing a nanopore approximately 1.6 nm in diameter and filled them with heavy water (D2O). By measuring the NMR spectra of a single crystal of {[Co(D2bim)3](TMA).20D2O}n at room temperature, the researchers were able to confirm the existence of a hierarchical, three-layered structure in the contained water molecules. The unique peaks observed in the spectra corresponded to every layered structures with distinct movements and hydrogen-bonding interactions with one another of the confined water, providing clear evidence of multi-layered organization. Furthermore, water confined in the nanopores freezes in a different structure from bulk ice and first melts through a distorted hydrogen-bonded structure, leading to the formation of a premelting state.

To gain insights into the premelting state, the researchers heated the crystal gradually from low temperature to get the water from a frozen state to a liquid state. They observed distinct changes in the NMR spectra that confirmed a phase transition into the premelting state, and their measurements revealed the presence of two seemingly contradictory states. "The premelting state involves the melting of incompletely hydrogen-bonded H2O before the completely frozen ice structure starts melting during the heating process. It essentially constitutes a novel phase of water in which frozen H2O layers and slowly moving H2O coexist," explains Prof. Tadokoro.

The researchers measured the spin-lattice relaxation time to quantify the rotational mobility of the heavy water molecules in this new phase. While the activation energy for the premelting state was far from that of bulk ice, the correlation time was remarkably close to that of bulk liquid water. Simply put, this means that while the water molecules' positions were relatively fixed as one would expect of a solid, their rotational motions were extremely fast and liquid-like.

Taken together, these findings build toward a more comprehensive understanding of how water behaves in extreme confinement. They clarify crucial structural and dynamic aspects, which are important for understanding how water and ions permeate through biological proteins and membranes. Looking ahead, these insights could also lead to practical innovations. "By creating new ice network structures, it may be possible to store energetic gases such as hydrogen and methane and develop water-based materials such as artificial gas hydrates," says Prof. Tadokoro. Controlling the freezing properties of water based on the structure of ice could lead to the creation of new, inexpensive, and safe hydrosphere materials.

Overall, this study ultimately demonstrates that even a substance as common as water still holds fundamental secrets waiting to be unlocked.

This work was supported by JSPS KAKENHI Grant-in-Aid for Scientific Research (B) JP23K26672 and JSPS KAKENHI Grant-in-Aid for Early-Career Scientists JP23K13767 from the Ministry of Education, Culture, Sports, Science, and Technology, Japan.
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A hormone that silences the immune system may unlock new cancer treatments | ScienceDaily
Researchers at UT Southwestern Medical Center have discovered how a hormone interacts with a receptor on the surface of immune cells to shield cancer cells from the body's natural defenses. The findings, published in Nature Immunology, could lead to new immunotherapy approaches for treating cancer as well as potential treatments for inflammatory disorders and neurologic diseases.


						
"Myeloid cells are among the first group of immune cells recruited to tumors, but very quickly these tumor-fighting cells turn into tumor-supporting cells. Our study suggests that receptors on these myeloid cells get stimulated by this hormone and end up suppressing the immune system," said Cheng Cheng "Alec" Zhang, Ph.D., Professor of Physiology and a member of the Harold C. Simmons Comprehensive Cancer Center at UT Southwestern. Dr. Zhang co-led the study with first author Xing Yang, Ph.D., a postdoctoral researcher in the Zhang Lab.

Current immunotherapies, such as immune checkpoint inhibitors, are effective for only about 20%-30% of cancer patients, Dr. Zhang said, suggesting that there are multiple ways that cancers evade attack from the immune system.

Several years ago, researchers in the Zhang Lab studying cancer-fighting immune cells called myeloid cells identified an inhibitory receptor called LILRB4. Stimulating this receptor blocked the myeloid cells' ability to attack tumors.

Dr. Zhang, Dr. Yang, and their colleagues then did a genome-wide screen of all proteins that might interact with LILRB4. A promising hit was a hormone called SCG2. Although researchers have suggested that SCG2 plays a role in immune response, its function and receptor were unknown. Laboratory experiments confirmed that SCG2 binds to LILRB4, kicking off a signaling cascade that turned off the cancer-fighting abilities of myeloid cells and inhibited their ability to recruit cancer-fighting T cells to tumors.

In mice genetically altered to express the human form of LILRB4, injected cancer cells that produced SCG2 grew rapidly as tumors. Treating these mice with an antibody that blocks LILRB4 significantly slowed cancer growth, as did artificially ridding the animals' bodies of SCG2.

Together, these experiments suggest that interactions between LILRB4 and SCG2 allow cancer to grow unchecked by myeloid cells, T cells, and potentially other immune cell types. Dr. Zhang suggested that disrupting this interaction could someday offer a new immunotherapy option to treat cancer. Conversely, because this interaction neutralizes myeloid cells' immune activity, delivering extra SCG2 could be a promising treatment for autoimmune or inflammatory disorders spurred by myeloid cells. Dr. Zhang and his colleagues plan to investigate both ideas in future studies.




Other UTSW researchers who contributed to this study include Xuewu Zhang, Ph.D., Professor of Pharmacology and Biophysics; Cheryl Lewis, Ph.D., Associate Professor in the Simmons Cancer Center and of Pathology; Lin Xu, Ph.D., Assistant Professor in the Peter O'Donnell Jr. School of Public Health and of Pediatrics; Jingjing Xie, Ph.D., Instructor of Physiology; Qi Lou, Ph.D., Assistant Instructor of Physiology; Lei Guo, Ph.D., Computational Biologist; and Meng Fang, Ph.D., Chengcheng Zhang, Ph.D., Ankit Gupta, Ph.D., and Lianqi Chen, Ph.D., postdoctoral researchers.

Dr. Alec Zhang holds the Hortense L. and Morton H. Sanger Professorship in Oncology and is a Michael L. Rosenberg Scholar in Medical Research. Dr. Xuewu Zhang and Dr. Xu are members of the Simmons Cancer Center.

This study was funded by grants from the National Cancer Institute (NCI) (R01CA248736, R01CA263079, and Lung Cancer 779 SPORE Development Research Program), the Cancer Prevention and Research Institute of Texas (RP220032, RP15150551, RP190561), The Welch Foundation (AU-0042-20030616, I-1702), Immune-Onc Therapeutics Inc. (Sponsored Research Grant No. 111077), the National Institutes of Health (R35GM130289), and NCI Cancer Center Support Grant (P30CA142543).

The University of Texas has a financial interest in Immune-Onc in the form of equity and licensing. Dr. Alec Zhang holds equity in and had sponsored research agreements with Immune-Onc.
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When cancer cells feel squeezed, they become more dangerous | ScienceDaily
Cancer cells are notoriously flexible, taking on new features as they move around the body. Many of these changes are due to epigenetic modifications, which influence how DNA is packaged, and not due to mutations in the DNA itself. Such modifications are difficult to target for cancer therapy because they are reversible and can flip on and off.


						
Epigenetic changes have traditionally been thought to arise from internal cellular processes that result in the chemical tagging of DNA and its histone protein packaging -- such as histone methylation or DNA acetylation. But now a new study led by Ludwig Oxford's Richard White and Miranda Hunter of the Memorial Sloan Kettering Cancer Center and reported in the current issue of Nature shows that the physical environment in which these cells land is also a key instigator of epigenetic transformation.

Using a zebrafish model of melanoma, White, Hunter and their colleagues show that when tumor cells are tightly confined by surrounding tissues, they undergo structural and functional changes. Rather than continuing to divide rapidly, the cells activate a program of 'neuronal invasion', enabling them to migrate and spread into the surrounding tissue.

At the center of this transformation is HMGB2: a DNA-bending protein. The study demonstrates that HMGB2 responds to the mechanical stress of confinement by binding to chromatin, altering how genetic material is packaged. This exposes regions of the genome linked to invasiveness, making them newly available for gene expression. As a result, cells with high levels of HMGB2 become less proliferative but more invasive and resistant to treatment.

The team also found that melanoma cells adapt to this external pressure by remodeling their internal skeleton, forming a cage-like structure around the nucleus. This protective shield involves the LINC complex, a molecular bridge that connects the cell's skeleton to the nuclear envelope, helping to protect the nucleus from rupture and DNA damage caused by confinement-induced stress.

"Cancer cells can rapidly switch between different states, depending on cues within their environment," White explained. "Our study has shown that this switch can be triggered by mechanical forces within the tumor microenvironment. This flexibility poses a major challenge for treatment, as therapies targeting rapidly dividing cells may miss those that have transitioned to an invasive, drug-resistant phenotype. By identifying the factors that are involved in this switch, we hope to able to develop therapies that prevent or even reverse the invasive transformation."

The findings highlight the role of the tumor microenvironment in shaping cancer cell behavior, showing how physical cues can drive cells to reorganize their cytoskeleton, nucleus and the architecture of their genomic packaging to shift between states of growth and invasion.

Most notably, however, the study also demonstrates how physical stress can act as a potent -- and underappreciated -- driver of epigenetic change.

This study was supported by the Ludwig Institute for Cancer Research, National Cancer Institute, the Cancer Research Society, the Canadian Institutes of Health Research, the U.S. National Institutes of Health, the Melanoma Research Alliance, The Debra and Leon Black Family Foundation, the Pershing Square Sohn Foundation, The Mark Foundation, The Alan and Sandra Gerry Metastasis Research Initiative at MSKCC, The Harry J. Lloyd Foundation, Consano, the Starr Cancer Consortium and the American Cancer Society.

Richard White is a member of the Oxford Branch of the Ludwig Institute for Cancer Research and a professor of genetics at the University of Oxford, Nuffield Department of Medicine.
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Want a younger brain? Harvard researchers say eat like this | ScienceDaily
Following a green-Mediterranean diet -- which includes green tea and the aquatic plant Mankai -- is associated with slower brain aging, according to a study.


						
The study, published recently in the journal Clinical Nutrition, was co-authored by researchers at Ben-Gurion University, Harvard T.H. Chan School of Public Health, and the University of Leipzig.

Neurological conditions, including mild cognitive impairment and Alzheimer's disease, have been associated with a higher brain age gap -- a brain that's "older" than would be predicted given a person's chronological age. To evaluate the impact of diet on brain age, researchers analyzed data from around 300 participants in the DIRECT PLUS trial, one of the longest-running studies on the link between brain and diet. Over the course of 18 months, the participants consumed one of three diets: a standard healthy diet; a traditional calorie-restricted Mediterranean diet, which was low in simple carbohydrates, rich in vegetables, and replaced red meat with poultry and fish; and the green-Mediterranean diet, which additionally included green tea and Mankai.

When the researchers measured protein levels in the participants' blood, they found that higher levels of certain proteins were associated with accelerated brain aging. Further, they found that those protein levels decreased in participants who followed the green-Mediterranean diet. The researchers hypothesized that the protective effect of the diet could be a result of the anti-inflammatory molecules contained in green tea and Mankai.

"Studying the circulating proteins in blood allows us to observe, in a real-life setting, how the brain's aging processes are influenced by lifestyle and dietary changes," said Anat Meir, postdoctoral research fellow at Harvard Chan School, who co-led the study. "This approach gives us a dynamic window into brain health, helping to reveal biological changes long before symptoms may appear. By mapping these protein signatures, we gain powerful new insight into how interventions, such as diet, may help preserve cognitive function as we age."

Senior author of the study was Iris Shai, adjunct professor of nutrition at Harvard Chan School. Other Harvard Chan School co-authors included Dong Wang, Frank Hu, and Meir Stampfer.
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Why alcohol blocks the liver from healing, even after you quit | ScienceDaily
Excessive alcohol consumption can disrupt the liver's unique regenerative abilities by trapping cells in limbo between their functional and regenerative states, even after a patient stops drinking, researchers at University of Illinois Urbana-Champaign and collaborators at Duke University and the Chan Zuckerberg Biohub Chicago describe in a new study.


						
This in-between state is a result of inflammation disrupting how RNA is spliced during the protein-making process, the researchers found, providing scientists with new treatment pathways to explore for the deadly disease. The researchers published their findings in the journal Nature Communications.

The liver has a remarkable ability to regenerate itself after damage or partial removal. However, it loses that ability in patients with alcohol-associated liver disease -- the leading cause of liver-related mortality worldwide, resulting in roughly 3 million deaths annually.

"We knew that the liver stops functioning and stops regenerating in patients with alcohol-related hepatitis and cirrhosis, even when a patient has discontinued consuming alcohol, but we didn't know why," said U. of I. biochemistry professor Auinash Kalsotra, who co-led the study with Duke University School of Medicine professor Anna Mae Diehl. "The only real life-saving treatment option once a patient reaches the liver failure stage in those diseases is transplantation. But if we understood why these livers were failing, maybe we could intervene."

Both the Kalsotra and Diehl labs havestudied the molecular and cellular underpinnings of liver regeneration. Over the last five years, they found that in order to regenerate, liver cells reprogram their gene expression to revert to fetal-like progenitor cells, multiply and then reverse the process back to become mature functioning cells again. Armed with this knowledge, the group turned to the question of how those mechanisms were disrupted in alcohol-associated liver disease.

The researchers compared samples of healthy livers and samples of livers with alcohol-associated hepatitis or cirrhosis obtained from Johns Hopkins University Hospital through an initiative supported by the National Institute for Alcohol Abuse and Alcoholism, part of the National Institutes of Health.

The first thing the researchers noticed in diseased livers was that, although damaged cells had begun the process of reverting to the regenerative state, they did not complete the process and instead remained in transitional limbo.




"They are neither functional adult cells nor proliferative progenitor cells. Since they are not functioning, more pressure builds on the remaining cells. So they try to regenerate, and they're all ending up in this unproductive quasi-progenitor state, and that's what is causing liver failure," said U. of I. graduate students Ullas Chembazhi and Sushant Bangru, the co-first authors of the study.

To figure out why the cells were getting stuck in this state, the team investigated which proteins were being made by the liver cells and, in turn, the RNA molecules carrying the instructions for those proteins from the DNA to the cell's protein-building machinery.

While most studies focus only on the total amounts of RNA or protein in a cell, Kalsotra's team used deep RNA sequencing technology and computational analyses to zoom in on the splicing of RNA fragments, a key step in stitching together different parts of genetic instructions to make proteins.

"In comparing the samples, we saw RNA was getting misspliced broadly in alcohol-related liver disease, across thousands of genes, and it was affecting major functions of proteins," said Kalsotra, who also is affiliated with the Carl R. Woese Institute for Genomic Biology at Illinois.

The researchers found a possible driver of the RNA missplicing: Alcohol-damaged liver cells had a deficiency of the protein ESRP2, which binds to RNA to splice it properly.

"Proteins function at a very specific place in the cell, and that is directed by sequences within the protein that take the protein to that particular spot. We found that, in many cases, the sequence that dictates where the protein localizes within a cell was misspliced. That's why it was important that we did the multiple analyses we did," said Kalsotra, also a member of the Chan Zuckerberg Biohub Chicago. "There was the same amount of RNA and protein, but the protein was not at the right place to function. Due to missplicing, key proteins that are required for productive liver regeneration were getting stuck in the cytoplasm, when they needed to be in the nucleus."

To verify that ESRP2 deficiency was a likely culprit, the researchers studied mice without the gene that produces ESRP2. They displayed similar liver damage and regeneration failure to that seen in patients with advanced alcohol-related hepatitis.




But why was ESRP2 missing from liver cells from patients with alcohol-related hepatitis? Upon investigation, the researchers found that liver support cells and immune cells, drawn to the liver tissue damaged by alcohol processing, released high amounts of inflammatory and growth factors. Those factors suppress ESRP2 production and activity.

To verify this finding, the researchers treated liver cell cultures with a molecule that inhibits the receptor for one of the inflammation-promoting factors. ESRP2 levels recovered and splicing activity was corrected, pointing to the pathway as a possible treatment target.

"I'm hopeful these findings will become a launching pad for future clinical studies. We can use these misspliced RNAs as diagnostic markers or develop treatments that can curb the inflammation. And if we can correct the splicing defects, then maybe we can improve recovery and restore damaged livers," Kalsotra said.

The research team also included U. of I. biochemistry graduate students Diptatanu Das and Subhashis Natua; U. of I. undergraduate students Katelyn Toohill, Ishita Purwar, and Anuprova Bhowmik; Brandon Peiffer and Zhaoli Sun from Johns Hopkins University School of Medicine; Aurelia Leona and Yogesh Goyal from Northwestern University and Rajesh Dutta from Duke University School of Medicine.

The National Institutes of Health, the Chan-Zuckerberg Biohub Chicago, the Duke Endowment and the Muscular Dystrophy Association supported this work.

The National Institutes of Health supported this work through grants R01-AA010154, R01-HL126845, R21-HD104039, R01-AA010154, 5R01-DK077794, 1R56-DK1343340 and R24 AA025017.
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Hidden for 125 years, a Welsh fossil turns out to be a dinosaur | ScienceDaily
Paleontologists at the University of Bristol have officially identified a new species of dinosaur from Triassic fossil beds in South Wales, near Penarth - more than 125 years after the specimen was initially reported.


						
Using modern digital scanning techniques the researchers were able to shed new light on the fossil jawbone, which has been known since 1899 and been on display in the National Museum of Wales for many years, but was not correctly identified until now.

The fossil consists of natural molds of the jawbone in the rock and all the original bone has disappeared. So, using photo scanning, paleontology student Owain Evans was able to make a perfect 3D digital reconstruction to enable detailed study.

Owain Evans said: "This specimen has been referred to many times in scientific papers, but had yet to be successfully identified - we were not even sure whether it was dinosaur. It was named Zanclodon cambrensis by Edwin Tully Newton in 1899, but we knew the name Zanclodon had been abandoned as referring to a broad variety of early reptiles. Therefore, we name it after Newton, calling it Newtonsaurus. It is different from all other dinosaurs from around that time, and requires a distinctive name."

Professor Michael J Benton, who is the senior author on the paper, said: "The natural molds of the inner and outer faces of the jawbone show amazing detail - every groove, ridge, tooth, and even the serrations along the edges of the teeth. We decided to use digital photography to make a 3D model. We began by surface scanning the fossil using photogrammetry. Once we had our digital scan, we then inverted it - essentially giving us a digital negative of the mold. It was then a simple case of fusing the two sides together and analyzing the anatomy from there. The digital reconstruction we have extracted from the specimen gives a much better idea of what the original structure of the bone would have looked like."

Now that the fossil could be studied, the team was able to use its anatomy to piece together its position in the reptile family tree - and most crucially - whether it was a dinosaur or not.

Owain Evans said: "We can now confirm that this specimen very likely belonged to a large predatory theropod dinosaur, that roamed the shores of South Wales during the latest Triassic. It has some definite unique dinosaur features in the emplacement of the teeth, and it is a theropod -- a predatory, flesh-eating dinosaur. Otherwise, it sits near the origins of both major divisions of Theropoda, the Coelophysoidea and the Averostra.

"Most unexpected is the size of the animal. The preserved jawbone is 28 cm long, and that is just the front half, so originally the jawbone was 60 cm long, corresponding to a dinosaur with a body length of 5-7 meters. This is unusually large for a Triassic theropod, most of which were half the size or smaller."

Cindy Howells at the National Museum of Wales said: "These historical specimens are vitally important in paleontology and often yield new and exciting results - even if they have been sitting in collections for years. The Victorians were fascinated by the fossil record and prospected all across the UK for fossils. On top of this, the re-description of Newtonsaurus cambrensis once again highlights the significance of Wales in paleontological research. These Triassic beds are rare worldwide, and yet there are several across Wales. There might very well be another dinosaur waiting to be discovered."
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Tiny new lenses, smaller than a hair, could transform phone and drone cameras | ScienceDaily
A new approach to manufacturing multicolor lenses could inspire a new generation of tiny, cheap, and powerful optics for portable devices such as phones and drones.


						
The design uses layers of metamaterials to simultaneously focus a range of wavelengths from an unpolarized source and over a large diameter, overcoming a major limitation of metalenses, said the first author of the paper reporting the design, Mr Joshua Jordaan, from the Research School of Physics at the Australian National University and the ARC Centre of Excellence for Transformative Meta-Optical Systems (TMOS).

"Our design has a lot of nice features that make it applicable to practical devices."

"It's easy to manufacture because it has a low aspect ratio and each layer can be fabricated individually and then packaged together, it's also polarisation insensitive, and is potentially scalable through mature semiconductor nanofabrication platforms," Mr Jordaan said.

The project was led by researchers from the Friedrich Schiller University Jena in Germany as part of the International Research Training Group Meta-ACTIVE. The paper reporting their design is published in Optics Express.

Metalenses have thickness mere fractions of the width of a hair, which is orders of magnitude thinner than conventional lenses. They can be designed to have properties such as focal lengths that would be impossibly short for conventional optics.

Initially the team attempted to focus multiple wavelengths with a single layer, but they hit up against some fundamental constraints, Mr Jordaan said.




"It turns out the maximum group-delay attainable in a single-layer metasurface has physical limitations, and these in turn set upper bounds on the product of the numerical aperture, physical diameter and operating bandwidth."

"To work at the wavelength range we needed, a single layer would either have to have a very small diameter, which would defeat the purpose of the design, or basically have such a low numerical aperture that it's hardly focusing the light at all," he said.

"We realized we needed a more complex structure, which then led to a multi-layer approach."

With the design shifted to incorporating several metalens layers, the team approached the problem with an inverse design algorithm based on shape optimization, with parameterization that meant a lot of degrees of freedom.

They guided the software to search for metasurface shapes that, for a single wavelength, created simple resonances in both the electric and magnetic dipole, known as Huygens resonances. By employing resonances, the team were able to improve on previous designs by other groups, and develop metalens designs that were polarization independent, and had greater tolerances in manufacturing specifications - crucial in the quest to scale fabrication to industrial quantities.

The optimization routine came up with a library of metamaterial elements in a surprising range of shapes, such as rounded squares, four-leaf clovers and propellers.




These tiny shapes, around 300 nm tall and 1000 nm wide, spanned the full range of phase shifts, from zero to two pi, enabling the team to create a phase gradient map to achieve any arbitrary focusing pattern - although they were initially just aiming for a simple ring structure of a conventional lens.

"We could, for example, focus different wavelengths into different locations to create a colour router," Mr Jordaan said.

However, the multilayer approach is limited to a maximum of around five different wavelengths, Mr Jordaan said.

"The problem is you need structures large enough to be resonant at the longest wavelength, without getting diffraction from the shorter wavelengths," he said.

Within these constraints, Mr Jordaan said the ability to make metalenses to collect a lot of light will be a boon for future portable imaging systems.

"The metalenses we have designed would be ideal for drones or earth-observation satellites, as we've tried to make them as small and light as possible," he said.
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Ordinary ice found to have shocking electrical powers | ScienceDaily
A study co-led by ICN2 reveals that ice is a flexoelectric material, meaning it can produce electricity when unevenly deformed. Published in Nature Physics, this discovery could have major technological implications while also shedding light on natural phenomena such as lightning.


						
Frozen water is one of the most abundant substances on Earth. It is found in glaciers, on mountain peaks and in polar ice caps. Although it is a well-known material, studying its properties continues to yield fascinating results.

An international study involving ICN2, at the UAB campus, Xi'an Jiaotong University (Xi'an) and Stony Brook University (New York), has shown for the first time that ordinary ice is a flexoelectric material. In other words, it can generate electricity when subjected to mechanical deformation. This discovery could have significant implications for the development of future technological devices and help to explain natural phenomena such as the formation of lightning in thunderstorms.

The study, published in the journal Nature Physics, represents a significant step forward in our understanding of the electromechanical properties of ice. "We discovered that ice generates electric charge in response to mechanical stress at all temperatures. In addition, we identified a thin 'ferroelectric' layer at the surface at temperatures below -113oC (160K). This means that the ice surface can develop a natural electric polarization, which can be reversed when an external electric field is applied -- similar to how the poles of a magnet can be flipped. The surface ferroelectricity is a cool discovery in its own right, as it means that ice may have not just one way to generate electricity but two: ferroelectricity at very low temperatures, and flexoelectricity at higher temperatures all the way to 0 degC " explains Dr Xin Wen, a member of the ICN2 Oxide Nanophysics Group and one of the study's lead researchers. This property places ice on a par with electroceramic materials such as titanium dioxide, which are currently used in advanced technologies like sensors and capacitors.

Ice, flexoelectricity and thunderstorms

One of the most surprising aspects of this discovery is its connection to nature. The results of the study suggest that the flexoelectricity of ice could play a role in the electrification of clouds during thunderstorms, and therefore in the origin of lightning.

It is known that lightning forms when an electric potential builds up in clouds due to collisions between ice particles, which become electrically charged. This potential is then released as a lightning strike. However, the mechanism by which ice particles become electrically charged has remained unclear, since ice is not piezoelectric -- it cannot generate charge simply by being compressed during a collision.

However, the study shows that ice can become electrically charged when it is subjected to inhomogeneous deformations, i.e. when it bends or deforms irregularly. "During our research, the electric potential generated by bending a slab of ice was measured. Specifically, the block was placed between two metal plates and connected to a measuring device. The results match those previously observed in ice-particle collisions in thunderstorms," explains ICREA Prof. Gustau Catalan, leader of the Oxide Nanophysics Group at ICN2.

Thus, the results suggest that flexoelectricity could be one possible explanation for the generation of the electric potential that leads to lightning during storms. Future perspectives

The researchers in the group are already exploring new lines of investigation aimed at exploiting these properties of ice for real-world applications. Although it is still a bit early to discuss potential solutions, this discovery could pave the way for the development of new electronic devices that use ice as an active material, which could be fabricated directly in cold environments.
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Could these strange rocks be the first true evidence of life on Mars? | ScienceDaily
A new study co-authored by Texas A&M University geologist Dr. Michael Tice has revealed potential chemical signatures of ancient Martian microbial life in rocks examined by NASA's Perseverance rover.


						
The findings, published by a large international team of scientists, focus on a region of Jezero Crater known as the Bright Angel formation -- a name chosen from locations in Grand Canyon National Park because of the light-colored Martian rocks. This area in Mars' Neretva Vallis channel contains fine-grained mudstones rich in oxidized iron (rust), phosphorus, sulfur and -- most notably -- organic carbon. Although organic carbon, potentially from non-living sources like meteorites, has been found on Mars before, this combination of materials could have been a rich source of energy for early microorganisms.

"When the rover entered Bright Angel and started measuring the compositions of the local rocks, the team was immediately struck by how different they were from what we had seen before," said Tice, a geobiologist and astrobiologist in the Department of Geology and Geophysics. "They showed evidence of chemical cycling that organisms on Earth can take advantage of to produce energy. And when we looked even closer, we saw things that are easy to explain with early Martian life but very difficult to explain with only geological processes."

Tice went on to explain that "living things do chemistry that generally occurs in nature anyway given enough time and the right circumstances. To the best of our current knowledge, some of the chemistry that shaped these rocks required either high temperatures or life, and we do not see evidence of high temperatures here. However, these findings require experiments and ultimately laboratory study of the sample here on Earth in order to completely rule out explanations without life."

The team published its findings in Nature. 

A window into Mars' watery past

The Bright Angel formation is composed of sedimentary rocks deposited by water, including mudstones (fine-grained sedimentary rocks made of silt and clay)and layered beds that suggest a dynamic environment of flowing rivers and standing water. Using Perseverance's suite of instruments, including the SHERLOC and PIXL spectrometers, scientists detected organic molecules and small arrangements of minerals that appear to have formed through "redox reactions," chemical processes involving the transfer of electrons. On Earth, those processes are often driven by biological activity.




Among the most striking features are tiny nodules and "reaction fronts" -- nicknamed "poppy seeds" and "leopard spots" by the rover team -- enriched in ferrous iron phosphate (likely vivianite) and iron sulfide (likely greigite). These minerals commonly form in low-temperature, water-rich environments and are often associated with microbial metabolisms.

"It's not just the minerals, it's how they are arranged in these structures that suggests that they formed through the redox cycling of iron and sulfur," Tice said. "On Earth, things like these sometimes form in sediments where microbes are eating organic matter and 'breathing' rust and sulfate. Their presence on Mars raises the question: could similar processes have occurred there?"

Organic matter and redox chemistry

The SHERLOC instrument detected a Raman spectral feature known as the G-band, a signature of organic carbon, in several Bright Angel rocks. The strongest signals came from a site called "Apollo Temple," where both vivianite and greigite were most abundant.

"This co-location of organic matter and redox-sensitive minerals is very compelling," said Tice. "It suggests that organic molecules may have played a role in driving the chemical reactions that formed these minerals."

Tice notes it's important to understand that "organic" does not necessarily mean formed by living things.




"It just means having a lot of carbon-carbon bonds," he explained. "There are other processes that can make those besides life. The kind of organic matter detected here could have been produced by abiotic processes or it could have been produced by living things. If produced by living things, it would have to have been degraded by chemical reactions, radiation or heat to produce the G-band that we observe now."

The study outlines two possible scenarios: one in which these reactions occurred abiotically (driven by geochemical processes) and another in which microbial life may have affected the reactions, as it does on Earth. Strikingly, although some features of the nodules and reaction fronts could be produced by abiotic reactions between organic matter and iron, the known geochemical processes that could have produced the features associated with sulfur usually only work at relatively high temperatures.

"All the ways we have of examining these rocks on the rover suggest that they were never heated in a way that could produce the leopard spots and poppy seeds," said Tice. "If that's the case, we have to seriously consider the possibility that they were made by creatures like bacteria living in the mud in a Martian lake more than three billion years ago."

While the team emphasizes that the evidence is not definitive proof of past life, the findings meet NASA's criteria for "potential biosignatures" -- features that warrant further investigation to determine whether they are biological or abiotic in origin.

A sample worth returning

Perseverance collected a core sample from the Bright Angel formation, named "Sapphire Canyon," which is now stored in a sealed tube carried by the rover. This sample is among those prioritized for return to Earth in a potential future mission.

"Bringing this sample back to Earth would allow us to analyze it with instruments far more sensitive than anything we can send to Mars," said Tice. "We'll be able to look at the isotopic composition of the organic matter, the fine-scale mineralogy, and even search for microfossils if they exist. We'd also be able to perform more tests to determine the highest temperatures experienced by these rocks, and whether high temperature geochemical processes might still be the best way to explain the potential biosignatures."

Tice, who has long studied ancient microbial ecosystems on Earth, said the parallels between Martian and terrestrial processes are striking -- with one important difference.

"What's fascinating is how life may have been making use of some of the same processes on Earth and Mars at around the same time," he said. "We see evidence of microorganisms reacting iron and sulfur with organic matter in the same way in rocks of the same age on Earth, but we'd never be able to see exactly the same features that we see on Mars in the old rocks here. Processing by plate tectonics has heated all our rocks too much to preserve them this way. It's a special and spectacular thing to be able to see them like this on another planet."
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Breakthrough method could dramatically cut prescription drug prices | ScienceDaily
One of the main factors driving prices in pharmaceuticals, such as cholesterol-lowering drugs and antibiotics, is the cost of production and materials. Researchers at the University of Maine Forest Bioproducts Research Institute (FBRI) have discovered a sustainable method to produce the key ingredient in a broad range of pharmaceuticals, which could help address high prescription drug costs in the U.S.


						
Among some of the most expensive medications are those that require a chiral center -- a property in which a molecule cannot be superimposed with its mirror image, like right and left hands. Chirality can direct a drug's biological effects including efficacy, side effects and metabolization. The price of chiral drugs is greatly contributed to the building blocks used during synthesis, which are costly to produce due to complex reaction and purification pathways.

In a new study recently published in Chem, FBRI researchers explore a new, cost-reducing pathway to produce one of these crucial building blocks, (S)-3-hydroxy-g-butyrolactone (HBL), from glucose at high concentrations and yields.

According to researchers, HBL is a chiral species used for the synthesis of an array of crucial drugs such as statins, antibiotics and HIV inhibitors. Because glucose can be derived from any lignocellulosic feedstock -- such as wood chips, sawdust, tree branches or other woody biomass -- this process opens a new door for the sustainable production of HBL. This approach could also potentially be used to produce other types of important consumer products.

"If we use other kinds of wood sugars, like xylose that is an unneeded byproduct from making pulp and paper, we expect that we could produce new chemicals and building blocks, like green cleaning products or new renewable, recyclable plastics," said Thomas Schwartz, associate director of FBRI and associate professor in the Maine College of Engineering and Computing who was a lead author for the paper.

In addition to its use as a chiral species, HBL has been identified as a highly valuable precursor to a variety of chemicals and plastics by the U.S. Department of Energy. Previous attempts to produce HBL sustainably achieved only limited success due to safety issues, ineffectiveness or a lack of cost-efficiency.

"The competing processes either lead to low yields, use hazardous starting materials or are just generally costly because of the chosen production scheme and low output," said Schwartz. "The commercial process is expensive because you have to add the chiral center to the molecule, which doesn't occur naturally with most petrochemicals."

Not only does this new approach result in significantly reduced greenhouse gas emissions, but the production costs are also reduced by more than 60% compared to current methods that use petroleum-derived feedstocks. The process can also yield other commercially important chemicals, such as glycolic acid (GA), which presents additional economic opportunities.

The research included work from students in the UMaine Catalysis Group led by Schwartz and was conducted in collaboration with the U.S. Department of Agriculture (USDA) Forest Products Laboratory and the University of Wisconsin-Madison. Funding for the project was provided by the USDA, U.S. Forest Service and the National Science Foundation.
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Hubble reveals baby stars in a galaxy torn by gravity | ScienceDaily
This new Hubble Space Telescope Picture of the Week features a galaxy whose asymmetric appearance may be the result of a galactic tug of war. Located 35 million light-years away in the constellation Leo, the spiral galaxy Messier 96 is the brightest of the galaxies in its group. The gravitational pull of its galactic neighbors may be responsible for Messier 96's uneven distribution of gas and dust, asymmetric spiral arms, and off-centre galactic core.


						
This asymmetric appearance is on full display in a new Hubble image, which incorporates observations made in ultraviolet and optical light. Hubble images of Messier 96 have been released previously in 2015 and 2018. Each successive image has added new data, building up a beautiful and scientifically valuable view of the galaxy.

This third version gives an entirely new perspective on Messier 96's star formation. The bubbles of pink gas in this image surround hot, young, massive stars, illuminating a ring of star formation in the outskirts of the galaxy. These young stars are still embedded within the clouds of gas from which they were born. The new data included for the first time in this image will be used to study how stars are born within giant dusty gas clouds, how dust filters starlight, and how stars affect their environments.
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Scientists reveal the everyday habits that may shield you from dementia | ScienceDaily
An estimated 7.2 million Americans over age 65 currently live with Alzheimer's disease (AD). That number is expected to nearly double to 13.8 million by 2060. These increases reflect more than demographic shifts; they point to a growing public health crisis that requires a new, proactive approach. While chronological age is the strongest known risk factor for cognitive decline, losing cognitive function is not an inevitable part of aging.


						
As AD and other forms of cognitive decline continue to rise at an alarming rate, researchers from Florida Atlantic University's Charles E. Schmidt College of Medicine, highlight a powerful and untapped path to prevention.

In a commentary published in The American Journal of Medicine, the researchers urge clinicians, public health professionals and policymakers to implement coordinated efforts to support lifestyle-based interventions that can help reduce the growing burden of cognitive decline in the United States and worldwide.

"While deaths from cardiovascular disease have declined since 2000, deaths from Alzheimer's disease have surged by more than 140%," said Charles H. Hennekens, M.D., FACPM, FACC, co-author, the First Sir Richard Doll Professor of Medicine and Preventive Medicine, and senior academic advisor, Schmidt College of Medicine. "At the same time, it is estimated that up to 45% of dementia risk could be attributed to modifiable lifestyle and environmental factors."

Lifestyle risk factors like physical inactivity, poor diet, obesity, alcohol use, and conditions such as hypertension, diabetes, depression, and social or intellectual isolation are believed to contribute to cognitive decline. The authors point out that the same therapeutic lifestyle changes proven effective for reducing risks of cardiovascular and other major diseases may also help reduce cognitive decline - potentially with additive effects when multiple risk factors are present.

The commentary highlights the recently published results from POINTER, the first large-scale U.S-based randomized trial to test whether intensive lifestyle changes can improve cognitive outcomes in older adults at high risk of decline. In this trial, participants who were assigned at random to a structured, team-based lifestyle intervention showed statistically significant and clinically meaningful improvements in global cognition over two years. These gains were especially notable in executive functions such as memory, attention, planning and decision-making. The intervention emphasized regular physical activity, a combination of Mediterranean and DASH-style diets, cognitive stimulation and social engagement - reinforced through ongoing professional guidance and group support.

These findings are similar to an earlier Finnish trial, the FINGER trial, in which participants with elevated cardiovascular risk scores assigned at random to a multidomain lifestyle approach experienced cognitive benefits.




"The data from both these landmark, large scale randomized trials demonstrate that lifestyle changes - previously shown to reduce heart disease and cancer - also hold transformative potential for brain health," Hennekens said.

The researchers also speculated about biological mechanisms that may underlie these benefits. Physical activity, for example, increases brain-derived neurotrophic factor, which supports hippocampal growth, while also improving blood flow and reducing inflammation. Healthy dietary patterns like the Mediterranean and DASH diets can lower oxidative stress and improve insulin sensitivity as well as risks of cardiovascular disease. Quitting smoking may help preserve brain structure and white matter integrity, and regular social and cognitive engagement promotes neuroplasticity and mental resilience.

"The implications for clinical practice, public health and government policy are potentially enormous," said Parvathi Perumareddi, D.O., co-author and an associate professor of family medicine in the Schmidt College of Medicine. "Clinicians now have powerful, evidence-based tools to help their patients prevent or slow cognitive decline - tools that go beyond medications, are generally low-risk, and are cost-effective. Public health agencies could adopt the framework of trials like POINTER and FINGER to develop brain health programs."

On the policy front, the researchers note that potential cost savings are large, particularly when considering the high price and limited effectiveness of many new pharmacologic agents, which may cause common and less serious side effects like nausea, headache and fatigue, as well as more rare but more serious risks like confusion or gastrointestinal bleeding. Modeling studies suggest that reducing key risk factors by even 10% to 20% each decade could lower the burden of cognitive decline by up to 15%.

Beyond the health care system, the societal costs of dementia are staggering. In 2024, nearly 12 million family members and unpaid caregivers provided an estimated 19.2 billion hours of care to individuals living with dementia - amounting to a societal cost of more than $413 billion. Caregiving also takes an emotional toll, often resulting in mental health challenges and caregiver burnout. The researchers emphasize that these realities underscore the need for practical, community-based solutions that support both patients and caregivers and reduce the long-term burden on families and the economy.

"While more research is needed, the current totality of evidence supports a clear path forward: invest in lifestyle-based strategies to protect brain health," said Hennekens. "Doing so will not only benefit individuals at risk but also serve as a powerful tool for reducing national and global health care burdens related to cognitive decline."

The first and corresponding author is John Dunn, a medical student at the Schmidt College of Medicine.
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The surprising way metabolism controls embryo growth | ScienceDaily
Pregnant women rely on a balanced diet and supplements to deliver proper nutrients to their babies, to ensure they grow healthfully. Such nutrients contribute to fueling development and providing cellular building blocks that lead to healthy brains, bones, organs, and immune systems.


						
While this kind of nutritional preparation helps during pregnancy, EMBL scientists found that metabolism - the way cells break down food into energy - during embryonic development does more than just provide energy and cellular building blocks for proper embryonic development. Metabolism has a surprising signalling element. And by modulating metabolism in a tailored fashion, they could identify a signalling metabolite controlling the tempo of development.

"What we noticed was that as metabolism got faster, a particular developmental clock slowed down," said Hidenobu Miyazawa, one of the new study's first authors and a research staff scientist in the Aulehla Group at EMBL. "The observation hinted that the role of metabolism is not just providing energy and biomass to fuel the biological processes."

Miyazawa, along with two other first authors and Aulehla group members at the time, Nicole Prior and Jona Rada, plus other EMBL researchers discovered that metabolism also has a signalling component. The scientists studied mouse embryos while they formed repeating body segments that ultimately develop into spines. The signalling role of metabolism became clear when they discovered that even tiny amounts of certain metabolites - not enough to actually fuel cells - could still keep the embryo's 'biological clock' for segment formation ticking. This clock is referred to as the segmentation clock.

The scientists found an inverse relationship between metabolic activity and the tempo of the segmentation clock. This means the higher the metabolic activity in the cells, the slower the segmentation clock. Surprisingly, they could reverse this 'slow clock' phenotype by restoring cellular signalling, without modulating metabolism per se. This led them to conclude that metabolic activity impacted cell signaling.

To identify which key metabolites control the clock rhythm, the scientists turned to an experimental approach based on synchronisation theory. As your internal body rhythm follows external day-night cycles, the embryo's segmentation clock can also adapt to an external signalling cue when provided periodically. "In this project, we asked whether a metabolite can serve as a signalling cue to control the segmentation clock," Miyazawa explained.

Using this unique approach, the scientists found that a specific sugar molecule, FBP, was the key metabolite regulating the segmentation clock. FBP affects the rhythm of the segmentation clock through an important signaling pathway called Wnt signalling.

Additionally, Miyazawa explained that as the research team tracked the changes, the molecular oscillations associated with the segmentation clock could change the spatial patterns of the embryo's body segments.

While this scientific finding is an important one in fundamental research, it may have bearing on what scientists can understand and control in the future. This signalling role of metabolism might reflect how organisms respond to their environment, e.g. by adjusting development based on available food.

"The results actually raise an important question: could metabolism itself act as a pacemaker that connects internal biological clocks with external rhythms in the environment?" said Alexander Aulehla, senior author on the paper and EMBL's Developmental Biology Unit director. "Since metabolism is naturally linked to external cues and cycles, such as the circadian clock, our work showing that metabolism can 'set' the segmentation clock supports this idea that we will test in future studies."
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Neutrinos may be the hidden force behind gold and platinum | ScienceDaily
The collision and merger of two neutron stars -- the incredibly dense remnants of collapsed stars -- are some of the most energetic events in the universe, producing a variety of signals that can be observed on Earth. New simulations of neutron star mergers by a team from Penn State and the University of Tennessee Knoxville reveal that the mixing and changing of tiny particles called neutrinos that can travel astronomical distances undisturbed impacts how the merger unfolds, as well as the resulting emissions. The findings have implications for longstanding questions about the origins of metals and rare earth elements as well as understanding physics in extreme environments, the researchers said.


						
The paper, published in the journal Physical Review Letters, is the first to simulate the transformation of neutrino "flavors" in neutron star mergers. Neutrinos are fundamental particles that interact weakly with other matter, and come in three flavors, named for the other particles they associate with: electron, muon and tau. Under specific conditions, including the inside of a neutron star, neutrinos can theoretically change flavors, which can change the types of particles with which they interact.

"Previous simulations of binary neutron star mergers have not included the transformation of neutrino flavor," said Yi Qiu, graduate student in physics in the Penn State Eberly College of Science and first author of the paper. "This is partly because this process happens on a nanosecond timescale and is very difficult to capture and partly because, until recently, we didn't know enough about the theoretical physics underlying these transformations, which falls outside of the standard model of physics. In our new simulations, we found that the extent and location of neutrinos mixing and transforming impacts the matter that is ejected from the merger, the structure and composition of what remains after the merger -- the remnant -- as well as the material around it."

The researchers built a computer simulation of a neutron star merger from the ground up, incorporating a variety of physical processes, including gravity, general relativity, hydrodynamics and the neutrino mixing. They also accounted for the transformation of electron flavor neutrinos to muon flavor, which the researchers said is the most relevant neutrino transformation in this environment. They modeled several scenarios, varying the timing and location of the mixing as well as the density of the surrounding material.

The researchers found that all of these factors influenced the composition and structure of the merger remnant, including the type and quantities of elements created during the merger. During a collision, the neutrons in a neutron star can be launched at other atoms in the debris, which can capture the neutrons and ultimately decay into heavier elements, such as heavy metals like gold and platinum as well as rare earth elements that are used on Earth in smart phones, electric vehicle batteries and other devices.

"A neutrino's flavor changes how it interacts with other matter," said David Radice, Knerr Early Career Professor of Physics and associate professor astronomy and astrophysics in the Penn State Eberly College of Science and an author of the paper. "Electron type neutrinos can take a neutron, one of the three basic parts of an atom, and transform it into the other two, a proton and electron. But muon type neutrinos cannot do this. So, the conversion of neutrino flavors can alter how many neutrons are available in the system, which directly impacts the creation of heavy metals and rare earth elements. There are still many lingering questions about the cosmic origin of these important elements, and we found that accounting for neutrino mixing could increase element production by as much as a factor of 10."

Neutrino mixing during the merger also influenced the amount and composition of matter ejected from the merger, which the researchers said could alter the emissions detectable from Earth. These emissions typically include gravitational waves -- ripples in space time -- as well as electromagnetic radiation like X-rays or gamma rays.




"In our simulations, neutrino mixing impacted the electromagnetic emissions from neutron star mergers and possibly the gravitational waves as well," Radice said. "With cutting-edge detectors like LIGO, Virgo and KAGRA and their next generation counterparts, such as the proposed Cosmic Explorer observatory that could start operations in the 2030s, astronomers are poised to detect gravitational waves more often than we have before. Better understanding how these emissions are created from neutron star mergers will help us interpret future observations."

The researchers said modeling the mixing processes was similar to a pendulum being turned upside down. Initially, many changes occurred on an incredibly rapid timescale, but eventually the pendulum settles to a stable equilibrium. But much of this, they said, is an assumption.

"There's still a lot we don't know about the theoretical physics of these neutrino transformations," Qiu said. "As theoretical particle physics continues to advance, we can greatly improve our simulations. What remains uncertain is where and how these transformations occur in neutron star mergers. Our current understanding suggests they are very likely, and our simulations show that, if they take place, they can have major effects, making it important to include them in future models and analyses."

Now that the infrastructure for these complex simulations has been created, the researchers said they expect other groups will use the technology to continue to explore the impacts of neutrino mixing.

"Neutron star mergers function like cosmic laboratories, providing important insights into extreme physics that we can't replicate safely on Earth," Radice said.

In addition to Qiu and Radice, the research team includes Maitraya Bhattacharyya, postdoctoral scholar in the Penn State Institute for Gravitation and the Cosmos, and Sherwood Richers at the University of Tennessee, Knoxville. Funding from the U.S. Department of Energy, the Sloan Foundation and the U.S. National Science Foundation supported this work.
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NASA just confirmed its 6,000th alien world. Some are truly bizarre | ScienceDaily
The official number of exoplanets -- planets outside our solar system -- tracked by NASA has reached 6,000. Confirmed planets are added to the count on a rolling basis by scientists from around the world, so no single planet is considered the 6,000th entry. The number is monitored by NASA's Exoplanet Science Institute (NExScI), based at Caltech's IPAC in Pasadena, California. There are more than 8,000 additional candidate planets awaiting confirmation, with NASA leading the world in searching for life in the universe.


						
"This milestone represents decades of cosmic exploration driven by NASA space telescopes -- exploration that has completely changed the way humanity views the night sky," said Shawn Domagal-Goldman, acting director, Astrophysics Division, NASA Headquarters in Washington. "Step by step, from discovery to characterization, NASA missions have built the foundation to answering a fundamental question: Are we alone? Now, with our upcoming Nancy Grace Roman Space Telescope and Habitable Worlds Observatory, America will lead the next giant leap -- studying worlds like our own around stars like our Sun. This is American ingenuity, and a promise of discovery that unites us all."

The milestone comes 30 years after the first exoplanet was discovered around a star similar to our Sun, in 1995. (Prior to that, a few planets had been identified around stars that had burned all their fuel and collapsed.) Although researchers think there are billions of planets in the Milky Way galaxy, finding them remains a challenge. In addition to discovering many individual planets with fascinating characteristics as the total number of known exoplanets climbs, scientists are able to see how the general planet population compares to the planets of our own solar system.

For example, while our solar system hosts an equal number of rocky and giant planets, rocky planets appear to be more common in the universe. Researchers have also found a range of planets entirely different from those in our solar system. There are Jupiter-size planets that orbit closer to their parent star than Mercury orbits the Sun; planets that orbit two stars, no stars, and dead stars; planets covered in lava; some with the density of Styrofoam; and others with clouds made of gemstones.

"Each of the different types of planets we discover gives us information about the conditions under which planets can form and, ultimately, how common planets like Earth might be, and where we should be looking for them," said Dawn Gelino, head of NASA's Exoplanet Exploration Program (ExEP), located at the agency's Jet Propulsion Laboratory in Southern California. "If we want to find out if we're alone in the universe, all of this knowledge is essential."

Searching for other worlds

Fewer than 100 exoplanets have been directly imaged, because most planets are so faint they get lost in the light from their parent star. The other four methods of planet detection are indirect. With the transit method, for instance, astronomers look for a star to dim for a short period as an orbiting planet passes in front of it.




To account for the possibility that something other than an exoplanet is responsible for a particular signal, most exoplanet candidates must be confirmed by follow-up observations, often using an additional telescope, and that takes time. That's why there is a long list of candidates in the NASA Exoplanet Archive (hosted by NExScI) waiting to be confirmed.

"We really need the whole community working together if we want to maximize our investments in these missions that are churning out exoplanets candidates," said Aurora Kesseli, the deputy science lead for the NASA Exoplanet Archive at IPAC. "A big part of what we do at NExScI is build tools that help the community go out and turn candidate planets into confirmed planets."

The rate of exoplanet discoveries has accelerated in recent years (the database reached 5,000 confirmed exoplanets just three years ago), and this trend seems likely to continue. Kesseli and her colleagues anticipate receiving thousands of additional exoplanet candidates from the ESA (European Space Agency) Gaia mission, which finds planets through a technique called astrometry, and NASA's upcoming Nancy Grace Roman Space Telescope, which will discover thousands of new exoplanets primarily through a technique called gravitational microlensing.

Future exoplanets

At NASA, the future of exoplanet science will emphasize finding rocky planets similar to Earth and studying their atmospheres for biosignatures -- any characteristic, element, molecule, substance, or feature that can be used as evidence of past or present life. NASA's James Webb Space Telescope has already analyzed the chemistry of over 100 exoplanet atmospheres.

But studying the atmospheres of planets the size and temperature of Earth will require new technology. Specifically, scientists need better tools to block the glare of the star a planet orbits. And in the case of an Earth-like planet, the glare would be significant: The Sun is about 10 billion times brighter than Earth -- which would be more than enough to drown out our home planet's light if viewed by a distant observer.




NASA has two main initiatives to try overcoming this hurdle. The Roman telescope will carry a technology demonstration instrument called the Roman Coronagraph that will test new technologies for blocking starlight and making faint planets visible. At its peak performance, the coronagraph should be able to directly image a planet the size and temperature of Jupiter orbiting a star like our Sun, and at a similar distance from that star. With its microlensing survey and coronagraphic observations, Roman will reveal new details about the diversity of planetary systems, showing how common solar systems like our own may be across the galaxy.

Additional advances in coronagraph technology will be needed to build a coronagraph that can detect a planet like Earth. NASA is working on a concept for such a mission, currently named the Habitable Worlds Observatory.

More about ExEP, NExScI

NASA's Exoplanet Exploration Program is responsible for implementing the agency's plans for the discovery and understanding of planetary systems around nearby stars. It acts as a focal point for exoplanet science and technology and integrates cohesive strategies for future discoveries. The science operations and analysis center for ExEP is NExScI, based at IPAC, a science and data center for astrophysics and planetary science at Caltech. JPL is managed by Caltech for NASA.
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Strange new hybrid bird spotted in Texas backyard | ScienceDaily
Biologists at The University of Texas at Austin, who have reported discovering a bird that's the natural result of a green jay and a blue jay's mating, say it may be among the first examples of a hybrid animal that exists because of recent changing patterns in the climate. The two different parent species are separated by 7 million years of evolution, and their ranges didn't overlap as recently as a few decades ago.


						
"We think it's the first observed vertebrate that's hybridized as a result of two species both expanding their ranges due, at least in part, to climate change," said Brian Stokes, a graduate student in ecology, evolution and behavior at UT and first author of the study.

Stokes noted that past vertebrate hybrids have resulted from human activity, like the introduction of invasive species, or the recent expansion of one species' range into another's - think polar bears and grizzlies - but this case appears to have occurred when shifts in weather patterns spurred the expansion of both parent species.

In the 1950s, the ranges of green jays, a tropical bird found across Central America, extended just barely up from Mexico into south Texas and the range of blue jays, a temperate bird living all across the Eastern U.S., only extended about as far west as Houston. They almost never came into contact with each other. But since then, as green jays have pushed north and blue jays have pushed west, their ranges have converged around San Antonio.

As a Ph.D. candidate studying green jays in Texas, Stokes was in the habit of monitoring several social media sites where birders share photos of their sightings. It was one of several ways he located birds to trap, take blood samples for genetic analysis and release unharmed back to the wild. One day, he saw a grainy photo of an odd-looking blue bird with a black mask and white chest posted by a woman in a suburb northeast of San Antonio. It was vaguely like a blue jay, but clearly different. The backyard birder invited Stokes to her house to see it firsthand.

"The first day, we tried to catch it, but it was really uncooperative," Stokes said. "But the second day, we got lucky."

The bird got tangled in a mist net, basically a long rectangular mesh of black nylon threads stretched between two poles that is easy for a flying bird to overlook as it's soaring through the air, focused on some destination beyond. Stokes caught and released dozens of other birds, before his quarry finally blundered into his net on the second day.




Stokes took a quick blood sample of this strange bird, banded its leg to help relocate it in the future, and then let it go. Interestingly, the bird disappeared for a few years and then returned to the woman's yard in June 2025. It's not clear what was so special about her yard.

"I don't know what it was, but it was kind of like random happenstance," he said. "If it had gone two houses down, probably it would have never been reported anywhere."

According to an analysis by Stokes and his faculty advisor, integrative biology professor Tim Keitt, published in the journal Ecology and Evolution, the bird is a male hybrid offspring of a green jay mother and a blue jay father. That makes it like another hybrid that researchers in the 1970s brought into being by crossing a green jay and a blue jay in captivity. That taxidermically preserved bird looks much like the one Stokes and Keitt describe and is in the collections of the Fort Worth Museum of Science and History.

"Hybridization is probably way more common in the natural world than researchers know about because there's just so much inability to report these things happening," Stokes said. "And it's probably possible in a lot of species that we just don't see because they're physically separated from one another and so they don't get the chance to try to mate."

The scientists' work was supported by a ConTex Collaborative Research Grant through UT System, the Texas EcoLab Program and Planet Texas 2050, a University of Texas at Austin grand challenge initiative.

The researchers did not opt to name the hybrid bird, but other naturally occurring hybrids have received nicknames like "grolar bear" for the polar bear-grizzly hybrid, "coywolf" for a creature that's part coyote and part wolf and "narluga" for an animal with both narwhal and beluga whale parents.
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Hidden gene trick lets ants smell with super precision | ScienceDaily
Ant societies are built on scent. Pheromones guide the insects to food, warn them of predators, and regulate the rhythms of their colonies. This chemical communication system is governed by a simple rule: one receptor, one neuron. Ant genomes contain hundreds of odorant receptor genes, each encoding a receptor tuned to specific chemicals. Were a neuron to express multiple receptors at once, the messages arriving in the brain would be scrambled, and the ant would lose its finely tuned sense of smell.


						
Now, scientists working with the clonal raider ant have discovered the unique process by which each neuron selects a single odorant receptor from a vast library of genes. The findings, published in Current Biology, settle the longstanding mystery of how ants keep sensory signals clear.

"We're describing a new form of gene regulation," says Daniel Kronauer, head of the Laboratory of Social Evolution and Behavior at Rockefeller. "Our results demonstrate the importance of studying less conventional model species. We were able to discover new, fundamental molecular phenomena in clonal raider ants that we could not have seen in fruit flies."

One receptor, one neuron

A central principle of smell is that every neuron must have its own molecular identity. "It's a kind of dogma in the field of sensory neuroscience," says Giacomo Glotzer, a graduate student in the Kronauer lab. "Each sensory neuron typically expresses one receptor -- and that gives it its identity."

Different species solve the "one receptor, one neuron" puzzle in different ways. Fruit flies rely on molecular switches that turn individual genes on or off, ensuring that only one receptor emerges from each sensory neuron. Mammals employ a more chaotic approach, with each neuron randomly reshuffling its chromatin until only one receptor gene remains accessible.

It was unknown, however, whether ants employed a strategy more like the fly or the mouse, or altogether different strategy. Unlike fruit flies, which get by with about 60 odorant receptors, ants have several hundred -- comparable in scale to that of mammals. And many of their receptors are packed into clusters of nearly identical genes. In such a crowded neighborhood, turning on one gene might incidentally activate others. A simple strategy like the fruit fly's may not work for the ant's complex sense of smell, suggesting that ants maintain the 1:1 olfactory ratio some other way.




Building on a foundational paper on the subject that the team had published in 2023, the lab set out to capture this elusive mechanism in action. After dissecting the antennal tissue of clonal raider ants, the team then used RNA sequencing, to determine which genes were turned on, and RNA fluorescence in situ hybridization, to localize those genes in the ant antenna. They then used numerous cutting-edge molecular and computational techniques to create a clear image of one chosen receptor surrounded by its quieted neighbors.

They found that, when an ant neuron switches on its chosen receptor gene, it doesn't stop there. The RNA polymerase -- the engine that copies the DNA into RNA -- continues past that gene's normal endpoint, spilling into the genes that sit downstream of the target. These "readthrough" transcripts remain trapped in the nucleus, likely because they lack the unique tag required for export. The authors speculate that these transcripts are non-functional, but that their production itself is what silences downstream genes. Meanwhile, the neuron also generates "antisense" RNAs in the other direction. The polymerase here acts as a roadblock to silence upstream genes that might otherwise have turned on.

The result is a protective genetic shield around the chosen receptor gene.

"When we took the mechanism apart and dissected it into its constituent parts, we found that this strategy serves to silence the local genomic environment, giving that cell its singular receptor identity," says Parviz Daniel Hejazi Pastor, a biomedical fellow in the Kronauer lab. "Our findings center around transcriptional interference -- that the neuron chooses one receptor by preventing the true transcription of other receptors both upstream and downstream."

Beyond clonal raider ants

The team went on to confirm that this same mechanism is at work in other social insects, including the Indian jumping ant and the honeybee. These findings raise the possibility that many insects, both social and non-social, use transcriptional interference to maintain a 1:1 ratio between receptors and neurons. "This mechanism may be even more broadly distributed than we thought, particularly among insect species with large repertoires of olfactory receptor genes" Kronauer says. "It's even possible that fruit flies are the odd ones out."

The implications extend far beyond insect olfaction. By showing that tight clusters of related genes can be governed by two-way safeguards -- readthrough that quiets downstream neighbors and antisense transcription that blocks upstream ones -- this work offers a blueprint for how genomes might keep large gene families in check. The results also point to a potential mechanism for explaining how ants quickly expand their sense of smell over relatively short evolutionary time. The findings described in this paper might allow newly duplicated receptor genes to be integrated into a sensory system without the need to coevolve additional regulatory mechanisms.

"Once you have the system in place like this, you can allow it to become more complex without disrupting anything," Kronauer says. "We speculate that this kind of gene regulatory system contributes to allowing the ants to evolve new olfactory receptors so quickly."
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Stunning fossil from the Gobi Desert rewrites dinosaur history | ScienceDaily
A "teenaged" pachycephalosaur from Mongolia's Gobi Desert may provide answers to lingering questions around the dinosaur group, according to new research published on September 17 in the journal Nature. The fossil represents a new species of pachycephalosaur and is both the oldest and most complete skeleton of this dinosaur group found to date.


						
"Pachycephalosaurs are iconic dinosaurs, but they're also rare and mysterious," says Lindsay Zanno, associate research professor at North Carolina State University, head of paleontology at the North Carolina Museum of Natural Sciences and corresponding author of the work.

The specimen was discovered in the Khuren Dukh locality of the Eastern Gobi Basin by Tsogtbaatar Chinzorig from the Mongolian Academy of Sciences, who is the lead author of the paper and currently a research assistant at NC State.

The new species is called Zavacephale rinpoche, which is the combination of zava, meaning "root" or "origin" in Tibetan, and cephal, meaning "head" in Latin. The specific name, "rinpoche," or "precious one" in Tibetan, refers to the domed skull discovered exposed on a cliff like a cabochon jewel.

Z. rinpoche lived around 108 million years ago during the Early Cretaceous period in what is now Mongolia's Gobi Desert. At the time, the area was a valley dotted with lakes and surrounded by cliffs or escarpments. Pachycephalosaurs were plant eaters, and adults could grow to around 14 feet long (4.3 meters) and seven feet tall (2.1 meters), weighing 800 -- 900 pounds (363 - 410 kilograms).

"Z. rinpoche predates all known pachycephalosaur fossils to date by about 15 million years," Chinzorig says. "It was a small animal - about three feet or less than one meter long - and the most skeletally complete specimen yet found."

The Z. rinpoche specimen the team discovered was not fully grown when it died. However, it already sported a fully formed dome, though without much of the additional ornamentation found on other pachycephalosaur fossils.




"Z. rinpoche is an important specimen for understanding the cranial dome development of pachycephalosaurs, which has been debated for a long time due to the absence of early diverging or pre-Late Cretaceous species and the fragmentary nature of nearly all pachycephalosaurian fossils," Chinzorig says.

How to tell whether two skulls that look different belong to two distinct species or just different growth stages of the same species is a long-standing debate for paleontologists who study this group, and that's where Z. rinpoche comes in.

"Pachycephalosaurs are all about the bling, but we can't use flashy signaling structures alone to figure out what species they belong to or what growth stage they're in because some cranial ornamentation changes as animals mature," Zanno says.

"We age dinosaurs by looking at growth rings in bones, but most pachycephalosaur skeletons are just isolated, fragmentary skulls," Zanno adds. "Z. rinpoche is a spectacular find because it has limbs and a complete skull, allowing us to couple growth stage and dome development for the first time."

By examining a thin slice of the specimen's lower leg bone, the researchers determined that, despite sporting a fully formed dome, this Z. rinpoche was still a juvenile when it died.

Pachycephalosaurs are famous for their large domed skulls and are often depicted using those domes to duel in epic headbutting contests. "The consensus is that these dinosaurs used the dome for socio-sexual behaviors," Zanno says. "The domes wouldn't have helped against predators or for temperature regulation, so they were most likely for showing off and competing for mates.




"If you need to headbutt yourself into a relationship, it's a good idea to start rehearsing early," she says.

Z. rinpoche fills in huge gaps in the pachycephalosaur timeline - both in terms of when they lived and how they grew, the researchers say.

"This specimen is a once-in-a-lifetime discovery. It is remarkable for being the oldest definitive pachycephalosaur, pushing back the fossil record of this group by at least 15 million years, but also because of how complete and well-preserved it is," Zanno says. "Z. rinpoche gives us an unprecedented glimpse into the anatomy and biology of pachycephalosaurs, including what their hands looked like and that they used stomach stones to grind food."

"The newly recovered materials of Z. rinpoche, such as the hand elements, the stomach stones (gastroliths), and an articulated tail with covered tendons, reshape our understanding of the paleobiology, locomotion, and body plan of these 'mysterious' dinosaurs," Chinzorig says.

The work appears in Nature and was supported by the National Geographic Society (grant NGS-100601R-23). Ryuji Takasaki of the Okayama University of Science; Junki Yoshida of the Fukushima Museum; Batsaikhan Buyantegsh, Buuvei Mainbayar and Khishigjav Tsogtbaatar of the Institute of Paleontology of the Mongolian Academy of Sciences; and Ryan Tucker of Stellenbosch University contributed to the work.
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Simple therapies outperform drugs for knee arthritis pain relief | ScienceDaily
Knee braces, water therapy and exercise are the most promising non-drug therapies for treating knee osteoarthritis, according to a new meta-analysis publishing June 18, 2025 in the open-access journal PLOS One by Yuan Luo of the First People's Hospital of Neijiang, China.


						
Knee osteoarthritis (KOA) is a common and often debilitating condition that affects millions of older adults, causing pain and stiffening of the knee joint. Treatment often includes anti-inflammatory drugs, which are linked to gastrointestinal and cardiovascular adverse events.

In the new study, researchers examined the current evidence on non-drug therapies for treating KOA. They looked at data from 139 clinical trials involving nearly 10,000 people to compare 12 different non-drug treatments. These included laser therapy, electrical stimulation, braces, insoles, kinesiology tape, water-based therapy, exercise, and ultrasound. By combining results from all these studies into a powerful network meta-analysis, the team could rank the therapies based on how well they worked.

Knee braces came out on top across most categories, including reducing pain, improving function, and relieving stiffness. Hydrotherapy -- exercises or treatments performed in warm water -- was particularly effective at easing pain and general exercise was also consistently effective, improving both pain and physical function. High-intensity laser therapy and shock wave therapy showed some benefits, while ultrasound consistently scored the lowest in effectiveness.

The authors caution that differences in study design, small sample sizes, and variability in treatment duration between the 139 included studies may limit the precision of the rankings. However, they conclude that physical therapy has promising effects on KOA, offering potential treatments without the risks of anti-inflammatory drugs. Future studies should examine the clinical efficacy of combined therapies, as well as their cost-effectiveness.

The authors add: "Knee braces, hydrotherapy, and exercise are the most effective non-drug therapies for knee osteoarthritis. They reduce pain and improve mobility without the gastrointestinal or cardiovascular risks linked to common pain medications. Patients and clinicians should prioritize these evidence-based options."

"Our analysis of nearly 10,000 patients reveals that simple, accessible therapies like knee bracing and water-based exercise outperform high-tech options like ultrasound. This could reshape clinical guidelines to focus on safer, lower-cost interventions."
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        This high-sugar fruit may actually lower diabetes risk
        Mangos, often dismissed as too sugary, may hold hidden benefits for those at risk of diabetes. A George Mason University study found that daily mango eaters showed better blood sugar control and less body fat than those eating a lower-sugar snack. The results suggest that it's not just sugar levels, but how the sugar is packaged in whole foods, that matters.

      

      
        Hidden bacterial molecules in the brain reveal new secrets of sleep
        New studies show that a bacterial molecule, peptidoglycan, is present in the brain and fluctuates with sleep patterns. This challenges the idea that sleep is solely brain-driven, instead suggesting it's a collaborative process between our bodies and microbiomes. The theory links microbes not only to sleep but also to cognition, appetite, and behavior, pointing to a profound evolutionary relationship.

      

      
        Brain fat, not just plaques, may be the hidden driver of Alzheimer's
        For decades, scientists believed Alzheimer's was driven mainly by sticky protein plaques and tangles in the brain. Now Purdue researchers have revealed a hidden culprit: fat. They found that brain immune cells can become clogged with fat, leaving them too weak to fight off disease. By clearing out this fat and restoring the cells' defenses, researchers may have uncovered an entirely new way to combat Alzheimer's -- shifting the focus from plaques alone to how the brain handles fat.

      

      
        Scientists reveal pill that helps shed 20% of body weight
        A massive international study has shown that the experimental oral obesity drug orforglipron can help patients shed over 10% of their body weight, with nearly one in five losing 20% or more. Unlike most GLP-1 agonists that require injections, orforglipron comes as a once-daily pill, potentially making weight-loss treatment more accessible.

      

      
        AI-powered smart bandage heals wounds 25% faster
        A new wearable device, a-Heal, combines AI, imaging, and bioelectronics to speed up wound recovery. It continuously monitors wounds, diagnoses healing stages, and applies personalized treatments like medicine or electric fields. Preclinical tests showed healing about 25% faster than standard care, highlighting potential for chronic wound therapy.

      

      
        A tiny mineral may hold the secret to feeding billions sustainably
        Rice, a staple for billions, is one of the most resource-hungry crops on the planet--but scientists may have found a way to change that. By applying nanoscale selenium directly to rice plants, researchers dramatically improved nitrogen efficiency, boosted yields, and made grains more nutritious while reducing fertilizer use and cutting greenhouse gas emissions.

      

      
        Mushrooms evolved psychedelics twice, baffling scientists
        Researchers found that magic mushrooms and fiber caps independently evolved different biochemical pathways to create psilocybin. This convergence shows nature's ingenuity, but the reason why remains unknown--possibly predator deterrence. Beyond evolutionary mystery, the discovery provides new enzyme tools for biotech, with promising applications for producing psilocybin-based medicines.

      

      
        Tylenol in pregnancy linked to higher autism risk, Harvard scientists report
        Researchers reviewing 46 studies found evidence linking prenatal acetaminophen (Tylenol) exposure with higher risks of autism and ADHD. The FDA has since urged caution, echoing scientists' advice that the drug be used only at the lowest effective dose and shortest duration. While important for managing fever and pain in pregnancy, prolonged use may pose risks to fetal development. Experts stress careful medical oversight and further investigation.

      

      
        Dogs can tell how toys work without any training
        Gifted dogs can categorize toys by function, not just appearance. In playful at-home tests, they linked labels like "fetch" and "pull" to toys--even ones they'd never seen before. The findings hint that dogs form mental concepts of objects, much like humans, pointing to deeper cognitive abilities.

      

      
        AI breakthrough finds life-saving insights in everyday bloodwork
        AI-powered analysis of routine blood tests can reveal hidden patterns that predict recovery and survival after spinal cord injuries. This breakthrough could make life-saving predictions affordable and accessible in hospitals worldwide.

      

      
        How dehydration secretly fuels anxiety and health problems
        Not drinking enough water could intensify stress responses. Researchers found that under-hydrated individuals had cortisol levels more than 50% higher during stressful situations. Poor hydration didn't make participants feel thirstier, but it did trigger biological signs of strain. Keeping a water bottle handy could help manage stress and safeguard health.

      

      
        Can meditation apps really reduce stress, anxiety, and insomnia?
        Meditation apps are revolutionizing mental health, providing easy access to mindfulness practices and new opportunities for scientific research. With the help of wearables and AI, these tools can now deliver personalized training tailored to individual needs.

      

      
        Dementia-like clumps found in cells before cancer strikes
        Researchers found that pancreatic pre-cancer cells mimic dementia by forming clumps of proteins due to faulty recycling processes. These insights could shed light on why pancreatic cancer develops so aggressively and why it is difficult to treat. By studying overlaps with neurological diseases, scientists hope to identify new strategies for prevention and treatment.

      

      
        Hidden brain signal reveals Alzheimer's years before symptoms
        A new study has revealed that TSPO, a protein linked to brain inflammation, rises long before Alzheimer's symptoms appear. Researchers tracked the protein in genetically engineered mice and confirmed the results in human brain tissue from Colombian families with a known Alzheimer's mutation. They found unusually high levels of TSPO in microglia clustered around plaques, particularly in women. This discovery not only deepens our understanding of the disease but also sparks the possibility of using...

      

      
        Childhood plastic exposure could be fueling obesity, infertility, and asthma
        A sweeping review from NYU Langone Health reveals that everyday exposure to plastics--especially during childhood--poses lasting risks for heart disease, infertility, asthma, and even brain development issues. These chemicals, found in packaging, cosmetics, and common household items, can disrupt hormones, ignite chronic inflammation, and lower IQ.

      

      
        Sneezing from cats or dust? Safe UV light may neutralize allergens in minutes
        Sneezing from cats, dust mites, or mold may one day be preventable with a flip of a switch. Researchers at CU Boulder found that UV222 light can alter allergen proteins, reducing allergic reactions without dangerous side effects. Within 30 minutes, airborne allergens decreased by up to 25%. The team imagines portable devices that could shield people in homes, schools, and workplaces from harmful triggers.

      

      
        A hormone that silences the immune system may unlock new cancer treatments
        Scientists have discovered that cancer uses a hidden hormone to switch off the body's natural defenses, allowing tumors to grow unchecked. By uncovering this secret signal, they found a way to block it and restore the immune system's ability to fight back. The breakthrough not only hints at powerful new cancer treatments but also suggests the same pathway could someday be used to calm autoimmune diseases.

      

      
        When cancer cells feel squeezed, they become more dangerous
        New research shows that cancer cells don't just grow; they adapt when stressed. When squeezed inside tissues, they transform into more invasive, drug-resistant versions of themselves. A protein called HMGB2 helps flip this dangerous switch, giving the cells new powers to escape. The findings reveal how the tumor's environment itself can drive cancer's deadly flexibility.

      

      
        Want a younger brain? Harvard researchers say eat like this
        Researchers have shown that a green-Mediterranean diet can help slow brain aging. By analyzing data from the DIRECT PLUS trial, scientists found reduced levels of proteins tied to faster brain decline among those consuming green tea and Mankai. The results point to anti-inflammatory compounds as key protectors of brain health. This diet may be a powerful tool for preserving cognitive function.

      

      
        Why alcohol blocks the liver from healing, even after you quit
        Alcohol doesn't just damage the liver -- it locks its cells in a strange "in-between" state that prevents them from healing. Even after someone quits drinking, liver cells often get stuck, unable to function normally or regenerate. Scientists have now traced this problem to runaway inflammation, which scrambles the cell's instructions and silences a key helper protein. By blocking these inflammatory signals in lab tests, they were able to restore the liver's healing ability -- a finding that could ...

      

      
        New crystal camera lets doctors see inside the body like never before
        Scientists have created a perovskite-based gamma-ray detector that surpasses traditional nuclear medicine imaging technology. The device delivers sharper, faster, and safer scans at a fraction of the cost. By combining crystal engineering with pixelated sensor design, it achieves record imaging resolution. Now being commercialized, it promises to expand access to high-quality diagnostics worldwide.

      

      
        Breakthrough method could dramatically cut prescription drug prices
        University of Maine researchers developed a new process to make HBL, a key ingredient in many medicines, from renewable glucose instead of petroleum. The approach not only lowers drug production costs but also reduces emissions.

      

      
        Scientists reveal the everyday habits that may shield you from dementia
        New studies reveal that lifestyle changes--such as exercise, healthy eating, and social engagement--can help slow or prevent cognitive decline. Experts say this low-cost, powerful approach could transform dementia care and reduce its crushing toll on families and health systems.

      

      
        Your pancreas may be making its own version of Ozempic
        Duke University scientists have discovered that pancreatic alpha cells, long believed to only produce glucagon, actually generate powerful amounts of GLP-1 -- the same hormone mimicked by popular diabetes drugs like semaglutide (Ozempic and Wegovy). Even more surprisingly, when glucagon production is blocked, alpha cells "switch gears" and boost GLP-1 output, enhancing insulin release and blood sugar control.

      

      
        This stunning X-ray advance could help detect cancer earlier
        Sandia scientists developed a new type of X-ray that uses patterned multi-metal targets to create colorized, high-resolution images. The technology promises sharper scans, better material detection, and transformative applications in security, manufacturing, and medicine.

      

      
        Simple therapies outperform drugs for knee arthritis pain relief
        A sweeping analysis of nearly 10,000 patients reveals that knee braces, hydrotherapy, and exercise stand out as the most effective non-drug therapies for knee osteoarthritis. Unlike common pain medications that carry risks, these low-cost and accessible options reduce pain, improve mobility, and could shift treatment guidelines toward safer, drug-free approaches.

      

      
        Clear skin in a week with this breakthrough acne patch
        Researchers have created a two-stage acne patch with tiny arrowhead-shaped spikes that deliver healing compounds directly under the skin. Trials showed pimples vanished in seven days, and the technology may expand to treat other conditions.

      

      
        New breath sensor detects diabetes quickly and easily
        Diabetes affects millions of Americans, and many don't even realize they have it. Instead of relying on costly and time-consuming lab tests, scientists at Penn State have developed a breath sensor that can detect diabetes and prediabetes within minutes by measuring acetone levels. Built from laser-induced graphene and zinc oxide, the sensor is lightweight, inexpensive, and designed to overcome challenges like humidity in exhaled breath.

      

      
        Scientists uncover exercise's secret hunger-busting molecule
        Scientists have uncovered how exercise suppresses appetite through a surprising molecular pathway. A compound called Lac-Phe, produced during intense workouts, directly quiets hunger neurons in the brain while boosting appetite-suppressing ones, causing mice to eat less without side effects. This discovery reveals a natural mechanism linking physical activity and reduced hunger, paving the way for new obesity treatments.

      

      
        Scientists discover cancer's hidden power to accelerate aging
        New research reveals lymphoma can directly accelerate aging in the immune system and vital organs, independent of treatments like chemotherapy. The changes, sometimes reversible, highlight a hidden dimension of cancer--and possible new paths for intervention.

      

      
        Hardly anyone uses this surprisingly simple fix for high blood pressure
        Despite strong evidence that salt substitutes can safely lower sodium intake and reduce high blood pressure, very few Americans use them. A new analysis of nearly 20 years of national health data found that usage peaked at just over 5% and then declined, even among those with hypertension. Researchers say this represents a major missed opportunity to improve heart health, especially since salt substitutes are inexpensive and effective.

      

      
        Smoking's hidden gut bacteria trick may lead to new colitis treatments
        For decades, scientists have puzzled over why smoking makes Crohn's disease worse but seems to protect people from ulcerative colitis. Now, researchers at RIKEN have discovered that smoking creates metabolites like hydroquinone that allow mouth bacteria--especially Streptococcus mitis--to settle in the gut. These bacteria spark an immune response that reduces inflammation in colitis but worsens Crohn's. The findings open the door to new therapies using probiotics or targeted compounds that mimic sm...

      

      
        Scientists finally reveal the hidden mechanism linking alcohol to fatty liver
        Mayo Clinic scientists uncovered how excessive drinking triggers fatty liver disease by disrupting the enzyme VCP, which normally prevents harmful protein buildup on fat droplets in the liver. Alcohol blocks this protective process, allowing fat to accumulate and damage liver cells.

      

      
        Alcohol's hidden shortcut lets gut bacteria wreck the liver
        Alcohol-associated liver disease is becoming a massive health and economic burden, but researchers at UC San Diego may have uncovered a new way forward. They discovered that chronic alcohol use blocks a crucial protein that normally helps keep gut bacteria from leaking into the liver, worsening damage. Restoring this protein's function, using drugs already in development, could not only reduce liver disease but also have implications for treating alcohol addiction itself.

      

      
        Wildfire smoke could kill 70,000 Americans a year by 2050
        Wildfires are no longer a seasonal nuisance but a deadly, nationwide health crisis. Fueled by climate change, smoke is spreading farther and lingering longer, with new research warning of tens of thousands of additional deaths annually by mid-century. The health costs alone could surpass all other climate damages combined, revealing wildfire smoke as one of the most underestimated threats of our warming world.

      

      
        Scientists discover microplastics deep inside human bones
        Microplastics have been detected in human blood, brain tissue, and even bones, where they may weaken skeletal structure and accelerate cell aging. Recent studies suggest that these particles could worsen metabolic bone diseases like osteoporosis, a risk that's especially concerning as fractures are projected to rise sharply in the coming decades.

      

      
        Could plastic in your food be fueling Azheimer's?
        Plastic particles from everyday items like Styrofoam cups and take-out containers are finding their way into the brain, where they may trigger Alzheimer's-like symptoms. New research shows that mice carrying the Alzheimer's-linked APOE4 gene who consumed microplastics exhibited sex-dependent cognitive decline, mirroring the differences seen in human patients.
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This high-sugar fruit may actually lower diabetes risk | ScienceDaily
If presented with two snacks, one containing seven grams of sugar and another with over 30 grams of sugar, choosing the healthier option should be a no-brainer, correct? Well, maybe not. Less sugar is not automatically healthier.


						
For the nearly 100 million adults in the United States who are currently living with prediabetes, a tropical fruit that can reduce the risk of diabetes sounds too good to be true. Tropical fruits contain anywhere between ten to 50 grams of sugar, with mangos on the high end of the spectrum, making them seem a poor snack choice based on that alone. But research by clinical nutrition researcher Raedeh Basiri indicates that mangos, despite having more sugar than many low-sugar snacks, may offer protective factors for adults with prediabetes.

"It is not just the sugar content that matters, but the overall food context that matters," said Basiri, assistant professor in George Mason's Department of Nutrition and Food Studies. This study is the first long-term clinical trial to demonstrate both metabolic and body composition benefits of mangoes in prediabetes.

Simply put, it's more than the sugar in the food; it's about the whole food. The sugars naturally found in mangos, and other fruits, are complemented by fiber and other vitamins and nutrients that offer additional health benefits. Food with added sugar, such as breakfast cereals, and even low-sugar snack options, may not have the same nutritional value and can even increase diabetes risk.

"The goal is to encourage people to include whole fruits, like mango, as part of healthy eating behaviors and practical dietary strategies for diabetes prevention," said Basiri. "Individuals at high risk of diabetes should not only focus on the sugar content of foods, but on how sugars are delivered."

Basiri and her team split study participants into two groups; one group received a fresh mango daily, while the other group was given a low-sugar granola bar each day. Over six months, researchers measured participants' blood glucose levels, bodily responses to insulin, and body fat.

At the conclusion of the study, findings revealed that the high-sugar mango (32 grams of sugar) proved more beneficial than a low-sugar granola bar (11 grams of sugar). The group that consumed the daily mango showed improved blood glucose control, enhanced insulin sensitivity, and reduced body fat.




"Daily Mango Intake Improves Glycemic and Body Composition Outcomes in Adults with Prediabetes: A Randomized Controlled Study" was published in Foods in August 2025.

This study was funded by the National Mango Board. The authors declare no other potential conflicts of interest. The funders had no role in the design of the study, in the collection, analysis, interpretation of data, or the decision to publish results.

About the researcher

Raedeh Basiri is a registered dietitian and an assistant professor in the Department of Nutrition and Food Studies at George Mason's College of Public Health. Basiri is a clinical nutrition researcher specializing in personalized nutrition therapy and the use of emerging technologies, such as continuous glucose monitoring, to improve outcomes in individuals with prediabetes, diabetes, and metabolic syndrome. Her work combines randomized controlled trials and large-scale data analysis to investigate how whole foods and dietary patterns impact insulin resistance, glycemic control, sleep, and both mental and gut health. Basiri takes a rigorous, interdisciplinary approach and is deeply committed to chronic disease prevention, collaborative research, and mentoring future professionals.
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Hidden bacterial molecules in the brain reveal new secrets of sleep | ScienceDaily
What causes us to sleep? The answer may lie not only in our brains, but in their complex interplay with the micro-organisms spawned in our intestines.


						
New research from Washington State University suggests a new paradigm in understanding sleep, demonstrating that a substance in the mesh-like walls of bacteria, known as peptidoglycan, is naturally present in the brains of mice and closely aligned with the sleep cycle.

Those findings serve to update a broader hypothesis that has been in development at WSU for years -- proposing that sleep arises from communication between the body's sleep regulatory systems and the multitude of microbes living inside us.

"This added a new dimension to what we already know," said Erika English, a PhD candidate at WSU and lead author on two recently published scientific papers introducing the findings.

This view of sleep as arising from that "holobiont condition" joins a growing body of evidence suggesting that our gut microbiomes play an important role in cognition, appetite, sex drive and other activity -- a view that turns traditional brain-centric models of cognition upside-down and has implications for our understanding of evolution and free will, as well as the development of future treatments for sleep disorders.

The recent findings regarding peptidoglycan, or PG, lend weight to that hypothesis and point to a possible regulatory role for bacterial cell wall products in sleep. PG is known to promote sleep when injected in animals, but until recently, the conventional view held that it did not naturally migrate to the brain.

English found that PG, along with its receptor molecules involved in PG signaling and communication, was present in different locations within the brain, at levels that changed with the time of day and sleep deprivation.




The findings were reported in July in Frontiers in Neuroscience; longtime WSU sleep researcher and Regents Professor James Krueger co-authored the paper. English is also lead author of a recent paper with Krueger in the journal Sleep Medicine Reviews that proposes the "holobiont condition" hypothesis of sleep.

That paper combines two prevailing views. One posits that sleep is regulated by the brain and neurological systems. Another focuses on "local sleep," which frames slumber as the result of an accumulation of sleep-like states among small cellular networks throughout the body. Such sleep-like states have been observed among cells in vitro, known as the "sleep in a dish" model.

As these smaller pockets of sleep accumulate, like lights going off in a house, the body tips from wakefulness toward sleep.

The new hypothesis merges those theories, proposing that sleep results from the interplay between the body and its resident micro-organisms -- two autonomous systems that interact and overlap.

"It's not one or the other, it's both. They have to work together," English said. "Sleep really is a process. It happens at many different speeds for different levels of cellular and tissue organization and it comes about because of extensive coordination."

Links between the microbiome and behavior are emerging on several fronts, indicating that micro-organisms formed in the gut play an important role in cognition and fundamental human behaviors. This work upends the traditional view of human neurology, suggesting that it is not completely top-down -- i.e., the result of decision-making in the brain -- but bottom-up -- i.e., driven by the tiny organisms whose evolution shaped animals to serve as their hosts and whose needs influence the activities and cognition of their hosts.




"We have a whole community of microbes living within us. Those microbes have a much longer evolutionary history than any mammal, bird or insect - much longer, billions of years longer," said Krueger, who was named a "Living Legend in Sleep Research" by the Sleep Research Society in 2023. "We think sleep evolution began eons ago with the activity/inactivity cycle of bacteria, and the molecules that were driving that are related to the ones driving cognition today."

English's work expands upon known links between bacteria and sleep, including the fact that sleep patterns affect the function of the gut microbiome and that bacterial infections cause people to sleep more.

The new findings begin to delve into questions that English looks forward to exploring further.

"Now that the world has come to appreciate how important microbes are, not just for disease but also for health, it's a very exciting time to start to expand on our understanding of how we are communicating with our microbes and how our microbes are communicating with us," she said.
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Brain fat, not just plaques, may be the hidden driver of Alzheimer's | ScienceDaily
It was long thought that fat in the brain played no role in neurodegenerative diseases, but Purdue University researchers are challenging that assumption.


						
The research findings, published in Immunity, show that excess fat in the brain's resident immune cells, called microglia, impairs their ability to combat disease. This insight opens a path to lipid biology-based neuroimmune therapies that could treat diseases like Alzheimer's by enhancing microglial function and neuronal health. This work was led by Gaurav Chopra, the James Tarpo Jr. and Margaret Tarpo Professor of Chemistry and (by courtesy) of Computer Science at Purdue.

While most Alzheimer's drug development targets the primary pathologies of the disease -- plaques of a misfolded protein called amyloid beta and tangles of the protein tau -- Chopra is focused on the abnormally fat-rich cells surrounding diseased regions of the brain. In earlier work published in Nature, Chopra and collaborators showed that, in the presence of disease, astrocytes -- another type of cells that support neurons -- release a fatty acid that is toxic to brain cells. Another collaborative work with the University of Pennsylvania, published last year in Nature, also linked mitochondrial dysfunction in neurons with fat deposits in glial cells during aging -- a major risk factor for neurodegeneration.

"In our view, directly targeting plaques or tangles will not solve the problem; we need to restore function of immune cells in the brain," Chopra said. "We're finding that reducing accumulation of fat in the diseased brain is the key, as accumulated fat makes it harder for the immune system to do its job and maintain balance. By targeting these pathways, we can restore the ability of immune cells like microglia to fight disease and keep the brain in balance, which is what they're meant to do."

Chopra's team worked in collaboration with researchers at Cleveland Clinic led by Dimitrios Davalos, assistant professor of molecular medicine. Chopra is also the director of Merck-Purdue Center and a member of the Purdue Institute for Integrative Neuroscience; the Purdue Institute for Drug Discovery; the Purdue Institute of Inflammation, Immunology and Infectious Disease; and the Regenstrief Center for Healthcare Engineering.

Chopra's work is part of Purdue's presidential One Health initiative, which brings together research on human, animal and plant health. His research supports the initiative's focus on advanced chemistry, where Purdue faculty study complex chemical systems and develop new techniques and applications.

More than 100 years ago, Alois Alzheimer identified abnormalities in the brain of a woman with the disease that now bears his name, including plaques, tangles and cells filled with droplets of fatty compounds called lipids. Until recently, these lipid droplets were dismissed as by-products of disease.




But the links that Chopra and his team have found between neurodegenerative disease and fats in microglia and astrocytes -- both types of glial cells that support neurons in the brain -- strongly suggest otherwise. Chopra says this research lays the foundation for a "new lipid model of neurodegeneration." He likes to call these fat accumulations "lipid plaques," as they don't resemble spherical droplets.

"It is not the lipid droplets that are pathogenic, but the accumulation of these droplets is bad. We think the composition of lipid molecules that accumulate within brain cells is one of the major drivers of neuroinflammation, leading to different pathologies, such as aging, Alzheimer's disease and other conditions related to inflammatory insults in the brain. The specific composition of these lipid plaques may define particular brain diseases," Chopra said.

The Immunity paper focuses on microglia, the "bona fide immune cells of the brain," which clear out debris, such as misfolded proteins like amyloid beta and tau, by absorbing and breaking them down through a process called phagocytosis. Chopra's team examined microglia in the presence of amyloid beta and asked a simple question: What happens to microglia when they come into contact with amyloid beta?

Images of brain tissue from people with Alzheimer's disease showed amyloid beta plaques surrounded by microglia. Microglia located within 10 micrometers of these plaques contained twice as many lipid droplets as those farther away. These lipid droplet-laden microglia closest to the plaques cleared 40% less amyloid beta than ordinary microglia from brains without disease.

In their investigation into why microglia were impaired in Alzheimer's brains, the team used specialized techniques and found that microglia in contact with plaques and disease-related inflammation produced an excess of free fatty acids. While microglia normally use free fatty acids as an energy source -- and some production of these fatty acids is even beneficial -- Chopra and his team discovered the microglia closest to amyloid beta plaques convert these free fatty acids to triacylglycerol, a stored form of fat, in such large quantities that they become overloaded and immobilized by their own accumulation. The formation of these lipid droplets depends on age and disease progression, becoming more prominent as Alzheimer's disease advances.

By tracing the complex series of steps microglia use to convert free fatty acids to triacylglycerol, the research team zeroed in on the final step of this pathway. They found abnormally high levels of an enzyme called DGAT2 catalyzes the final step of converting free fatty acids to triacylglycerol. They expected to see equally high levels of the DGAT2 gene -- since the gene must be copied to produce the protein -- but that was not the case. The enzyme accumulates because it is not degrading as quickly as it normally would, rather than being overproduced. This accumulation of DGAT2 causes microglia to divert fatty acids into long-term storage and fat accumulation instead of using them for energy or repair.




"We showed that amyloid beta is directly responsible for the fat that forms inside microglia," Chopra said. "Because of these fatty deposits, microglial cells become dysfunctional -- they stop clearing amyloid beta and stop doing their job."

Chopra said the researchers don't yet know what causes the DGAT2 enzyme to persist. However, in their search for a remedy, the team tested two molecules: one that inhibits DGAT2's function and another that promotes its degradation. The degradation of the DGAT2 enzyme was ultimately beneficial to reduce fat in the brains, improve function of microglia and their ability to eat amyloid-beta plaques, and improve markers of neuronal health in Alzheimer's disease animal models.

"What we've seen is that when we target the fat-making enzyme and either remove or degrade it, we restore the microglia's ability to fight disease and maintain balance in the brain -- which is what they're meant to do," Chopra said.

"This is an exciting finding that reveals how a toxic protein plaque directly influences how lipids are formed and metabolized by microglial cells in Alzheimer's brains," said Priya Prakash, a first co-author of the study. "While most recent work in this area has focused on the genetic basis of the disease, our research paves the way for understanding how lipids and their pathways within the brain's immune cells can be targeted to restore their function and combat the disease."

"It's incredibly exciting to connect fat metabolism to immune dysfunction in Alzheimer's," said Palak Manchanda, the other first co-author. "By pinpointing this lipid burden and the DGAT2 switch that drives it, we reveal a completely new therapeutic angle: Restore microglial metabolism and you may restore the brain's own defense against disease."

At Purdue, Chopra was joined in the research by Prakash, Manchanda, Kanchan Bisht, Kaushik Sharma, Prageeth R. Wijewardhane, Caitlin Randolph, Matthew Clark, Jonathan Fine, Elizabeth Thayer and Chi Zhang. Their research was produced with support from the U.S. Department of Defense and the National Institutes of Health.
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Scientists reveal pill that helps shed 20% of body weight | ScienceDaily
New research presented at the Annual Meeting of the European Association for the Study of Diabetes in Vienna, Austria (Sept 15-19) and simultaneously published in NEJM shows that daily treatment with the new once-daily GLP-1 agonist orforglipron results in substantial weight loss in people living with obesity that do not have type 2 diabetes. The study is by Dr Sean Wharton, McMaster University, Hamilton, ON, Canada and Wharton Weight Management Clinic, Burlington, ON, Canada, and colleagues. The study is sponsored by Eli Lilly, the manufacturer of orforglipron. 


						
Orforglipron is a small-molecule, oral glucagon-like peptide-1 (GLP-1) receptor agonist. In this phase 3, multinational, randomised, double-blind trial, the authors examined the safety and efficacy of once-daily orforglipron at doses of 6 mg, 12 mg, or 36 mg, as compared with placebo (assigned in a 3:3:3:4 ratio) as an adjunct to healthy diet and physical activity for 72 weeks. All the patients had obesity but not diabetes. The primary end point was the percent change in body weight from baseline to week 72.

A total of 3127 patients in 9 countries / jurisdictions (USA, China, Brazil, India, Japan, South Korea, Spain, Slovakia and Taiwan) underwent randomisation. The mean relative change in body weight from baseline to week 72 was [?]7.5% with 6 mg of orforglipron, [?]8.4% with 12 mg of orforglipron, and [?]11.2% with 36 mg of orforglipron, as compared with [?]2.1% with placebo.

Among the patients in the orforglipron 36 mg group, 54.6% had reduction of 10% or more of body weight, 36.0% had a reduction of 15% or more, and 18.4% had a reduction of 20% or more, as compared with 12.9%, 5.9%, and 2.8% of the patients, respectively, in the placebo group.

Other outcomes such as waist circumference, systolic blood pressure, triglyceride levels, and non-HDL cholesterol levels significantly improved with orforglipron treatment (see table 3 full paper). Adverse events (see table 4) resulted in treatment discontinuation in 5.3% to 10.3% of the patients in the orforglipron groups and in 2.7% of those in the placebo group. The most common adverse events with orforglipron were gastrointestinal effects, which were mostly mild to moderate, consistent with the GLP-1 class of medications.

The authors note that the use of medications such as GLP-1 receptor agonists (such as semaglutide) are reported to result in mean weight reductions of approximately 15% to above 20% and have shown additional health benefits, including decreased cardiovascular risk. However, most available GLP-1 based medications are administered as a subcutaneous injection, which may limit treatment initiation and adherence.

The authors say: "After 72 weeks of treatment, all the patients in the three orforglipron groups had a significant and clinically meaningful dose-dependent reduction in body weight. The patients who received the highest dose of orforglipron had an average 11.2% weight reduction; more than one third had a reduction of at least 15%, and nearly one fifth had a reduction of at least 20%. All measured cardiometabolic levels improved with orforglipron treatment as compared with placebo... A weight reduction of 10% or more is a recognised therapeutic threshold, one that has been linked to meaningful cardiometabolic benefits. In our current trial, patients who received orforglipron had a mean weight reduction of as much as 11.2%, and such reductions were associated with improvements in levels of systolic and diastolic blood pressure, as well as blood fats, blood sugar profiles, and high-sensitivity C-reactive protein - a marker of systemic inflammation."

The authors note the trial's limitations include the lack of comparison with currently approved obesity-management medications, the use of cutoffs for BMI inclusion criteria that have been developed in White populations and that exclude patients with lower BMI values who may also have adiposity-related risks, and the increasing availability of obesity-management medications, which could have an effect on treatment adherence and efficacy results. The strengths of the trial include a highly diverse, large population from nine countries and jurisdictions on four continents - including more than 35% enrolment of men.




They conclude: "In patients with obesity, the use of orforglipron resulted in statistically and clinically significant weight reductions and an adverse-event profile that was consistent with findings regarding other GLP-1 receptor agonists."

Dr Wharton adds: "This could mean an expansion of obesity interventions to groups who are currently excluded due to the cost of and lack of access to injectable medications."

Orforglipron is not yet approved by the US Food and Drug Administration (FDA) or other similar agencies worldwide. 
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AI-powered smart bandage heals wounds 25% faster | ScienceDaily
As a wound heals, it goes through several stages: clotting to stop bleeding, immune system response, scabbing, and scarring.


						
A wearable device called "a-Heal," designed by engineers at the University of California, Santa Cruz, aims to optimize each stage of the process. The system uses a tiny camera and AI to detect the stage of healing and deliver a treatment in the form of medication or an electric field. The system responds to the unique healing process of the patient, offering personalized treatment.

The portable, wireless device could make wound therapy more accessible to patients in remote areas or with limited mobility. Initial preclinical results, published in the journal npj Biomedical Innovations, show the device successfully speeds up the healing process.

Designing a-Heal 

A team of UC Santa Cruz and UC Davis researchers, sponsored by the DARPA-BETR program and led by UC Santa Cruz Baskin Engineering Endowed Chair and Professor of Electrical and Computer Engineering (ECE) Marco Rolandi, designed a device that combines a camera, bioelectronics, and AI for faster wound healing. The integration in one device makes it a "closed-loop system" -- one of the firsts of its kind for wound healing as far as the researchers are aware.

"Our system takes all the cues from the body, and with external interventions, it optimizes the healing progress," Rolandi said.

The device uses an onboard camera, developed by fellow Associate Professor of ECE Mircea Teodorescu and described in a Communications Biology study, to take photos of the wound every two hours. The photos are fed into a machine learning (ML) model, developed by Associate Professor of Applied Mathematics Marcella Gomez, which the researchers call the "AI physician" running on a nearby computer.




"It's essentially a microscope in a bandage," Teodorescu said. "Individual images say little, but over time, continuous imaging lets AI spot trends, wound healing stages, flag issues, and suggest treatments."

The AI physician uses the image to diagnose the wound stage and compares that to where the wound should be along a timeline of optimal wound healing. If the image reveals a lag, the ML model applies a treatment: either medicine, delivered via bioelectronics; or an electric field, which can enhance cell migration toward wound closure.

The treatment topically delivered through the device is fluoxetine, a selective serotonin reuptake inhibitor which controls serotonin levels in the wound and improves healing by decreasing inflammation and increasing wound tissue closure. The dose, determined by preclinical studies by the Isseroff group at UC Davis group to optimize healing, is administered by bioelectronic actuators on the device, developed by Rolandi. An electric field, optimized to improve healing and developed by prior work of the UC Davis' Min Zhao and Roslyn Rivkah Isseroff, is also delivered through the device.

The AI physician determines the optimal dosage of medication to deliver and the magnitude of the applied electric field. After the therapy has been applied for a certain period of time, the camera takes another image, and the process starts again.

While in use, the device transmits images and data such as healing rate to a secure web interface, so a human physician can intervene manually and fine-tune treatment as needed. The device attaches directly to a commercially available bandage for convenient and secure use.

To assess the potential for clinical use, the UC Davis team tested the device in preclinical wound models. In these studies, wounds treated with a-Heal followed a healing trajectory about 25% faster than standard of care. These findings highlight the promise of the technology not only for accelerating closure of acute wounds, but also for jump-starting stalled healing in chronic wounds.




AI reinforcement

The AI model used for this system, which was led by Assistant Professor of Applied Mathematics Marcella Gomez, uses a reinforcement learning approach, described in a study in the journal Bioengineering, to mimic the diagnostic approach used by physicians.

Reinforcement learning is a technique in which a model is designed to fulfill a specific end goal, learning through trial and error how to best achieve that goal. In this context, the model is given a goal of minimizing time to wound closure, and is rewarded for making progress toward that goal. It continually learns from the patient and adapts its treatment approach.

The reinforcement learning model is guided by an algorithm that Gomez and her students created called Deep Mapper, described in a preprint study, which processes wound images to quantify the stage of healing in comparison to normal progression, mapping it along the trajectory of healing. As time passes with the device on a wound, it learns a linear dynamic model of the past healing and uses that to forecast how the healing will continue to progress.

"It's not enough to just have the image, you need to process that and put it into context. Then, you can apply the feedback control," Gomez said.

This technique makes it possible for the algorithm to learn in real-time the impact of the drug or electric field on healing, and guides the reinforcement learning model's iterative decision making on how to adjust the drug concentration or electric-field strength.

Now, the research team is exploring the potential for this device to improve healing of chronic and infected wounds.

Additional publications related to this work can be found linked here.

This research was supported by the Defense Advanced Research Projects Agency and the Advanced Research Projects Agency for Health.
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A tiny mineral may hold the secret to feeding billions sustainably | ScienceDaily
The cultivation of rice -- the staple grain for more than 3.5 billion people around the world -- comes with extremely high environmental, climate and economic costs. But this may be about to change, thanks to new research led by scientists at the University of Massachusetts Amherst and China's Jiangnan University. They have shown that nanoscale applications of the element selenium can decrease the amount of fertilizer necessary for rice cultivation while sustaining yields, boosting nutrition, enhancing the soil's microbial diversity and cutting greenhouse gas emissions. What's more, in a new paper published in the Proceedings of the National Academy of Sciences, they demonstrate for the first time that such nanoscale applications work in real-world conditions.


						
"The Green Revolution massively boosted agriculture output during the middle of the last century," says Baoshan Xing, University Distinguished Professor of Environmental and Soil Chemistry, director of UMass' Stockbridge School of Agriculture, and co-senior author of the new research. "But that revolution is running out of steam. We need to figure out a way to fix it and make it work."

Part of what made the Green Revolution so revolutionary was the invention of synthetic, nitrogen-heavy fertilizers that could keep agricultural yields high. But they're expensive to make, they create an enormous amount of carbon dioxide, and much of the fertilizer washes away.

Most crops only use about 40-60% of the nitrogen applied to them, a measurement known as nitrogen use efficiency, or NUE, and the NUE of rice can be as low as 30% -- which means that 70% of what a farmer puts on their fields washes away into streams, lakes and the oceans, causing eutrophication, dead zones and a host of other environmental problems. It also means that 70% of the cost of the fertilizer is likewise wasted.

Furthermore, when nitrogen is applied to soils, it interacts with the soil's incredibly complex chemistry and microbes, and ultimately leads to vastly increased amounts of methane, ammonia and nitrous oxide -- all of which contribute to global warming. Furthermore, synthesizing fertilizer itself is a greenhouse-gas-heavy enterprise.

"Everybody knows that we need to improve NUE," says Xing -- the question is how?

What Xing and his co-authors, including lead author Chuanxi Wang and another senior author, Zhenyu Wang, professors of environmental processes and pollution control at Jiangnan University discovered, is that nanoscale selenium, an element crucial for plant and human health, when applied to the foliage and stems of the rice, reduced the negative environmental impacts of nitrogen fertilization by 41% and increased the economic benefits by 38.2% per ton of rice, relative to conventional practices.




"We used an aerial drone to lightly spray rice growing in a paddy with the suspension of nanoscale selenium," says Wang. "That direct contact means that the rice plant is far more efficient at absorbing the selenium than it would be if we applied it to the soil."

Selenium stimulates the plant's photosynthesis, which increased by more than 40%. Increased photosynthesis means the plant absorbs more CO2, which it then turns into carbohydrates. Those carbohydrates flow down into the plant's roots, which causes them to grow. Bigger, healthier roots release a host of organic compounds that cultivate beneficial microbes in the soil, and it's these microbes that then work symbiotically with the rice roots to pull more nitrogen and ammonium out of the soil and into the plant, increasing its NUE from 30 to 48.3%, decreasing the amount of nitrous oxide and ammonia release to the atmosphere by 18.8-45.6%.

With more nutrients coming in, the rice itself produces a higher yield, with a more nutritious grain: levels of protein, certain critical amino acids, and selenium also jumped.

On top of all of this, Xing, Wang and their colleagues found that their nano-selenium applications allowed farmers to reduce their nitrogen applications by 30%. Since rice cultivation accounts for 15-20% of the global nitrogen use, this new technique holds real promise for helping to meet the triple threat of growing population, climate change, and the rising economic and environmental costs of agriculture.
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Mushrooms evolved psychedelics twice, baffling scientists | ScienceDaily
"This concerns the biosynthesis of a molecule that has a very long history with humans," explains Prof. Dirk Hoffmeister, head of the research group Pharmaceutical Microbiology at Friedrich Schiller University Jena and the Leibniz Institute for Natural Product Research and Infection Biology (Leibniz-HKI). "We are referring to psilocybin, a substance found in so-called 'magic mushrooms', which our body converts into psilocin - a compound that can profoundly alter consciousness. However, psilocybin not only triggers psychedelic experiences, but is also considered a promising active compound in the treatment of therapy-resistant depression," says Hoffmeister.


						
Two paths, one molecule

The study, which was conducted within the Cluster of Excellence 'Balance of the Microverse', shows for the first time that fungi have developed the ability to produce psilocybin at least twice independently of each other. While Psilocybe species use a known enzyme toolkit for this purpose, fiber cap mushrooms employ a completely different biochemical arsenal - and yet arrive at the same molecule. This finding is considered an example of convergent evolution: different species have independently developed a similar trait, but the 'magic mushrooms' have gone their own way in doing so.

Searching for clues in fungal genomes

Tim Schafer, lead author of the study and doctoral researcher in Hoffmeister's team, explains: "It was like looking at two different workshops, but both ultimately delivering the same product. In the fiber caps, we found a unique set of enzymes that have nothing to do with those found in Psilocybe mushrooms. Nevertheless, they all catalyze the steps necessary to form psilocybin."

The researchers analyzed the enzymes in the laboratory. Protein models created by Innsbruck chemist Bernhard Rupp confirmed that the sequence of reactions differs significantly from that known in Psilocybe. "Here, nature has actually invented the same active compound twice," says Schafer.

However, why two such different groups of fungi produce the same active compound remains unclear. "The real answer is: we don't know," emphasizes Hoffmeister. "Nature does nothing without reason. So there must be an advantage to both fiber cap mushrooms in the forest and Psilocybe species on manure or wood mulch producing this molecule - we just don't know what it is yet."

"One possible reason could be that psilocybin is intended to deter predators. Even the smallest injuries cause Psilocybe mushrooms to turn blue through a chemical chain reaction, revealing the breakdown products of psilocybin. Perhaps the molecule is a type of chemical defense mechanism," says Hoffmeister.




More tools for biotechnology

Although it is still unclear why different fungi ultimately produce the same molecule, the discovery nevertheless has practical implications: "Now that we know about additional enzymes, we have more tools in our toolbox for the biotechnological production of psilocybin," explains Hoffmeister.

Schafer is also looking ahead: "We hope that our results will contribute to the future production of psilocybin for pharmaceuticals in bioreactors without the need for complex chemical syntheses." At the Leibniz-HKI in Jena, Hoffmeister's team is working closely with the Bio Pilot Plant, which is developing processes for producing natural products such as psilocybin on an industry-like scale.

At the same time, the study provides exciting insights into the diversity of chemical strategies used by fungi and their interactions with their environment. It thus addresses central questions of the Collaborative Research Center ChemBioSys and the Cluster of Excellence [?]'Balance of the Microverse' at Friedrich Schiller University Jena, within the framework of which the work was carried out and funded by the German Research Foundation (DFG), among others. While the CRC ChemBioSys investigates how natural compounds shape biological communities, the Cluster of Excellence focuses on the complex dynamics of microorganisms and their environment.
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Tylenol in pregnancy linked to higher autism risk, Harvard scientists report | ScienceDaily
When children are exposed to acetaminophen -- also known by the brand name Tylenol or as paracetamol -- during pregnancy, they may be more likely to develop neurodevelopmental disorders (NDDs) including autism and ADHD, according to a new study.


						
The study was published recently in BMC Environmental Health. Andrea Baccarelli, dean of the faculty at Harvard T.H. Chan School of Public Health and professor of environmental health, was senior author. The study was led by the Icahn School of Medicine at Mount Sinai and also included co-authors from other institutions.

The researchers analyzed results from 46 previous studies worldwide that investigated the potential link between prenatal acetaminophen use and subsequent NDDs in children. The researchers used the Navigation Guide Systematic Review methodology -- a gold-standard framework for synthesizing and evaluating environmental health data -- which enabled them to conduct a rigorous, comprehensive analysis that supported evidence of an association between acetaminophen exposure during pregnancy and increased incidence of NDDs.

The researchers noted that while steps should be taken to limit acetaminophen use, the drug is important for treating pain and fever during pregnancy, which can also harm the developing fetus. High fever can raise the risk of neural tube defects and preterm birth. "We recommend judicious acetaminophen use -- lowest effective dose, shortest duration -- under medical guidance, tailored to individual risk-benefit assessments, rather than a broad limitation," they wrote.

In late September, the Food and Drug Administration announced it would issue a letter to clinicians urging them to be cautious about the use of acetaminophen in pregnancy. Baccarelli said he had discussed his study with Health and Human Services Secretary Robert F. Kennedy Jr. in the weeks leading up to that announcement and provided the White House team with an statement noting his research found "evidence of an association" between prenatal exposure to acetaminophen and neurodevelopmental disorders. "That association is strongest when acetaminophen is taken for four weeks or longer," Baccarelli said.

The statement continued: "Further research is needed to confirm the association and determine causality, but based on existing evidence, I believe that caution about acetaminophen use during pregnancy -- especially heavy or prolonged use -- is warranted."

Baccarelli noted in the "competing interests" section of the research paper that he has served as an expert witness for plaintiffs in a case involving potential links between acetaminophen use during pregnancy and neurodevelopmental disorders.

The study was conducted in collaboration with the University of California, Los Angeles; University of Massachusetts Lowell; and Harvard T.H. Chan School of Public Health.

Funding for this study was provided by the National Cancer Institute (U54CA267776), the National Institute of Environmental Health Sciences (R35ES031688), and the National Institute on Aging (U01AG088684).
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Dogs can tell how toys work without any training | ScienceDaily
As infants, humans naturally learn new words and their associations -- like the fact that forks are related to bowls because both are used to consume food. In a study published in the Cell Press journal Current Biology on September 18, a team of animal behavior experts demonstrate that dogs can categorize objects by function, too. In a series of playful interactions with their owners, a group of Gifted Word Learner (GWL) dogs were able to distinguish between toys used for tugging versus fetching, even when the toys in question didn't share any obvious physical similarities -- and then could remember those categorizations for long periods of time, all with no prior training.


						
"We discovered that these Gifted Word Learner dogs can extend labels to items that have the same function or that are used in the same way," says author Claudia Fugazza of Eotvos Lorand University, Budapest, Hungary. It's like a person calling both a traditional hammer and a rock by the same name, says Fugazza.

"The rock and the hammer look physically different, but they can be used for the same function," she says. "So now it turns out that these dogs can do the same."

The studies took place in the dogs' natural home environments with their human owners. At the beginning, the dogs spent time getting familiar with verbal labels for two functional groups of objects: pull and fetch. Their owners used these words with specific toys and played with them accordingly even though the toys didn't share any similar physical features.

Next, the dogs were tested to see if they had learned to connect the functional labels to the correct group of toys before playing with more novel toys in the two distinct categories. However, this time, their owners didn't use the "pull" and "fetch" labels for the dogs.

The team found that the dogs were able to extend the functional labels they'd learned previously to the new toys based on their experience playing with them. In the final test, the dogs showed that they could successfully apply the verbal labels to the toys by either pulling or fetching accordingly, even when their owners hadn't named them.

"For these new toys, they've never heard the name, but they have played either pull or fetch, and so the dog has to choose which toy was used to play which game," Fugazza says. "This was done in a natural setup, with no extensive training. It's just owners playing for a week with the toys. So, it's a natural type of interaction."

The authors note that the dogs' ability to connect verbal labels to objects based on their functional classifications and apart from the toys' physical attributes suggests that they form a mental representation of the objects based on their experience with their functions, which they can later recall. These findings provide insight into the evolution of basic skills related to language and their relationship to other cognitive abilities, including memory, the researchers say.




More research is needed to understand the scope and flexibility of dogs' language categorization abilities. The researchers suggest future studies to explore whether dogs that don't learn object labels may nevertheless have an ability to classify objects based on their functions.

"We have shown that dogs learn object labels really fast, and they remember them for a long period, even without rehearsing," Fugazza says. "And I think the way they extend labels also beyond perceptual similarities gives an idea of the breadth of what these labels could be for dogs."

This work was supported by National Brain Research Program NAP 3.0 of the Hungarian Academy of Sciences, MTA-ELTE Comparative Ethology Research Group, and TRIXIE.
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AI breakthrough finds life-saving insights in everyday bloodwork | ScienceDaily
Routine blood samples, such as those taken daily at any hospital and tracked over time, could help predict the severity of an injury and even provide insights into mortality after spinal cord damage, according to a recent University of Waterloo study.


						
The research team utilized advanced analytics and machine learning, a type of artificial intelligence, to assess whether routine blood tests could serve as early warning signs for spinal cord injury patient outcomes.

More than 20 million people worldwide were affected by spinal cord injury in 2019, with 930,000 new cases each year, according to the World Health Organization. Traumatic spinal cord injury often requires intensive care and is characterized by variable clinical presentations and recovery trajectories, complicating diagnosis and prognosis, especially in emergency departments and intensive care units.

"Routine blood tests could offer doctors important and affordable information to help predict risk of death, the presence of an injury and how severe it might be," said Dr. Abel Torres Espin, a professor in Waterloo's School of Public Health Sciences.

The researchers sampled hospital data from more than 2,600 patients in the U.S. They used machine learning to analyze millions of data points and discover hidden patterns in common blood measurements, such as electrolytes and immune cells, taken during the first three weeks after a spinal cord injury.

They found that these patterns could help forecast recovery and injury severity, even without early neurological exams, which are not always reliable as they depend on a patient's responsiveness.

"While a single biomarker measured at a single time point can have predictive power, the broader story lies in multiple biomarkers and the changes they show over time," said Dr. Marzieh Mussavi Rizi, a postdoctoral scholar in Torres Espin's lab at Waterloo.




The models, which do not rely on early neurological assessment, were accurate in predicting mortality and the severity of injury as early as one to three days after admission to the hospital, compared to standard non-specific severity measures that are often performed during the first day of arrival to intensive care.

The research also found that accuracy increased over time as more blood tests became available. Although other measures, such as MRI and fluid omics-based biomarkers, can also provide objective data, they are not always readily accessible across medical settings. Routine blood tests, on the other hand, are economical, easy to obtain, and available in every hospital.

"Prediction of injury severity in the first days is clinically relevant for decision-making, yet it is a challenging task through neurological assessment alone," Torres Espin said. "We show the potential to predict whether an injury is motor complete or incomplete with routine blood data early after injury, and an increase in prediction performance as time progresses.

"This foundational work can open new possibilities in clinical practice, allowing for better-informed decisions about treatment priorities and resource allocation in critical care settings for many physical injuries."

The study, Modeling trajectories of routine blood tests as dynamic biomarkers for outcome in spinal cord injury, was published in Nature's NPJ Digital Medicine Magazine.
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How dehydration secretly fuels anxiety and health problems | ScienceDaily
Drinking too little water could increase our vulnerability to stress-related health issues, according to a new study from scientists at LJMU.


						
People who drink less than the recommended daily fluid intake experience a greater stress hormone response, which is associated with an increased risk of heart disease, diabetes and depression.

A new study, published recently in the Journal of Applied Physiology, found that individuals who drank less than 1.5 liters of fluid - or seven cups of tea - per day had a cortisol response to stress that was over 50% higher than those who met daily water intake recommendations.

Study lead Professor Neil Walsh, a physiologist in LJMU's School of Sport and Exercise Sciences, said: "Cortisol is the body's primary stress hormone and exaggerated cortisol reactivity to stress is associated with an increased risk of heart disease, diabetes and depression."

"If you know you have a looming deadline or a speech to make, keeping a water bottle close could be a good habit with potential benefits for your long-term health."

Poor long-term health 

With the project funded by Danone R&I, Neil and his team divided healthy young adults into two equally sized groups, representing the lowest and highest 25% for daily fluid intake. The 'low fluid' group consisted of individuals who typically drank less than 1.5 liters of fluid per day (water, hot drinks etc.). The 'high fluid' group included individuals who regularly met the daily water intake recommendations - 2 liters for women and 2.5 liters for men. Both groups were matched for key factors known to influence stress responses such as psychological characteristics and sleep.




Participants maintained their usual drinking habits for one week, during which hydration levels were monitored in blood and urine samples. Then participants underwent the Trier Social Stress Test, widely used to simulate real-world stress through a mock job interview and a mental arithmetic task.

Dr Daniel Kashi, a member of the study team, said: "Both groups felt equally anxious and experienced similar increases in heart rate during the stress test. However, only the 'low fluid' group showed a significant increase in saliva cortisol in response to the stress test."

He added: "Although the low fluid group did not report being thirstier than the high fluid group, they had darker and more concentrated urine, clear signs of poor hydration. An important observation was that poor hydration was associated with greater cortisol reactivity to the stress test. Exaggerated cortisol reactivity to stress has been associated with poor long-term health."
"If you have a stressful schedule, keeping a bottle of water close could be a good habit."

Dr Daniel Kashi, physiologist, LJMU

Why is dehydration harmful? 

The answer lies in the body's water-regulation system, which is closely connected to the brain's stress-response center. When the body senses dehydration, whether due to inadequate fluid intake or excessive fluid loss, it triggers the release of a hormone called vasopressin. Vasopressin acts primarily on the kidneys, promoting water reabsorption to maintain blood volume and electrolyte balance. This conservation mechanism comes at a cost. Sustained vasopressin release places additional strain on the kidneys, which must work harder to concentrate urine and manage electrolyte balance.




Vasopressin also acts on the brain's stress-response center, the hypothalamus, where it can influence the release of cortisol. This dual role for vasopressin helps maintain blood volume and electrolyte balance but also increases cortisol.

The researchers say that while further long-term studies are needed, the findings reinforce current water intake recommendations - approximately 2 liters of fluid each day for women and 2.5 liters for men.

Hydration helps us manage stress 

"Being hydrated may help your body manage stress more effectively," added Dr Kashi. A practical way to check your hydration status is to monitor your urine colour -- light yellow typically indicates good hydration.

"If you know, for example, that you have a stressful schedule, maybe a looming deadline or a speech to make, keeping a water bottle close could be a good habit with potential benefits for your long-term health."
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Can meditation apps really reduce stress, anxiety, and insomnia? | ScienceDaily
Do you have a meditation app on your smartphone, computer or wearable device? Well, you're not alone.


						
There are now thousands of meditation apps available worldwide, the top 10 of which have been collectively downloaded more than 300 million times. What's more, early work on these digital meditation platforms shows that even relatively brief usage can lead to benefits, from reduced depression, anxiety, and stress to improved insomnia symptoms.

"Meditation apps, such as Calm and Headspace, have been enormously popular in the commercial market," said J. David Creswell, a health psychologist at Carnegie Mellon University and lead author of a review paper on meditation apps, published today in the journal American Psychologist. "What they're doing now is not only engaging millions of users every day, but they're also creating new scientific opportunities and challenges."

One huge boon provided by meditation apps for users is access.

"You can imagine a farmer in rural Nebraska not having many available opportunities to go to traditional group-based meditation programs, and now they have an app in their pocket which is available 24/7," said Creswell, who is the William S. Dietrich II Professor in Psychology and Neuroscience.

Meditation apps also provide scientists with opportunities to scale up their research.

"Historically, I might bring 300 irritable bowel syndrome patients into my lab and study the impacts of meditation on pain management," said Creswell. "But now I'm thinking, how do we harness the capacity of meditation apps and wearable health sensors to study 30,000 irritable bowel syndrome patients across the world?"

Combined with products that measure heart rate and sleep patterns, such as Fitbit and the Apple Watch, meditation apps now also have the capacity to incorporate biometrics into meditation practices like never before.




The biggest takeaway, though, is that meditation apps are fundamentally changing the way these practices are distributed to the general public. Scientific studies of use patterns show that meditation apps account for 96 percent of overall users in the mental health app marketplace.

"Meditation apps dominate the mental health app market," said Creswell. "And this paper is really the first to lay out the new normal and challenge researchers and tech developers to think in new ways about the disruptive nature of these apps and their reach."

Meditation apps challenge users to train their minds, in small initial training doses

As with in-person meditation training, meditation apps start by meeting users where they are. Introductory courses may focus on breathing or mindfulness, but they tend to do so in small doses, the merits of which are still being debated.

According to the data, just 10 to 21 minutes of meditation app exercises done three times a week is enough to see measurable results.

"Of course, that looks really different from the daily meditation practice you might get within an in-person group-based meditation program, which might be 30 to 45 minutes a day," said Creswell.




The a la carte nature of meditation through a smartphone app may appeal to those pressed for time or without the budget for in-person coaching sessions. Users may also find it comforting to know that they have access to guided meditation on-demand, rather than at scheduled places, days, and times.

"Maybe you're waiting in line at Starbucks, and you've got three minutes to do a brief check-in mindfulness training practice," said Creswell.

Finally, as meditation apps continue to evolve, Creswell believes integration of AI, such as meditation-guiding chat-bots, will only become more common, and this will offer the option of even more personalization. This could mark an important development for meditation adoption at large, as offerings go from one-size-fits all group classes to training sessions tailored to the individual.

"People use meditation for different things, and there's a big difference between someone looking to optimize their free-throw shooting performance and someone trying to alleviate chronic pain," said Creswell, who has trained Olympic athletes in the past.

The elephant in the room

Of course, with new technology comes new challenges, and for meditation apps, continued engagement remains a huge problem.

"The engagement problem is not specific to meditation apps," said Creswell. "But the numbers are really sobering. Ninety-five percent of participants who download a meditation app aren't using it after 30 days."

If the meditation app industry is going to succeed, it will need to find ways to keep its users engaged, as apps like Duolingo have. But overall, Creswell said the market demand is clearly there.

"People are suffering right now. There are just unbelievably high levels of stress and loneliness in the world, and these tools have tremendous potential to help," he said.

"I don't think there is ever going to be a complete replacement for a good, in-person meditation group or teacher," said Creswell. "But I think meditation apps are a great first step for anyone who wants to dip their toes in and start training up their mindfulness skills. The initial studies show that these meditation apps help with symptom relief and even reduce stress biomarkers."
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Dementia-like clumps found in cells before cancer strikes | ScienceDaily
Cancer Research UK-funded scientists have uncovered dementia-like behavior in pancreas cells at risk of turning into cancer. The findings provide clues that could help in the treatment and prevention of pancreatic cancer, a difficult-to-treat disease linked to 6,900 deaths in the UK every year.*


						
The research was published on August 15 in the journal Developmental Cell, and was funded by Cancer Research UK, with additional support from Wellcome, theMedical Research Council, and the Biotechnology and Biological Sciences Research Council.

Researchers from the Cancer Research UK Scotland Centre studied pancreas cells in mice over time, to see what was causing healthy cells to turn into cancer cells. They discovered that pancreatic cells at risk of becoming cancerous, known as pre-cancers, develop faults in the cell's recycling process (known as "autophagy").

In pre-cancer cells, the researchers noticed excess "problem protein" molecules forming clumps - behavior seen in neurological diseases such as dementia. The researchers also noticed similar clumping occurring in human pancreas samples, suggesting this happens during pancreatic cancer development.

Cancer Research UK Senior Fellow at the Institute of Genetics and Cancer at the University of Edinburgh, Professor Simon Wilkinson, said: "Our research shows the potential role autophagy disruption plays in the beginnings of pancreatic cancer. While early stage, we can potentially learn from research into other diseases where we see protein clumping, such as dementia, to better understand this aggressive type of cancer and how to prevent it."

Although survival for many types of cancer has improved over recent decades, this has not been the case for pancreatic cancer. This is partly because it is often diagnosed at a late stage, where treatment options are limited.** To address this, the researchers wanted to learn more about what may be causing pancreas cells to turn into cancer.

Multiple cancer types, including pancreatic cancer, are linked to a faulty mutation in a gene called KRAS, but scientists are increasingly learning that genetic changes are not the whole story.




One of the ways cells keep people healthy is by breaking down excess molecules they no longer need, through a recycling process called "autophagy." Autophagy is particularly important in the pancreas to control the level of digestive proteins and hormones the pancreas produces to help break down food.

Scientists have studied autophagy in detail over many years and are learning the key role it plays in diseases such as cancer. In some cases, cancer cells can become "addicted" to autophagy, hijacking the recycling process to help cancer cells divide and grow more quickly***.

This research, on the other hand, suggests the combined effect of the faulty KRAS gene and disrupted autophagy could be driving the development of pancreatic cancer. The researchers plan to study these processes in more detail, to see if they can help predict or possibly reverse the start of pancreatic cancer, and if factors like age, sex, or diet play a role.

Executive Director of Research and Innovation at Cancer Research UK, Dr Iain Foulkes, said:

"Around 10,500 people are diagnosed with pancreatic cancer in the UK each year and, sadly, too many of those cases are found at a stage where treatment options are limited. While further work is needed, these findings could provide vital clues into how we can better understand how pancreatic cancer develops."

Research into pancreatic cancer is one of Cancer Research UK's top priorities. We fund research into the causes of pancreatic cancer, tests to diagnose the disease, and clinical trials designed to look at improving treatment, reducing side effects, and controlling symptoms**.




The paper, titled "ER-phagy and proteostasis defects prime pancreatic epithelial state changes in KRAS-mediated oncogenesis" was published on August 15 in Developmental Cell.

Notes 

*Pancreatic cancer statistics. Cancer Research UK. https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/pancreatic-cancer. Accessed July 2025.

**Research into pancreatic cancer. Cancer Research UK. https://www.cancerresearchuk.org/about-cancer/pancreatic-cancer/research-clinical-trials/pancreatic-cancer. Accessed July 2025.

***Pimentel et al. Autophagy and cancer therapy. Cancer Letter. 2024. doi: 10.1016/j.canlet.2024.217285.
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Hidden brain signal reveals Alzheimer's years before symptoms | ScienceDaily
TSPO, a key biomarker of brain inflammation, could help detect Alzheimer's disease years before memory loss and other symptoms set in - potentially leading to advances in how the disease is diagnosed and treated, according to a study published in Acta Neuropathologica.


						
"This is the first study to really examine how early this biomarker increases and where it begins rising in the brain," said Tomas R. Guilarte, lead researcher and dean of FIU's Robert Stempel College of Public Health & Social Work. "If we can use this information to help delay Alzheimer's progression by even five years, it can drastically improve patients' lives and reduce disease prevalence."

Guilarte, an internationally established expert on TSPO (or translocator protein 18 kDa) has studied the protein for more than three decades. His work helped establish it as a reliable imaging biomarker used in diagnosing neuroinflammation in various neurodegenerative, neurological and psychiatric disorders.

For this study, Guilarte and his team used advanced imaging software to track TSPO levels in genetically engineered mouse models of familial Alzheimer's and confirmed their findings using human brain tissue donated by members of the world's largest group of individuals with early-onset familial Alzheimer's, located in Antioquia, Colombia.

These families carry the "paisa" mutation, identified by the late Dr. Francisco Lopera, one of the authors of the study, who remained dedicated to finding ways to prevent Alzheimer's disease. For carriers of this mutation, symptoms typically begin in their 30s to 40s; they die in their 50s.

In the mouse model, researchers detected elevated TSPO levels in the subiculum - a critical part of the hippocampus - as early as six weeks of age, roughly equivalent to age 18-20 in humans. Microglia, the brain's main immune cells, specifically those clustered around amyloid plaques, had the highest levels of TSPO. Notably, female mice had higher TSPO levels, mirroring real-world statistics: two-thirds of Alzheimer's patients are women.

The brain tissue samples from the Colombian patients with the paisa mutation showed the same pattern. Even in late-stage Alzheimer's, TSPO remained high in microglia near plaques. These results raise new questions about TSPO's function - whether it contributes to damage or protects the brain - and whether blocking or enhancing it could halt disease progression.

The team is now working with a specially developed Alzheimer's mouse model lacking TSPO to explore these questions further. They're also expanding the study to include sporadic, late-onset Alzheimer's cases, the form that accounts for over 90% of all diagnoses.

"The more we understand these processes," said Daniel Martinez Perez, first author and Ph.D. candidate in Guilarte's lab, "the closer we get to tailoring treatments that can truly help - before it's too late."
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Childhood plastic exposure could be fueling obesity, infertility, and asthma | ScienceDaily
Childhood exposure to chemicals used to make plastic household items presents growing health risks that can extend long into adulthood, experts from NYU Langone Health report.


						
This is the main conclusion after a review of hundreds of the latest studies on the topic, publishing online Sept. 21 in the journal The Lancet Child & Adolescent Health.

The article is being released to coincide with a gathering of experts the same week in New York City to discuss the global impact of plastics on human health.

In their report, the authors outline decades of evidence that substances often added to industrial and household goods may contribute to disease and disability, particularly when they are encountered early in life. The review focuses on three classes of chemical -- phthalates used to make plastic flexible, bisphenols, which provide rigidity, and perfluoroalkyl substances (PFAS), which help materials resist heat and repel water.

The results of the studies, which together assessed thousands of pregnant mothers, fetuses, and children, tied these toxins to a wide range of long-term health concerns, including heart disease, obesity, infertility, and asthma.

"Our findings point to plastic's role in the early origins of many chronic diseases that reverberate into adolescence and adulthood," said study lead author and pediatrician Leonardo Trasande, MD, MPP. "If we want kids to stay healthy and live longer, then we need to get serious about limiting the use of these materials," added Trasande, the Jim G. Hendrick, MD, Professor of Pediatrics at NYU Grossman School of Medicine.

The chemicals are found in a range of items, such as food packaging, cosmetics, and paper receipts, notes Trasande, who is also a professor in the Department of Population Health. Experts have found that as plastics are used, heated, or chemically treated, microplastic and nanoparticles are released and become ingested.




Chemicals used in plastic materials have been shown to prompt an overactive immune response (inflammation) throughout the body's tissues as well as disrupt the function of hormones that influence many bodily processes. The substances are also believed to affect brain development, with numerous studies linking early-life exposure to IQ loss and neurodevelopmental issues such as autism and attention deficit hyperactivity disorder.

The Lancet review also explored strategies to reduce the use of plastic and to help safeguard human health.

"There are safe, simple steps that parents can take to limit their children's plastic exposure without breaking the bank," said Trasande, who serves as director of NYU Grossman School of Medicine's Division of Environmental Pediatrics and NYU Langone Health's Center for the Investigation of Environmental Hazards.

Replacing plastic containers with glass or stainless steel, and avoiding microwaving and dishwashing plastic, have proved helpful, he says.

Trasande adds that by offering clear guidance, health care providers can empower parents to make informed decisions about the products they use and steer them toward safer options. He also suggests that clinicians partner with schools and community organizations to engage younger generations about the health risks of plastic exposure.

At the policy level, the researchers call for stricter regulatory measures to reduce the use of nonessential plastic items, particularly in low-income communities with profound heath disparities.




Their review comes on the heels of the most recent round of negations for the United Nations' Global Plastics Treaty, which took place in Geneva last month. The developing treaty represents an international effort to tackle plastic pollution, with more than 100 countries calling for legally binding caps on production.

According to Trasande, the findings in the article support the urgent need for a strong agreement to help protect not only the environment but human health as well.

He notes that while the economic value of the plastics industry is commonly raised as a barrier to enacting regulations, the resulting health care costs from exposure are enormous, with his research estimates reaching roughly $250 billion per year in the United States alone.

The Global Plastics Treaty will be part of the discussion during NYU Langone Health's 2025 Plastics, Human Health, and Solutions Symposium. At the event, experts will discuss the latest research on the health impact of microplastics, recent policy developments, and the critical role of regulations in addressing this public health crisis.

Despite its health risks, plastic can play an essential role in pediatric medicine, such as its use in ventilators and feeding tubes for premature infants, nebulizers for children with asthma, and masks that help prevent the spread of infection. The findings, the researchers say, do not challenge the need for the material in health care but instead highlight the dangers of its unnecessary use elsewhere.

The symposium will be held at NYU Langone Health on Sept. 22. The event will also be live streamed on YouTube for registered attendees.

Funding for the study was provided by National Institutes of Health grants R01ES022972, R01ES029779, R01ES032214, R01ES034793, and P2CES033423. Further funding was provided by several Argentinian foundations as well as the Science Fund of the Republic of Serbia.

Along with Trasande, Marina Olga Fernandez, PhD, at the National Council for Scientific and Technical Research in Buenos Aires, Argentina, serves as study senior author.

Another study co-investigator is Aleksandra Buha Dordevic, PhD, at the University of Belgrade in Serbia.
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Sneezing from cats or dust? Safe UV light may neutralize allergens in minutes | ScienceDaily
Cats. Dust mites. Mold. Trees.


						
For people with allergies, even a brief whiff of the airborne allergens these organisms produce can lead to swollen eyes, itchy skin and impaired breathing.

Such allergens can persist indoors for months after the original source is gone, and repeated exposure can exacerbate, and even lead to, asthma.

What if you could just flip a switch and disable them? You can, according to new University of Colorado Boulder research.

"We have found that we can use a passive, generally safe ultraviolet light treatment to quickly inactivate airborne allergens," said study author Tess Eidem, a senior research associate in the Department of Civil, Environmental and Architectural Engineering.

"We believe this could be another tool for helping people fight allergens in their home, schools or other places where allergens accumulate indoors."

The findings were published in August in the journal ACS ES&T Air.




Why you can't kill an allergen

Walk into a room with a cat and, if you sneeze, it's not actually the cat you are reacting to. It's likely airborne flecks of a protein called Fel d1 produced in their saliva. The protein spreads when they lick themselves and ends up in microscopic flakes of dead skin floating in the air, a.k.a. dander. When we inhale these particles, our immune system produces antibodies that bind to the protein's unique 3D structure, kicking off an allergic reaction.

Dogs, mice, dust mites, mold and plants all emit their own unique proteins, with their own unique structure. Unlike bacteria and viruses, these allergens can't be killed because they were never alive.

"After those dust mites are long gone, the allergen is still there," said Eidem. "That's why, if you shake out a rug, you can have a reaction years later."

Standard methods of reducing allergens -- like vacuuming, washing walls, using an air filter and regularly bathing pets -- can work OK but are hard to maintain long-term studies show.

Eidem and co-authors Mark Hernandez, a professor of Civil, Environmental and Architectural Engineering, and Kristin Rugh, a microbiologist in the lab, sought a simpler way.




Instead of eliminating the proteins that cause allergies, they sought to change their structure -- much like unfolding an origami animal -- so the immune system wouldn't recognize them.

"If your immune system is used to a swan and you unfold the protein so it no longer looks like a swan, you won't mount an allergic response," explained Eidem.

UV light, their study suggests, can do that.

Let there be light

Previous research has shown that UV light can kill airborne microorganisms, including the virus that causes COVID-19.

It's already used widely to disinfect equipment in hospitals, airports and elsewhere, but the bandwidth is typically so strong (a wavelength of 254 nanometers) that users must wear protective equipment to prevent damage to skin and eyes.

Eidem used 222-nanometer-wavelength lights, a less-intense alternative considered safe for occupied spaces because it doesn't penetrate deep into cells. (It does not come entirely without risks, including ozone production, she notes, so exposure should be limited.)

The team pumped microscopic aerosolized allergens from mites, pet dander, mold and pollen into an unoccupied and sealed 350-cubic-foot chamber. Then they switched on four lunchbox-sized UV222 lamps on the ceiling and floor.

When they sampled the air at 10-minute intervals and compared it to untreated, allergen-filled air via laboratory tests, they saw significant differences. In the treated samples, immunorecognition was reduced, meaning the antibodies no longer recognized many of the proteins and stuck to them.

After just 30 minutes, airborne allergen levels effectively decreased by about 20% to 25% on average, the study showed.

"Those are pretty rapid reductions when you compare them to months and months of cleaning, ripping up carpet, and bathing your cat," said Eidem.

A portable allergy buster?

UV222 lights are already commercially available, mostly for industrial antimicrobial uses.

But Eidem envisions a day when companies could engineer portable versions for people to switch on when they visit a friend with a pet or clean out a dusty basement.

UV222 systems could also potentially protect workers frequently exposed to allergens, such as those who work around live animals or in cannabis grow houses where, her own research shows, allergic reactions can be deadly.

One-in-three adults and children in the United States have allergies, according to the Centers for Disease Control. Eidem hopes her research, and more to come, can provide them with some relief -- or even save lives.

"Asthma attacks kill about 10 people every day in the United States, and they are often triggered by airborne allergies," she said. "Trying to develop new ways to prevent that exposure is really important."
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A hormone that silences the immune system may unlock new cancer treatments | ScienceDaily
Researchers at UT Southwestern Medical Center have discovered how a hormone interacts with a receptor on the surface of immune cells to shield cancer cells from the body's natural defenses. The findings, published in Nature Immunology, could lead to new immunotherapy approaches for treating cancer as well as potential treatments for inflammatory disorders and neurologic diseases.


						
"Myeloid cells are among the first group of immune cells recruited to tumors, but very quickly these tumor-fighting cells turn into tumor-supporting cells. Our study suggests that receptors on these myeloid cells get stimulated by this hormone and end up suppressing the immune system," said Cheng Cheng "Alec" Zhang, Ph.D., Professor of Physiology and a member of the Harold C. Simmons Comprehensive Cancer Center at UT Southwestern. Dr. Zhang co-led the study with first author Xing Yang, Ph.D., a postdoctoral researcher in the Zhang Lab.

Current immunotherapies, such as immune checkpoint inhibitors, are effective for only about 20%-30% of cancer patients, Dr. Zhang said, suggesting that there are multiple ways that cancers evade attack from the immune system.

Several years ago, researchers in the Zhang Lab studying cancer-fighting immune cells called myeloid cells identified an inhibitory receptor called LILRB4. Stimulating this receptor blocked the myeloid cells' ability to attack tumors.

Dr. Zhang, Dr. Yang, and their colleagues then did a genome-wide screen of all proteins that might interact with LILRB4. A promising hit was a hormone called SCG2. Although researchers have suggested that SCG2 plays a role in immune response, its function and receptor were unknown. Laboratory experiments confirmed that SCG2 binds to LILRB4, kicking off a signaling cascade that turned off the cancer-fighting abilities of myeloid cells and inhibited their ability to recruit cancer-fighting T cells to tumors.

In mice genetically altered to express the human form of LILRB4, injected cancer cells that produced SCG2 grew rapidly as tumors. Treating these mice with an antibody that blocks LILRB4 significantly slowed cancer growth, as did artificially ridding the animals' bodies of SCG2.

Together, these experiments suggest that interactions between LILRB4 and SCG2 allow cancer to grow unchecked by myeloid cells, T cells, and potentially other immune cell types. Dr. Zhang suggested that disrupting this interaction could someday offer a new immunotherapy option to treat cancer. Conversely, because this interaction neutralizes myeloid cells' immune activity, delivering extra SCG2 could be a promising treatment for autoimmune or inflammatory disorders spurred by myeloid cells. Dr. Zhang and his colleagues plan to investigate both ideas in future studies.




Other UTSW researchers who contributed to this study include Xuewu Zhang, Ph.D., Professor of Pharmacology and Biophysics; Cheryl Lewis, Ph.D., Associate Professor in the Simmons Cancer Center and of Pathology; Lin Xu, Ph.D., Assistant Professor in the Peter O'Donnell Jr. School of Public Health and of Pediatrics; Jingjing Xie, Ph.D., Instructor of Physiology; Qi Lou, Ph.D., Assistant Instructor of Physiology; Lei Guo, Ph.D., Computational Biologist; and Meng Fang, Ph.D., Chengcheng Zhang, Ph.D., Ankit Gupta, Ph.D., and Lianqi Chen, Ph.D., postdoctoral researchers.

Dr. Alec Zhang holds the Hortense L. and Morton H. Sanger Professorship in Oncology and is a Michael L. Rosenberg Scholar in Medical Research. Dr. Xuewu Zhang and Dr. Xu are members of the Simmons Cancer Center.

This study was funded by grants from the National Cancer Institute (NCI) (R01CA248736, R01CA263079, and Lung Cancer 779 SPORE Development Research Program), the Cancer Prevention and Research Institute of Texas (RP220032, RP15150551, RP190561), The Welch Foundation (AU-0042-20030616, I-1702), Immune-Onc Therapeutics Inc. (Sponsored Research Grant No. 111077), the National Institutes of Health (R35GM130289), and NCI Cancer Center Support Grant (P30CA142543).

The University of Texas has a financial interest in Immune-Onc in the form of equity and licensing. Dr. Alec Zhang holds equity in and had sponsored research agreements with Immune-Onc.
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When cancer cells feel squeezed, they become more dangerous | ScienceDaily
Cancer cells are notoriously flexible, taking on new features as they move around the body. Many of these changes are due to epigenetic modifications, which influence how DNA is packaged, and not due to mutations in the DNA itself. Such modifications are difficult to target for cancer therapy because they are reversible and can flip on and off.


						
Epigenetic changes have traditionally been thought to arise from internal cellular processes that result in the chemical tagging of DNA and its histone protein packaging -- such as histone methylation or DNA acetylation. But now a new study led by Ludwig Oxford's Richard White and Miranda Hunter of the Memorial Sloan Kettering Cancer Center and reported in the current issue of Nature shows that the physical environment in which these cells land is also a key instigator of epigenetic transformation.

Using a zebrafish model of melanoma, White, Hunter and their colleagues show that when tumor cells are tightly confined by surrounding tissues, they undergo structural and functional changes. Rather than continuing to divide rapidly, the cells activate a program of 'neuronal invasion', enabling them to migrate and spread into the surrounding tissue.

At the center of this transformation is HMGB2: a DNA-bending protein. The study demonstrates that HMGB2 responds to the mechanical stress of confinement by binding to chromatin, altering how genetic material is packaged. This exposes regions of the genome linked to invasiveness, making them newly available for gene expression. As a result, cells with high levels of HMGB2 become less proliferative but more invasive and resistant to treatment.

The team also found that melanoma cells adapt to this external pressure by remodeling their internal skeleton, forming a cage-like structure around the nucleus. This protective shield involves the LINC complex, a molecular bridge that connects the cell's skeleton to the nuclear envelope, helping to protect the nucleus from rupture and DNA damage caused by confinement-induced stress.

"Cancer cells can rapidly switch between different states, depending on cues within their environment," White explained. "Our study has shown that this switch can be triggered by mechanical forces within the tumor microenvironment. This flexibility poses a major challenge for treatment, as therapies targeting rapidly dividing cells may miss those that have transitioned to an invasive, drug-resistant phenotype. By identifying the factors that are involved in this switch, we hope to able to develop therapies that prevent or even reverse the invasive transformation."

The findings highlight the role of the tumor microenvironment in shaping cancer cell behavior, showing how physical cues can drive cells to reorganize their cytoskeleton, nucleus and the architecture of their genomic packaging to shift between states of growth and invasion.

Most notably, however, the study also demonstrates how physical stress can act as a potent -- and underappreciated -- driver of epigenetic change.

This study was supported by the Ludwig Institute for Cancer Research, National Cancer Institute, the Cancer Research Society, the Canadian Institutes of Health Research, the U.S. National Institutes of Health, the Melanoma Research Alliance, The Debra and Leon Black Family Foundation, the Pershing Square Sohn Foundation, The Mark Foundation, The Alan and Sandra Gerry Metastasis Research Initiative at MSKCC, The Harry J. Lloyd Foundation, Consano, the Starr Cancer Consortium and the American Cancer Society.

Richard White is a member of the Oxford Branch of the Ludwig Institute for Cancer Research and a professor of genetics at the University of Oxford, Nuffield Department of Medicine.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/09/250921090904.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Want a younger brain? Harvard researchers say eat like this | ScienceDaily
Following a green-Mediterranean diet -- which includes green tea and the aquatic plant Mankai -- is associated with slower brain aging, according to a study.


						
The study, published recently in the journal Clinical Nutrition, was co-authored by researchers at Ben-Gurion University, Harvard T.H. Chan School of Public Health, and the University of Leipzig.

Neurological conditions, including mild cognitive impairment and Alzheimer's disease, have been associated with a higher brain age gap -- a brain that's "older" than would be predicted given a person's chronological age. To evaluate the impact of diet on brain age, researchers analyzed data from around 300 participants in the DIRECT PLUS trial, one of the longest-running studies on the link between brain and diet. Over the course of 18 months, the participants consumed one of three diets: a standard healthy diet; a traditional calorie-restricted Mediterranean diet, which was low in simple carbohydrates, rich in vegetables, and replaced red meat with poultry and fish; and the green-Mediterranean diet, which additionally included green tea and Mankai.

When the researchers measured protein levels in the participants' blood, they found that higher levels of certain proteins were associated with accelerated brain aging. Further, they found that those protein levels decreased in participants who followed the green-Mediterranean diet. The researchers hypothesized that the protective effect of the diet could be a result of the anti-inflammatory molecules contained in green tea and Mankai.

"Studying the circulating proteins in blood allows us to observe, in a real-life setting, how the brain's aging processes are influenced by lifestyle and dietary changes," said Anat Meir, postdoctoral research fellow at Harvard Chan School, who co-led the study. "This approach gives us a dynamic window into brain health, helping to reveal biological changes long before symptoms may appear. By mapping these protein signatures, we gain powerful new insight into how interventions, such as diet, may help preserve cognitive function as we age."

Senior author of the study was Iris Shai, adjunct professor of nutrition at Harvard Chan School. Other Harvard Chan School co-authors included Dong Wang, Frank Hu, and Meir Stampfer.
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Why alcohol blocks the liver from healing, even after you quit | ScienceDaily
Excessive alcohol consumption can disrupt the liver's unique regenerative abilities by trapping cells in limbo between their functional and regenerative states, even after a patient stops drinking, researchers at University of Illinois Urbana-Champaign and collaborators at Duke University and the Chan Zuckerberg Biohub Chicago describe in a new study.


						
This in-between state is a result of inflammation disrupting how RNA is spliced during the protein-making process, the researchers found, providing scientists with new treatment pathways to explore for the deadly disease. The researchers published their findings in the journal Nature Communications.

The liver has a remarkable ability to regenerate itself after damage or partial removal. However, it loses that ability in patients with alcohol-associated liver disease -- the leading cause of liver-related mortality worldwide, resulting in roughly 3 million deaths annually.

"We knew that the liver stops functioning and stops regenerating in patients with alcohol-related hepatitis and cirrhosis, even when a patient has discontinued consuming alcohol, but we didn't know why," said U. of I. biochemistry professor Auinash Kalsotra, who co-led the study with Duke University School of Medicine professor Anna Mae Diehl. "The only real life-saving treatment option once a patient reaches the liver failure stage in those diseases is transplantation. But if we understood why these livers were failing, maybe we could intervene."

Both the Kalsotra and Diehl labs havestudied the molecular and cellular underpinnings of liver regeneration. Over the last five years, they found that in order to regenerate, liver cells reprogram their gene expression to revert to fetal-like progenitor cells, multiply and then reverse the process back to become mature functioning cells again. Armed with this knowledge, the group turned to the question of how those mechanisms were disrupted in alcohol-associated liver disease.

The researchers compared samples of healthy livers and samples of livers with alcohol-associated hepatitis or cirrhosis obtained from Johns Hopkins University Hospital through an initiative supported by the National Institute for Alcohol Abuse and Alcoholism, part of the National Institutes of Health.

The first thing the researchers noticed in diseased livers was that, although damaged cells had begun the process of reverting to the regenerative state, they did not complete the process and instead remained in transitional limbo.




"They are neither functional adult cells nor proliferative progenitor cells. Since they are not functioning, more pressure builds on the remaining cells. So they try to regenerate, and they're all ending up in this unproductive quasi-progenitor state, and that's what is causing liver failure," said U. of I. graduate students Ullas Chembazhi and Sushant Bangru, the co-first authors of the study.

To figure out why the cells were getting stuck in this state, the team investigated which proteins were being made by the liver cells and, in turn, the RNA molecules carrying the instructions for those proteins from the DNA to the cell's protein-building machinery.

While most studies focus only on the total amounts of RNA or protein in a cell, Kalsotra's team used deep RNA sequencing technology and computational analyses to zoom in on the splicing of RNA fragments, a key step in stitching together different parts of genetic instructions to make proteins.

"In comparing the samples, we saw RNA was getting misspliced broadly in alcohol-related liver disease, across thousands of genes, and it was affecting major functions of proteins," said Kalsotra, who also is affiliated with the Carl R. Woese Institute for Genomic Biology at Illinois.

The researchers found a possible driver of the RNA missplicing: Alcohol-damaged liver cells had a deficiency of the protein ESRP2, which binds to RNA to splice it properly.

"Proteins function at a very specific place in the cell, and that is directed by sequences within the protein that take the protein to that particular spot. We found that, in many cases, the sequence that dictates where the protein localizes within a cell was misspliced. That's why it was important that we did the multiple analyses we did," said Kalsotra, also a member of the Chan Zuckerberg Biohub Chicago. "There was the same amount of RNA and protein, but the protein was not at the right place to function. Due to missplicing, key proteins that are required for productive liver regeneration were getting stuck in the cytoplasm, when they needed to be in the nucleus."

To verify that ESRP2 deficiency was a likely culprit, the researchers studied mice without the gene that produces ESRP2. They displayed similar liver damage and regeneration failure to that seen in patients with advanced alcohol-related hepatitis.




But why was ESRP2 missing from liver cells from patients with alcohol-related hepatitis? Upon investigation, the researchers found that liver support cells and immune cells, drawn to the liver tissue damaged by alcohol processing, released high amounts of inflammatory and growth factors. Those factors suppress ESRP2 production and activity.

To verify this finding, the researchers treated liver cell cultures with a molecule that inhibits the receptor for one of the inflammation-promoting factors. ESRP2 levels recovered and splicing activity was corrected, pointing to the pathway as a possible treatment target.

"I'm hopeful these findings will become a launching pad for future clinical studies. We can use these misspliced RNAs as diagnostic markers or develop treatments that can curb the inflammation. And if we can correct the splicing defects, then maybe we can improve recovery and restore damaged livers," Kalsotra said.

The research team also included U. of I. biochemistry graduate students Diptatanu Das and Subhashis Natua; U. of I. undergraduate students Katelyn Toohill, Ishita Purwar, and Anuprova Bhowmik; Brandon Peiffer and Zhaoli Sun from Johns Hopkins University School of Medicine; Aurelia Leona and Yogesh Goyal from Northwestern University and Rajesh Dutta from Duke University School of Medicine.

The National Institutes of Health, the Chan-Zuckerberg Biohub Chicago, the Duke Endowment and the Muscular Dystrophy Association supported this work.

The National Institutes of Health supported this work through grants R01-AA010154, R01-HL126845, R21-HD104039, R01-AA010154, 5R01-DK077794, 1R56-DK1343340 and R24 AA025017.
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New crystal camera lets doctors see inside the body like never before | ScienceDaily
Physicians rely on nuclear medicine scans, like SPECT scans, to watch the heart pump, track blood flow and detect diseases hidden deep inside the body. But today's scanners depend on expensive detectors that are difficult to make.


						
Now, scientists led by Northwestern University and Soochow University in China have built the first perovskite-based detector that can capture individual gamma rays for SPECT imaging with record-breaking precision. The new tool could make common types of nuclear medicine imaging sharper, faster, cheaper and safer.

For patients, that could mean shorter scan times, clearer results and lower doses of radiation.

The study was published on Aug. 30 in the journal Nature Communications.

"Perovskites are a family of crystals best known for transforming the field of solar energy," said Northwestern's Mercouri Kanatzidis, the study's senior author. "Now, they are poised to do the same for nuclear medicine. This is the first clear proof that perovskite detectors can produce the kind of sharp, reliable images that doctors need to provide the best care for their patients."

"Our approach not only improves the performance of detectors but also could lower costs," said co-corresponding author Yihui He, a professor at Soochow University. "That means more hospitals and clinics eventually could have access to the best imaging technologies."

Kanatzidis is a Charles E. and Emma H. Morrison Professor of Chemistry at Northwestern's Weinberg College of Arts and Sciences and a senior scientist at Argonne National Laboratory. Yihui He is a former postdoctoral fellow from Kanatzidis' laboratory.




Nuclear medicine, like SPECT (single-photon emission computing tomography) imaging, works like an invisible camera. Physicians implant a tiny, safe, short-lived radiotracer in a specific part of a patient's body. The tracer emits gamma rays, which pass outward through tissues and eventually hit a detector outside of the body. Each gamma ray is like a pixel of light. After collecting millions of these pixels, computers can construct a 3D image of working organs.

Today's detectors, which are either made from cadmium zinc telluride (CZT) or sodium iodide (NaI), have several disadvantages. CZT detectors are incredibly expensive, sometimes reaching into the price range of hundreds of thousands to millions of dollars for a whole camera. Because CZT crystals are brittle and prone to cracking, these detectors also are difficult to manufacture. While cheaper than CZT detectors, NaI detectors are bulky and produce blurrier images -- like taking a photo through a foggy window.

To overcome these issues, the scientists turned to perovskite crystals, a material that Kanatzidis has studied for more than a decade. In 2012, his group built the first solid-film solar cells made from perovskites. Then, in 2013, Kanatzidis discovered that single perovskite crystals were highly promising for detecting X-rays and gamma rays. This breakthrough, enabled by his group's growth of high-quality single crystals, sparked a worldwide surge of research and effectively launched a new field in hard radiation detection materials.

"This work demonstrates how far we can push perovskite detectors beyond the laboratory," Kanatzidis said. "When we first discovered in 2013 that perovskite single crystals could detect X-rays and gamma rays, we could only imagine their potential. Now, we're showing that perovskite-based detectors can deliver the resolution and sensitivity needed for demanding applications like nuclear medicine imaging. It's exciting to see this technology moving closer to real-world impact."

Building on this foundation, Kanatzidis and He led the crystal growth, surface engineering and device design for the new study. By carefully growing and shaping these crystals, the researchers created a pixelated sensor -- just like the pixels in a smartphone camera -- that delivers record-breaking clarity and stability.

Leading the design and development of the prototype gamma-ray detector, He developed the camera's pixelated architecture, optimized the multi-channel readout electronics and carried out the high-resolution imaging experiments that validated the device's capabilities. He, Kanatzidis and their team demonstrated that perovskite-based detectors can achieve record energy resolutions and unprecedented single-photon imaging performance, paving the way for practical integration into next-generation nuclear medicine imaging systems.




"Designing this gamma-ray camera and demonstrating its performance has been incredibly rewarding," He said. "By combining high-quality perovskite crystals with a carefully optimized pixelated detector and multi-channel readout system, we were able to achieve record-breaking energy resolution and imaging capabilities. This work shows the real potential of perovskite-based detectors to transform nuclear medicine imaging."

In experiments, the detector was able to differentiate among gamma rays of different energies with the best resolution reported thus far. It also sensed extremely faint signals from a medical radiotracer (technetium-99m) commonly used in clinical practice and distinguished incredibly fine features, producing crisp images that could separate tiny radioactive sources spaced just a few millimeters apart. The detector also remained highly stable, collecting nearly all the tracer's signal without loss or distortion. Because these new detectors are more sensitive, patients potentially could require shorter scan times or smaller doses of radiation.

Northwestern spinout company Actinia Inc. is commercializing this technology -- working with partners in the medical device field to bring it out of the lab and into hospitals. Because they are easier to grow and use simpler components, perovskites offer a far less expensive alternative to CZT and NaI detectors without sacrificing quality. Perovskite-based detectors also offer a realistic pathway to imaging using a lower dose of a radiotracer than can be used with a NaI detector but at a price that ensures widespread patient access.

"Demonstrating that perovskites can deliver single-photon gamma-ray imaging is a milestone," He said. "It shows these materials are ready to move beyond the laboratory and into technologies that directly benefit human health. From here, we see opportunities to refine the detectors further, scale up production and explore entirely new directions in medical imaging."

"High-quality nuclear medicine shouldn't be limited to hospitals that can afford the most expensive equipment," Kanatzidis said. "With perovskites, we can open the door to clearer, faster, safer scans for many more patients around the world. The ultimate goal is better scans, better diagnoses and better care for patients."

The study, "Single photon g-ray imaging with high energy and spatial resolution perovskite semiconductor for nuclear medicine," was supported by the Defense Threat Reduction Agency (award number HDTRA12020002), the Consortium for Interaction of Ionizing Radiation with Matter University Research Alliance, the National Key R&D Program of China (award number 2021YFF0502600), the National Natural Science Foundation of China (award number U2267211) and the Jiangsu Natural Science Foundation (award number BK20240822).
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Breakthrough method could dramatically cut prescription drug prices | ScienceDaily
One of the main factors driving prices in pharmaceuticals, such as cholesterol-lowering drugs and antibiotics, is the cost of production and materials. Researchers at the University of Maine Forest Bioproducts Research Institute (FBRI) have discovered a sustainable method to produce the key ingredient in a broad range of pharmaceuticals, which could help address high prescription drug costs in the U.S.


						
Among some of the most expensive medications are those that require a chiral center -- a property in which a molecule cannot be superimposed with its mirror image, like right and left hands. Chirality can direct a drug's biological effects including efficacy, side effects and metabolization. The price of chiral drugs is greatly contributed to the building blocks used during synthesis, which are costly to produce due to complex reaction and purification pathways.

In a new study recently published in Chem, FBRI researchers explore a new, cost-reducing pathway to produce one of these crucial building blocks, (S)-3-hydroxy-g-butyrolactone (HBL), from glucose at high concentrations and yields.

According to researchers, HBL is a chiral species used for the synthesis of an array of crucial drugs such as statins, antibiotics and HIV inhibitors. Because glucose can be derived from any lignocellulosic feedstock -- such as wood chips, sawdust, tree branches or other woody biomass -- this process opens a new door for the sustainable production of HBL. This approach could also potentially be used to produce other types of important consumer products.

"If we use other kinds of wood sugars, like xylose that is an unneeded byproduct from making pulp and paper, we expect that we could produce new chemicals and building blocks, like green cleaning products or new renewable, recyclable plastics," said Thomas Schwartz, associate director of FBRI and associate professor in the Maine College of Engineering and Computing who was a lead author for the paper.

In addition to its use as a chiral species, HBL has been identified as a highly valuable precursor to a variety of chemicals and plastics by the U.S. Department of Energy. Previous attempts to produce HBL sustainably achieved only limited success due to safety issues, ineffectiveness or a lack of cost-efficiency.

"The competing processes either lead to low yields, use hazardous starting materials or are just generally costly because of the chosen production scheme and low output," said Schwartz. "The commercial process is expensive because you have to add the chiral center to the molecule, which doesn't occur naturally with most petrochemicals."

Not only does this new approach result in significantly reduced greenhouse gas emissions, but the production costs are also reduced by more than 60% compared to current methods that use petroleum-derived feedstocks. The process can also yield other commercially important chemicals, such as glycolic acid (GA), which presents additional economic opportunities.

The research included work from students in the UMaine Catalysis Group led by Schwartz and was conducted in collaboration with the U.S. Department of Agriculture (USDA) Forest Products Laboratory and the University of Wisconsin-Madison. Funding for the project was provided by the USDA, U.S. Forest Service and the National Science Foundation.
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Scientists reveal the everyday habits that may shield you from dementia | ScienceDaily
An estimated 7.2 million Americans over age 65 currently live with Alzheimer's disease (AD). That number is expected to nearly double to 13.8 million by 2060. These increases reflect more than demographic shifts; they point to a growing public health crisis that requires a new, proactive approach. While chronological age is the strongest known risk factor for cognitive decline, losing cognitive function is not an inevitable part of aging.


						
As AD and other forms of cognitive decline continue to rise at an alarming rate, researchers from Florida Atlantic University's Charles E. Schmidt College of Medicine, highlight a powerful and untapped path to prevention.

In a commentary published in The American Journal of Medicine, the researchers urge clinicians, public health professionals and policymakers to implement coordinated efforts to support lifestyle-based interventions that can help reduce the growing burden of cognitive decline in the United States and worldwide.

"While deaths from cardiovascular disease have declined since 2000, deaths from Alzheimer's disease have surged by more than 140%," said Charles H. Hennekens, M.D., FACPM, FACC, co-author, the First Sir Richard Doll Professor of Medicine and Preventive Medicine, and senior academic advisor, Schmidt College of Medicine. "At the same time, it is estimated that up to 45% of dementia risk could be attributed to modifiable lifestyle and environmental factors."

Lifestyle risk factors like physical inactivity, poor diet, obesity, alcohol use, and conditions such as hypertension, diabetes, depression, and social or intellectual isolation are believed to contribute to cognitive decline. The authors point out that the same therapeutic lifestyle changes proven effective for reducing risks of cardiovascular and other major diseases may also help reduce cognitive decline - potentially with additive effects when multiple risk factors are present.

The commentary highlights the recently published results from POINTER, the first large-scale U.S-based randomized trial to test whether intensive lifestyle changes can improve cognitive outcomes in older adults at high risk of decline. In this trial, participants who were assigned at random to a structured, team-based lifestyle intervention showed statistically significant and clinically meaningful improvements in global cognition over two years. These gains were especially notable in executive functions such as memory, attention, planning and decision-making. The intervention emphasized regular physical activity, a combination of Mediterranean and DASH-style diets, cognitive stimulation and social engagement - reinforced through ongoing professional guidance and group support.

These findings are similar to an earlier Finnish trial, the FINGER trial, in which participants with elevated cardiovascular risk scores assigned at random to a multidomain lifestyle approach experienced cognitive benefits.




"The data from both these landmark, large scale randomized trials demonstrate that lifestyle changes - previously shown to reduce heart disease and cancer - also hold transformative potential for brain health," Hennekens said.

The researchers also speculated about biological mechanisms that may underlie these benefits. Physical activity, for example, increases brain-derived neurotrophic factor, which supports hippocampal growth, while also improving blood flow and reducing inflammation. Healthy dietary patterns like the Mediterranean and DASH diets can lower oxidative stress and improve insulin sensitivity as well as risks of cardiovascular disease. Quitting smoking may help preserve brain structure and white matter integrity, and regular social and cognitive engagement promotes neuroplasticity and mental resilience.

"The implications for clinical practice, public health and government policy are potentially enormous," said Parvathi Perumareddi, D.O., co-author and an associate professor of family medicine in the Schmidt College of Medicine. "Clinicians now have powerful, evidence-based tools to help their patients prevent or slow cognitive decline - tools that go beyond medications, are generally low-risk, and are cost-effective. Public health agencies could adopt the framework of trials like POINTER and FINGER to develop brain health programs."

On the policy front, the researchers note that potential cost savings are large, particularly when considering the high price and limited effectiveness of many new pharmacologic agents, which may cause common and less serious side effects like nausea, headache and fatigue, as well as more rare but more serious risks like confusion or gastrointestinal bleeding. Modeling studies suggest that reducing key risk factors by even 10% to 20% each decade could lower the burden of cognitive decline by up to 15%.

Beyond the health care system, the societal costs of dementia are staggering. In 2024, nearly 12 million family members and unpaid caregivers provided an estimated 19.2 billion hours of care to individuals living with dementia - amounting to a societal cost of more than $413 billion. Caregiving also takes an emotional toll, often resulting in mental health challenges and caregiver burnout. The researchers emphasize that these realities underscore the need for practical, community-based solutions that support both patients and caregivers and reduce the long-term burden on families and the economy.

"While more research is needed, the current totality of evidence supports a clear path forward: invest in lifestyle-based strategies to protect brain health," said Hennekens. "Doing so will not only benefit individuals at risk but also serve as a powerful tool for reducing national and global health care burdens related to cognitive decline."

The first and corresponding author is John Dunn, a medical student at the Schmidt College of Medicine.
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Your pancreas may be making its own version of Ozempic | ScienceDaily
A new study from Duke University School of Medicine is challenging long-standing views on blood sugar regulation -- and pointing to a surprising new ally in the fight against type 2 diabetes.


						
Published Sept. 19 in Science Advances, the research reveals that pancreatic alpha cells, once thought to only produce glucagon -- a hormone that raises blood sugar to maintain energy when fasting or exercising -- also generate GLP-1, a powerful hormone that boosts insulin and helps regulate glucose. GLP-1 is the same hormone mimicked by blockbuster drugs like Ozempic and Mounjaro.

Using mass spectrometry, Duke researchers found that human alpha cells may naturally produce far more bioactive GLP-1 than previously believed.

Led by Duke scientist Jonathan Campbell, PhD, the team of obesity and diabetes researchers analyzed pancreatic tissue from both mice and humans across a range of ages, body weights, and diabetes statuses. They found that human pancreatic tissue produces much higher levels of bioactive GLP-1 and that this production is directly linked to insulin secretion.

"This research shows that alpha cells are more flexible than we imagined," said Campbell, an associate professor in the Division of Endocrinology in the Department of Medicine and a member of the Duke Molecular Physiology Institute. "They can adjust their hormone output to support beta cells and maintain blood sugar balance."

This flexibility could change how we think about treating type 2 diabetes, where beta cells in the pancreas can't make enough insulin to keep blood sugar at a healthy level. By boosting the body's own GLP-1 production, it may offer a more natural way to support insulin and manage blood sugar.

Switching gears

In mouse studies, when scientists blocked glucagon production, they expected insulin levels to drop. Instead, alpha cells switched gears -- ramping up GLP-1 production, improving glucose control, and triggering stronger insulin release.




"We thought that removing glucagon would impair insulin secretion by disrupting alpha-to-beta cell signaling," Campbell said. "Instead, it improved it. GLP-1 took over, and it turns out, it's an even better stimulator of insulin than glucagon."

To test this further, researchers manipulated two enzymes: PC2, which drives glucagon production, and PC1, which produces GLP-1. Blocking PC2 boosted PC1 activity and improved glucose control. But when both enzymes were removed, insulin secretion dropped and blood sugar spiked -- confirming the critical role of GLP-1.

Implications for diabetes treatment

While GLP-1 is typically made in the gut, the study confirms that alpha cells in the pancreas can also release GLP-1into the bloodstream after eating, helping to lower blood sugar by increasing insulin and reducing glucagon levels.

Common metabolic stressors, like a high-fat diet, can increase GLP-1 production in alpha cells -- but only modestly. That opens the door to future research: If scientists can find ways to safely boost GLP-1 output from alpha cells they may be able to naturally enhance insulin secretion in people with diabetes.

But measuring GLP-1 accurately hasn't been easy. The team developed a high-specificity mass spectrometry assay that detects only the bioactive form of GLP-1 -- the version that actually stimulates insulin -- not the inactive fragments that often muddy results.




"This discovery shows that the body has a built-in backup plan," Campbell said. "GLP-1 is simply a much more powerful signal for beta cells than glucagon. The ability to switch from glucagon to GLP-1 in times of metabolic stress may be a critical way the body maintains blood sugar control."

Additional authors: Canqi Cui, Danielle C. Leander, Sarah M. Gray, Kimberly El, Alex Chen, Paul Grimsrud, Guo-Fang Zhang, David A. D'Alessio, all of Duke; and Jessica O. Becker, Austin Taylor, Kyle W. Sloop, C. Bruce Verchere, and Andrew N. Hoofnagle,

Funding: National Institutes of Health, Canadian Institutes of Health Research, Borden Scholars, and Helmsley Charitable Trust Foundation.
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This stunning X-ray advance could help detect cancer earlier | ScienceDaily
When German physicist Wilhelm Rontgen discovered X-rays in the late 1800s while experimenting with cathode ray tubes, it was a breakthrough that transformed science and medicine. So much so that the basic concept remains in use today. But a team of researchers at Sandia National Laboratories believes they've found a better way, harnessing different metals and the colors of light they emit.


						
"It's called colorized hyperspectral X-ray imaging with multi-metal targets, or CHXI MMT for short," said project lead Edward Jimenez, an optical engineer. Jimenez has been working with materials scientist Noelle Collins and electronics engineer Courtney Sovinec to create X-rays of the future.

"With this new technology, we are essentially going from the old way, which is black and white, to a whole new colored world where we can better identify materials and defects of interest," Collins said.

The team found they could achieve this using tiny, patterned samples of varied metals such as tungsten, molybdenum, gold, samarium and silver.

The Basics of X-ray Creation

To understand the concept, one must understand the basics of X-ray creation. Traditional X-rays are generated by bombarding a single metal target, or anode, with high-energy electrons. Those X-rays are channeled into a beam and directed at a subject or material. Denser tissues, like bone, absorb more X-rays, while less dense tissues, like muscles and organs allow more to pass through. A detector records the pattern, creating an image.

While X-ray technology has advanced over time, the basic concept remains the same, which limits resolution and clarity.




A New Type of X-Ray Image

The Sandia team set out to solve that limitation by making the X-ray focal spot smaller. The smaller the spot, the sharper the image.

They achieved this by designing an anode with metal dots patterned to be collectively smaller than the beam, effectively reducing the focal point.

But the team decided they wanted to push the limits and took the concept a step further.

"We chose different metals for each dot," Sovinec said. "Each metal emits a particular 'color' of X-ray light. When combined with an energy discriminating detector, we can count individual photons, which provide density information, and measure the energy of each photon. This allows us to characterize the elements of the sample."

The result is colorized images with what the team calls revolutionary image clarity and a better understanding of an object's composition.




"We get a more accurate representation of the shape and definition of that object, which is going to allow us to make unprecedented measurements and unprecedented observations," Jimenez said.

Far-reaching applications

The team sees this as a major advancement for X-ray technology with a wide range of uses, from airport security and quality control to nondestructive testing and advanced manufacturing.

They also hope its impact will improve medical diagnostics.

"With this technology, you can see even slight differences between materials," Jimenez said. "We hope this will help better identify things like cancer and more effectively analyze tumor cells. In mammography you are trying to catch something before it grows. In breast tissue, it's hard to identify the different dots, but with colorization you have a sharper beam and higher resolution image that increases the system's capability to detect a microcalcification. It's really exciting to be a part of that."

"From here we will continue to innovate," Collins said. "We hope to identify threats faster, diagnose diseases quicker and hopefully create a safer, healthier world."

The team was recently awarded an R&D 100 award for their technology. They were among six winners from Sandia. Click for R&D 100 Submission video with soundbites.
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Simple therapies outperform drugs for knee arthritis pain relief | ScienceDaily
Knee braces, water therapy and exercise are the most promising non-drug therapies for treating knee osteoarthritis, according to a new meta-analysis publishing June 18, 2025 in the open-access journal PLOS One by Yuan Luo of the First People's Hospital of Neijiang, China.


						
Knee osteoarthritis (KOA) is a common and often debilitating condition that affects millions of older adults, causing pain and stiffening of the knee joint. Treatment often includes anti-inflammatory drugs, which are linked to gastrointestinal and cardiovascular adverse events.

In the new study, researchers examined the current evidence on non-drug therapies for treating KOA. They looked at data from 139 clinical trials involving nearly 10,000 people to compare 12 different non-drug treatments. These included laser therapy, electrical stimulation, braces, insoles, kinesiology tape, water-based therapy, exercise, and ultrasound. By combining results from all these studies into a powerful network meta-analysis, the team could rank the therapies based on how well they worked.

Knee braces came out on top across most categories, including reducing pain, improving function, and relieving stiffness. Hydrotherapy -- exercises or treatments performed in warm water -- was particularly effective at easing pain and general exercise was also consistently effective, improving both pain and physical function. High-intensity laser therapy and shock wave therapy showed some benefits, while ultrasound consistently scored the lowest in effectiveness.

The authors caution that differences in study design, small sample sizes, and variability in treatment duration between the 139 included studies may limit the precision of the rankings. However, they conclude that physical therapy has promising effects on KOA, offering potential treatments without the risks of anti-inflammatory drugs. Future studies should examine the clinical efficacy of combined therapies, as well as their cost-effectiveness.

The authors add: "Knee braces, hydrotherapy, and exercise are the most effective non-drug therapies for knee osteoarthritis. They reduce pain and improve mobility without the gastrointestinal or cardiovascular risks linked to common pain medications. Patients and clinicians should prioritize these evidence-based options."

"Our analysis of nearly 10,000 patients reveals that simple, accessible therapies like knee bracing and water-based exercise outperform high-tech options like ultrasound. This could reshape clinical guidelines to focus on safer, lower-cost interventions."
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Clear skin in a week with this breakthrough acne patch | ScienceDaily
Waking up with a pimple is no longer cause for panic, thanks to pimple patches -- small, sticker-like bandages that cover and help heal the unwanted zit. A team of researchers publishing in ACS Applied Materials & Interfaces has designed a two-stage pimple patch set with an array of tiny spikes that grabs onto the pimple and delivers antibacterial or anti-inflammatory compounds. Human clinical trials confirmed that the pimples completely disappeared after seven days of treatment.


						
Also called acne stickers, pimple patches are made of polymers that absorb excess moisture and oil. Some versions contain medications that reduce inflammation or fight infection. These medicated stickers often use microarrays (rows of teensy spikes) that penetrate the skin's outermost layer and deliver compounds underneath. But microarrays may shift during wear and irritate the skin. So, Shayan Fakhraei Lahiji, Yong-Hee Kim and colleagues wanted to design a medicated acne patch system with a microarray platform that stays put.

To create their patch, the researchers first printed a microarray of arrowhead-shaped spikes using a specialized 3D printer. This unique shape helped the patch lock in place when attached to the skin. The patch's backbone is made of hyaluronic acid -- a gooey polymer that's a common skincare ingredient -- that was mixed with either antibacterial agents (including salicylic acid and Cannabis sativa extract) or anti-inflammatory agents (including niacinamide and chamomile extract).

These patches were clinically tested on 20 participants. On the first day, the participants applied the antibacterial patch, and for the next six days, they applied a new anti-inflammatory patch. The hyaluronic acid-based microarray dissolved into the skin within 30 to 90 minutes, with no pain or irritation. After three days, participants noted an 81% reduction in acne lesions in the treated areas compared to untreated pimples, and after seven days, the treated pimples were gone altogether. Additionally, researchers noted a significant reduction in sebum -- an oily substance that causes acne. Around 95% of participants report that they were satisfied with the results of the treatment.

The researchers plan to make their new patch available for purchase in fall 2025, in both South Korea and the United States. In addition, the technology could be reformulated to deliver other therapies, beyond just acne-fighting compounds.

"Our work highlights the potential of microarray patches as a platform for applications beyond acne treatment, ranging from skin disorders to obesity therapies and vaccine delivery," explains Kim.

The authors acknowledge funding from the Technology Development Program of the Korean Ministry of SMEs and Startups; the Korea Health Technology R&D Project through the Korea Health Industry Development Institute; and the Korean Ministry of Health & Welfare.

The authors are employees of Cursus Bio Inc., a company focusing on microarray-based technologies.
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New breath sensor detects diabetes quickly and easily | ScienceDaily
In the U.S., one in five of the 37 million adults who has diabetes doesn't know it. Current methods of diagnosing diabetes and prediabetes usually require a visit to a doctor's office or lab work, both of which can be expensive and time-consuming. Now, diagnosing diabetes and prediabetes may be as simple as breathing.


						
A research team led by Huanyu "Larry" Cheng, James L. Henderson, Jr. Memorial Associate Professor of Engineering Science and Mechanics at Penn State, has developed a sensor that can help diagnose diabetes and prediabetes on-site in a few minutes using just a breath sample. Their results were published in Chemical Engineering Journal.

Previous diagnostic methods often used glucose found in blood or sweat, but this sensor detects acetone levels in the breath. While everyone's breath contains acetone as a byproduct of burning fat, acetone levels above a threshold of about 1.8 parts per million indicate diabetes.

"While we have sensors that can detect glucose in sweat, these require that we induce sweat through exercise, chemicals or a sauna, which are not always practical or convenient," Cheng said. "This sensor only requires that you exhale into a bag, dip the sensor in and wait a few minutes for results."

Cheng said there have been other breath analysis sensors, but they detected biomarkers that required lab analysis. Acetone can be detected and read on-site, making the new sensors cost-effective and convenient.

In addition to using acetone as the biomarker, Cheng said another novelty of the sensor came down to design and materials -- primarily laser-induced graphene. To create this material, the CO2 laser is used to burn the carbon-containing materials, such as the polyimide film in this work, to create patterned porous graphene with large defects desirable for sensing.

"This is similar to toasting bread to carbon black if toasted too long," Cheng said. "By tuning the laser parameters such as power and speed, we can toast polyimide into few-layered, porous graphene form."

The researchers used laser-induced graphene because it is highly porous, meaning it lets gas through. This quality leads to a greater chance of capturing the gas molecule, since breath exhalation contains a relatively high concentration of moisture. However, by itself, the laser-induced graphene was not selective enough of acetone over other gases and needed to be combined with zinc oxide.




"A junction formed between these two materials that allowed for greater selective detection of acetone as opposed to other molecules," Cheng said.

Cheng said another challenge was that the sensor surface could also absorb water molecules, and because breath is humid, the water molecules could compete with the target acetone molecule. To address this, the researchers introduced a selective membrane, or moisture barrier layer, that could block water but allow the acetone to permeate the layer.

Cheng said that right now, the method requires that a person breathe directly into a bag to avoid interference from factors such as airflow in the ambient environment. The next step is to improve the sensor so that it can be used directly under the nose or attached to the inside of a mask, since the gas can be detected in the condensation of the exhaled breath. He said he also plans to investigate how an acetone-detecting breath sensor could be used to optimize health initiatives for individuals.

"If we could better understand how acetone levels in the breath change with diet and exercise, in the same way we see fluctuations in glucose levels depending on when and what a person eats, it would be a very exciting opportunity to use this for health applications beyond diagnosing diabetes," Cheng said.

Funding from the U.S. National Institutes of Health and the U.S. National Science Foundation supported the Penn State contributions to this work. Li Yang, who was a visiting scholar in the Penn State Department of Engineering Science and Mechanics at the time of the research, is the first author. A full list of funding and authors can be found in the paper.
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Scientists uncover exercise's secret hunger-busting molecule | ScienceDaily
Researchers at Baylor College ofMedicine, Jan and Dan Duncan Neurological Research Institute (Duncan NRI) at Texas Children's Hospital, Stanford University School of Medicine and collaborating institutions provide new insights into how exercise helps lose weight. The researchers discovered a mechanism by which the compound Lac-Phe, which is produced during exercise, reduces appetite in mice, leading to weight loss. The findings appeared in Nature Metabolism.


						
"Regular exercise is considered a powerful way to lose weight and to protect from obesity-associated diseases, such as diabetes or heart conditions," said co-corresponding author Dr. Yang He, assistant professor of pediatrics - neurology at Baylor and investigator at the Duncan NRI. "Exercise helps lose weight by increasing the amount of energy the body uses; however, it is likely that other mechanisms are also involved."

The researchers previously discovered that Lac-Phe is the most increased metabolite - a product of the body's metabolism - in blood after intense exercise, not just in mice but also in humans and racehorses. The team's previous work showed that giving Lac-Phe to obese mice reduced how much they ate and helped them lose weight without negative side effects. But until now, scientists didn't fully understand how Lac-Phe works to suppress appetite.

"Understanding how Lac-Phe works is important for developing it or similar compounds into treatments that may help people lose weight," He said. "We looked into the brain as it regulates appetite and feeding behaviors."

The researchers studied two types of brain cells in mice. One type was AgRP neurons, which stimulate hunger and are in the arcuate nucleus of the hypothalamus. The other type was PVH neurons in the paraventricular nucleus of the hypothalamus. These neurons help suppress hunger.

AgRP and PVH neurons work together. Normally, AgRP neurons send signals that inhibit PVH neurons, making you feel hungry. But when AgRP neurons are turned off, PVH neurons become more active, reducing appetite.

He lab members and colleagues discovered that Lac-Phe directly inhibits AgRP neurons, which in turn activates PVH neurons. This chain of events resulted in mice eating less. The animals' behavior remained normal, suggesting that Lac-Phe doesn't cause unpleasant side effects.




In addition, the team investigated how Lac-Phe inhibits AgRP neurons. "We found that Lac-Phe acts on a protein on AgRP neurons called KATP channel, which helps regulate cell activity. "When Lac-Phe activates these channels in AgRP neurons, the cells become less active," He said. "When we blocked the KATP channels using drugs or genetic tools, Lac-Phe no longer suppressed appetite. This confirmed that the KATP channel is essential for Lac-Phe's effects."

This research helps explain how exercise can naturally reduce appetite and improve metabolism. "The results also suggest the exciting possibility of targeting this newly discovered mechanism for weight management," said co-corresponding author Dr. Yong Xu, currently at the University of South Florida.

"This finding is important because it helps explain how a naturally produced molecule can influence appetite by interacting with a key brain region that regulates hunger and body weight," said co-corresponding author Dr. Jonathan Long at Stanford University School of Medicine.

Although this study focused on mice, the findings are promising for humans. Future research will explore how Lac-Phe works in different metabolic states (like obesity vs. leanness), how it travels to the brain and whether it can be used safely and effectively as a therapy.

Other contributors to this work include Hailan Liu, Veronica L. Li, Qingzhuo Liu, Yao Liu, Cunjin Su, Hueyxian Wong, Na Yin, Hesong Liu, Xing Fang, Kristine M. McDermott, Hueyzhong Wong, Meng Yu, Longlong Tu, Jonathan C. Bean, Yongxiang Li, Mengjie Wang, Yue Deng, Yuhan Shi, Olivia Z. Ginnard, Yuxue Yang, Junying Han, Megan E. Burt, Sanika V. Jossy, Chunmei Wang, Yongjie Yang, Benjamin R. Arenkiel and Dong Kong. The authors are affiliated with one or more of the following institutions: Baylor College of Medicine, Stanford University School of Medicine, Jan and Dan Duncan Neurological Research Institute at Texas Children's Hospital, University of Texas Health Center at Houston, Boston Children's Hospital and Harvard Medical School and University of South Florida.

This work was supported by grants from the USDA/CRIS (51000-064-01S, 3092-51000-062-04(B)S), American Heart Association (23POST1030352), NIH (F32DK134121, R01DK136479, R01DK136526, T32GM13854), Bio-X SIGF Graduate Student Fellowship and Texas Children's Research Scholar funds.
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Scientists discover cancer's hidden power to accelerate aging | ScienceDaily
A new study led by a team of researchers at Moffitt Cancer Center reveals that lymphoma can accelerate the biological aging of the immune system and other tissues, providing new insight into how cancer reshapes the body beyond tumor growth.


						
The study, published in Cancer Cell, shows that B cell lymphoma rapidly transforms young T cells, which are key immune fighters, into a state resembling those of T cells in much older individuals. These changes included increased inflammation, impaired protein balance and altered iron regulation. The effects were not limited to immune cells. Markers of aging also appeared in the blood vessels, kidneys and intestines.

"Cancer doesn't just grow in isolation; it has widespread effects on patients. We found that lymphoma alone, without treatment, is enough to provoke systemic signs of aging," said John Cleveland, Ph.D., senior author and chief scientific officer at Moffitt. "This helps explain why many cancer patients experience symptoms typically associated with aging."

The findings challenge the long-held belief that accelerated aging in cancer patients is primarily caused by treatments like chemotherapy or radiation. While those therapies are known to age cells, this study shows that the cancer itself can push immune and tissue systems into an aged state.

"Our results also suggest there may be opportunities to reverse some cancer-driven aging effects," said Rebecca Hesterberg, Ph.D., the study's lead author and a researcher in Moffitt's Department of Tumor Microenvironment and Metastasis. "By understanding the biology, we can begin to think about interventions that not only treat the cancer but also protect or even restore healthy immune function."

Researchers discovered that lymphoma-exposed T cells accumulated excess iron, making them resistant to a type of cell death called ferroptosis. They also exhibited defects in protein quality control, a hallmark of aging. Some of these changes were reversible when tumors were eliminated in animal models, pointing to new therapeutic opportunities.

With the global population aging and cancer risk rising with age, the study underscores the importance of understanding how cancer interacts with aging biology.

The research was supported by the National Institutes of Health (CA241713, CA244328, P01-CA250984, CA267032, AG063543, P30-CA076292 and CA233399), the Leukemia and Lymphoma Society and the Florida Department of Health (23L10).
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Hardly anyone uses this surprisingly simple fix for high blood pressure | ScienceDaily
Few people with high blood pressure were using salt substitutes, even though they are a simple and effective way to lower sodium intake and manage blood pressure, according to preliminary research presented at the American Heart Association's Hypertension Scientific Sessions 2025. The meeting is the premier scientific exchange focused on recent advances in basic and clinical research on high blood pressure and its relationship to cardiac and kidney disease, stroke, obesity and genetics.


						
High blood pressure occurs when the force of blood flowing through the blood vessels is consistently too high. High blood pressure can lead to other serious events such as heart attack and stroke. Using data from 2017 to 2020, 122.4 million (46.7%) adults in the U.S. had high blood pressure and it contributed to more than 130,000 deaths. Too much sodium and too little potassium in the diet are risk factors for high blood pressure.

"Overall, less than 6% of all U.S. adults use salt substitutes, even though they are inexpensive and can be an effective strategy to help people control blood pressure, especially people with difficult-to-treat high blood pressure," said lead study author Yinying Wei, M.C.N., R.D.N., L.D., and Ph.D. candidate in the departments of applied clinical research and hypertension section, cardiology division, at UT Southwestern Medical Center in Dallas. "Health care professionals can raise awareness about the safe use of salt substitutes by having conversations with their patients who have persistent or hard-to-manage high blood pressure."

Salt substitutes are products that replace some or all of the sodium with potassium. Potassium salt tastes similar to regular salt, except when heated it can have a bitter aftertaste. Many foods contain some sodium in their natural state, however, the largest amount of sodium comes from processed and packaged foods and meals prepared at restaurants. The American Heart Association recommends consuming no more than 2,300 mg of sodium a day, with an ideal limit of less than 1,500 mg per day for most adults, especially for those with high blood pressure. For most people, cutting back by 1,000 mg a day can improve blood pressure and heart health.

This study is the first to examine long-term trends in salt substitute use among a nationally representative sample of U.S. adults. Using data from the National Health and Nutrition Examination Survey (NHANES) from 2003 to 2020, researchers analyzed the use of products that replace salt with potassium-enriched or other alternative salts.

The investigation focused on people with high blood pressure, and an additional analysis was conducted among adults eligible to use salt substitutes, including people with normal kidney function and those not taking medications or supplements that affect blood potassium levels. Some salt substitutes contain potassium, and they can raise blood potassium to dangerous levels in people with kidney disease or those taking certain medications or potassium supplements. Excessive potassium can lead to irregular heart rhythms. People with high blood pressure who are thinking about switching from regular salt to a salt substitute should first consult with a health care professional.

The analysis found:
    	Overall, salt substitute use among all U.S. adults remained low, peaking at 5.4% in 2013-2014 before falling to 2.5% by 2017-March 2020. Data collection for 2020 stopped before March because of the pandemic.
    	Among adults eligible to use salt substitutes, only 2.3% to 5.1% did so.
    	Usage was highest in people with high blood pressure whose BP was controlled with medications (3.6%-10.5%), followed by those with high blood pressure whose BP was not controlled despite medications (3.7%-7.4%).
    	Salt substitute use remained consistently less than 5.6% among people with untreated high blood pressure and for people with normal blood pressure.
    	Adults who ate at restaurants three or more times a week appeared less likely to use salt substitutes compared to those who ate out less often, but this difference was no longer statistically significant after accounting for age, race/ethnicity, education level and insurance status.

"Salt substitute use remained uncommon over the last two decades including among people with high blood pressure," Wei said. "Even among individuals with treated and poorly managed or untreated high blood pressure, most continued to use regular salt."




"This study highlights an important and easy missed opportunity to improve blood pressure in the U.S. -- the use of salt substitutes," said Amit Khera, M.D., M.Sc., FAHA, an American Heart Association volunteer expert. "The fact that use of salt substitutes remains so low and has not improved in two decades is eye-opening and reminds patients and health care professionals to discuss the use of these substitutes, particularly in visits focused on high blood pressure." Khera, who was not involved in this study, is a professor of medicine, clinical chief of cardiology and director of preventive cardiology at UT Southwestern Medical Center in Dallas.

The study has several limitations. First, information about salt substitute use was self-reported, so there may have been underreporting or misclassification. In addition, all types of salt substitutes were included in the analysis, therefore, the analysis could not specifically separate potassium-enriched salt from other types of salt substitutes. Finally, the survey data did not capture how much salt substitute the participants used.

"Future research should explore why salt substitute-use remains low by investigating potential barriers, such as taste acceptance, cost and limited awareness among both patients and clinicians," said Wei. "These insights may help guide more targeted interventions."

Study details, background and design:
    	The analysis included 37,080 adults, ages 18 and older (37.9% were aged 18-39, 36.9% were aged 40-59 years, and 25.2% were aged 60 and older). 50.6% of participants were women, 10.7% of participants self-reported their race as non-Hispanic Black, and 89.3% self-reported they were from other racial and ethnic groups.
    	Participants were categorized into four subgroups based on presence or absence of high blood pressure ([?]130/80 mm Hg) and whether they were using blood pressure lowering medication: 1) high blood pressure that was treated and controlled; 2) high blood pressure that was treated and not controlled; 3) untreated high blood pressure; and 4) those with normal blood pressure.
    	Salt types were classified as ordinary salt (iodized salt, sea salt, kosher salt), salt substitute (potassium-enriched or other salt substitute) and no salt use.
    	An additional analysis was conducted on a subgroup of individuals eligible to use salt substitutes -- those with healthy kidney function (estimated glomerular filtration rate [?] 60) and not taking medications or supplements that affect blood potassium levels.
    	The frequency of eating at restaurants to assess its influence on salt substitute use was also evaluated.
    	All analyses incorporated NHANES sampling weights and complex survey design.

Research Highlights:
    	Despite their effectiveness in lowering sodium intake and managing blood pressure, salt substitutes were rarely used by people with high blood pressure, according to a review of almost 20 years of U.S. health survey data.
    	Researchers recommend increasing awareness of salt substitutes as a strategy to help effectively treat blood pressure, especially for individuals with difficult-to-treat or treatment-resistant high blood pressure.
    	The study is supported by a grant from the National Institutes of Health.
    	Note: The study featured in this news release is a research abstract. Abstracts presented at American Heart Association's scientific meetings are not peer-reviewed, and the findings are considered preliminary until published as a full manuscript in a peer-reviewed scientific journal.
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Smoking's hidden gut bacteria trick may lead to new colitis treatments | ScienceDaily
Researchers led by Hiroshi Ohno at the RIKEN Center for Integrative Medical Sciences (IMS) in Japan have discovered why smoking tobacco helps people suffering from ulcerative colitis, a chronic disease typified by inflammation of the large intestine. Published in the scientific journal Gut, the study shows that smoking produces metabolites that encourage bacteria from the mouth to grow in the large intestines where they trigger an immune response. These findings imply that protection against ulcerative colitis can be achieved through prebiotics like hydroquinone or probiotic therapy with bacteria like Streptococcus mitis, thus eliminating the need to smoke and all the associated risks for other diseases.


						
Inflammatory bowel disease comes in two main varieties, Crohn's disease and ulcerative colitis. Although both cause chronic abdominal pain, diarrhea, fatigue and weight loss, their causes and the exact type and location of the inflammation differ. Along with these differences is a mystery that has puzzled doctors and scientists for over 40 years; smoking increases the risk of Crohn's disease but somehow protects against ulcerative colitis. As both diseases are related to gut inflammation -- which is an immune response -- and gut immunity depends in part on the types of bacteria in the gut, Ohno and his team at RIKEN IMS set out to investigate whether the differential effects of smoking on these diseases can be explained by gut bacteria.

The researchers used a combination of human clinical data and experiments with mice to reach their conclusions. Among those with ulcerative colitis, they found that smokers had certain bacteria usually found in the mouth, such as Streptococcus, growing in the gut, specifically in the colonic mucosa that cover the inner lining of the intestines. This phenomenon did not occur in ex-smokers. Thus, while these bacteria normally pass all the way through the digestive system as we swallow saliva throughout the day, smoking somehow allows them to settle down in the gut mucosa.

The next question was why? The researchers also examined gut metabolites -- small substances produced in the gut when food is broken down and processed by the body and gut bacteria. They found that levels of several gut metabolites were higher in smokers with ulcerative colitis than in ex-smokers with colitis. In mice, the researchers found that one of these metabolites, called hydroquinone, promoted the growth of Streptococcus in the gut mucosa. So, smoking-related metabolites like hydroquinone allow mouth bacteria like Streptococcus to flourish in the mucus layer that covers the inner lining of the intestines. But how do these bacteria help reduce inflammation? And why don't they help in Crohn's disease?

The researchers then went back to the oral bacteria that they had discovered was growing in the gut mucosa of smokers with ulcerative colitis, and isolated 10 strains from the saliva of smokers. When they treated mouse models of Crohn's disease and ulcerative colitis with each of these 10 strains for five days, they found that giving the mice Streptococcusmitis had almost the same effect as smoking. Inflammation was reduced in mice with ulcerative colitis and exacerbated in mice with Crohn's disease.

Analysis showed that S. mitis triggered the emergence of helper Th1 cells, which are an important part of the gut's immune response to invaders. In Crohn's disease this likely worsens the condition because the original inflammation is actually caused by these same helper Th1 cells. But in colitis, the Th1 cells fight against an initial Th2-immune response, and this ends up reducing inflammation.

As smoking poses high risks for cancer, heart disease, and many other illnesses, it is not a sustainable treatment for ulcerative colitis. "Our results indicate the relocation of bacteria from the mouth to the gut, particularly those of the Streptococcus genus, and the subsequent immune response in the gut, is the mechanism through which smoking helps protect against the disease," says Ohno. "Logically, direct treatment with this kind of bacteria, or indirect treatment with hydroquinone, is thus likely to mimic the beneficial effects of smoking but avoid all the negative effects."
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Scientists finally reveal the hidden mechanism linking alcohol to fatty liver | ScienceDaily
Mayo Clinic researchers have pinpointed how excessive alcohol consumption contributes to fatty liver disease, a condition that affects more than one in three people in the U.S. Also known as Metabolic Dysfunction Associated Steatotic Liver Disease, it is a long-lasting disease that can lead to type 2 diabetes and even liver cancer. Excessive alcohol can contribute to this fatty disease as well -- and Mayo Clinic researchers recently discovered a reason why.


						
The researchers found that exposure to excessive alcohol alters an important enzyme that recycles damaged proteins.

How the liver works

The liver is the primary filter for everything you ingest. Liver cells, or hepatocytes, support this organ's giant job by releasing dozens of various proteins while collecting, sorting, degrading and recycling nearly everything that passes through this massive, sieve-like organ. Fat coming from the gut, for example, is absorbed then stored in hepatocytes as lipid droplets, which are globular structures that store fat. The body can use these lipid droplets as an energy source, especially during periods of fasting. However, too many lipid droplets can lead to fatty liver disease.

The researchers found the key lies with an important enzyme called the valosin-containing protein (VCP). VCP plays a role in many important processes including recycling unwanted proteins and is found in cells throughout the body.

"We were surprised to see VCP removing a specific protein from the surface of the lipid droplet. When that particular protein called HSD17b13 accumulates, the fat content in liver cells balloons and contributes to fatty liver disease," says Mark McNiven, Ph.D., senior author on the study, which was published and highlighted in the Journal of Cell Biology.

In people without fatty liver disease, the enzyme, VCP, appears to keep the protein, HSD17b13, in check to prevent lipid droplets from over-accumulating in the liver cells.




However, the researchers found that exposure to excessive alcohol removes VCP almost completely from the lipid droplet surface, allowing HSD17b13 to significantly accumulate.

The researchers also saw and captured the elaborate recycling mechanism of VCP. They witnessed VCP working with a chaperone protein to deliver damaged proteins to an organelle called a lysosome, which then broke apart the unwanted proteins.

"It was astounding to see this. We tried several experiments to confirm what we were seeing, and every result indicated VCP directs the HSD17b13 protein from the lipid droplet to the lysosome," says Sandhya Sen, Ph.D., a Mayo Clinic research fellow and lead author of the study.

Their findings mean HSD17b13 is a target for potential new therapies to prevent or treat fatty liver disease, says Dr. McNiven.

"This study increases our understanding of the biology of lipid droplets, the central culprit of fatty liver, and how the hepatocyte works in an effort to reduce its fat content," Dr. McNiven says. "It also could help predict which patients are prone to the detrimental effect of excessive alcohol consumption on their liver if this cellular system is compromised."

The research is part of a larger effort at Mayo Clinic called the Precure initiative focused on developing tools that empower clinicians to predict and intercept biological processes before they evolve into disease or progress into complex, hard-to-treat conditions.

Review the study for a complete list of authors, disclosures and funding.
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Alcohol's hidden shortcut lets gut bacteria wreck the liver | ScienceDaily
Alcohol-associated liver disease (ALD) is a major cause of liver transplantation and death worldwide, and its impact is only growing. In 2022, the annual cost of ALD in the United States was $31 billion. By 2040, this number could be as high as $66 billion. ALD has limited therapeutic options, so scientists are looking for new ways to target the molecular biology of ALD to help prevent its occurrence or reduce its severity.


						
Now, scientists at University of California San Diego School of Medicine have found that chronic alcohol use impairs the production of a key cellular signaling protein that helps keep gut bacteria within the gut. Without this guardrail in place, bacteria from the gut can more easily migrate to the liver, exacerbating liver damage caused by alcohol. Targeting this mechanism with existing drugs could provide one approach to minimizing the liver damage from alcohol use and reducing the burden of ALD.

Studying a combination of human liver biopsies and mouse models of ALD, the researchers found:
    	Chronic alcohol use reduced the expression of muscarinic acetylcholine receptor M4 (mAChR4), a key cellular communication protein in the gut.
    	Reduced mAChR4 expression hindered the formation of goblet cell-associated antigen passages (GAPs), specialized structures that teach the immune system to promote antimicrobial immunity, thereby preventing harmful bacteria from migrating to the liver.
    	Restoring mAChR4 function, either by chemically activating mAChR4 or by targeting related signaling pathways allowed GAPs to form and conferred resistance to ALD.

While the researchers focused on the role of mAChR4 in the gut, this cellular signaling protein is also known to play a critical role in sections of the brain that regulate habits, learning and addiction. This treatment approach may also have wider implications for alcohol-related disorders, because the expression of mAChR4 is known to be lower in the brains of patients with alcohol use disorder (AUD). Drugs that target mAChR4 are currently in clinical trials for schizophrenia, and the researchers suggest that these drugs could be readily repurposed for ALD and AUD. However, further research is required to demonstrate this potential.

The study, published in the journal Nature, was led by Cristina Llorente, Ph.D., Michael Karin, Ph.D., and Bernd Schnabl, M.D., at UC San Diego School of Medicine. The study was funded, in part, by the National Institutes of Health (grants R01 AA029106, R21 AA030654, P30 AR073761, D34 HP31027, P50 AA011999) and the American Association for the Study of Liver Diseases (award 8998GA). Bernd Schnabl has consulted for Ferring Research Institute, HOST Therabiomics, Intercept Pharmaceuticals, Mabwell Therapeutics, Patara Pharmaceuticals, Surrozen, and Takeda. He is also the founder of Nterica Bio.
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Wildfire smoke could kill 70,000 Americans a year by 2050 | ScienceDaily
Wildfires burning across Canada and the Western United States are spewing smoke over millions of Americans - the latest examples of ashy haze becoming a regular experience, with health impacts far greater than scientists previously estimated.


						
Although wildfires have long been part of life in the Western U.S., warmer, drier conditions are fueling bigger blazes that occur more often and for longer. Smoke from these blazes is spreading farther and lingering longer than in the past. In a Sept. 18 study in Nature, Stanford University researchers estimate that continued global warming could lead to about 30,000 additional deaths each year nationwide by 2050, as climate-driven increases in fire activity generate more smoke pollution across North America.

"There's a broad understanding that wildfire activity and wildfire smoke exposure are changing quickly. This is a lived experience, unfortunately, for folks on the West Coast over the last decade and folks on the East Coast in the last few years," said senior study author Marshall Burke, a professor of environmental social sciences in the Stanford Doerr School of Sustainability. "Our paper puts some numbers on what that change in exposure means for health outcomes, both now and in the future as the climate warms."

The researchers found no U.S. community is safe from smoke exposure. When monetized, deaths related to wildfire smoke could reach $608 billion in annual damages by 2050 under a business-as-usual emissions scenario where global temperatures rise about 2 degrees Celsius above pre-industrial levels. That estimated toll surpasses current estimates of economic costs from all other climate-driven damages in the U.S. combined, including temperature-related deaths, agricultural losses, and storm damage.

"What we see, and this is consistent with what others find, is a nationwide increase in wildfire smoke," said lead study author Minghao Qiu, an assistant professor at Stony Brook University who worked on the study as a postdoctoral researcher in Burke's lab. "There are larger increases on the West Coast, but there's also long-range transport of wildfire smoke across the country, including massive recent smoke events in the Eastern and Midwestern U.S. from Canadian fires."

Uniquely dangerous pollution

Deaths from wildfire smoke result from inhaling a complex mix of chemicals. Wildfires can expose large numbers of people to these toxic pollutants for days or weeks at a time, contributing to deaths up to three years after the initial exposure, according to the new study.




Within wildfire smoke pollution, researchers often focus on fine particulate matter, known as PM2.5, which penetrates the lungs and enters the bloodstream. While the health effects of PM2.5 from other sources are well studied, less is known about the specific dangers of PM2.5 from wildfire smoke. Some recent research shows that wildfire smoke can contain a range of toxic chemicals harmful to human health. Qiu, Burke, and colleagues used U.S. death records to assess these additional risks from smoke.

The researchers combined county-level data on all recorded U.S. deaths from 2006 to 2019 with measurements of ground-level smoke emissions, wind variation, and the movement of airborne particulate matter, using machine learning to predict how wildfire emissions changes in one area affected smoke concentrations in another. They linked changes in smoke concentrations to variation in historical mortality and used global climate models to project future fire activity, smoke levels, and health impacts under different warming scenarios through 2050.

The results show that excess deaths from smoke PM2.5 exposure under a business-as-usual emissions scenario could increase more than 70% to 70,000 per year from roughly 40,000 annual deaths attributed to smoke from 2011 to 2020. The largest projected increases in annual smoke exposure deaths occur in California (5,060 additional deaths), New York (1,810), Washington (1,730), Texas (1,700), and Pennsylvania (1,600).

Understanding climate impacts

By quantifying economic damage from smoke-related deaths, the findings uncover a hidden tax on families and businesses. The researchers found that even if the world cuts emissions rapidly enough to stabilize global temperatures below 2 C by the end of the century, deaths from climate-driven smoke exposure in the U.S. alone would likely still exceed 60,000 per year by 2050.

"If you look at the leading climate impact assessment tools that are used to inform policy, none of them incorporate how changes in climate could influence wildfire smoke and related human mortality," Qiu said. "Our study shows climate models are missing a huge part of the climate impacts in the U.S. - it's like leaving the main character out of a movie."

A shared burden




Actions by public health officials and communities can mitigate this growing threat. For example, investing in better indoor air filtration can help reduce exposure for vulnerable individuals or communities. Prescribed burns or other fuels management approaches can help to reduce the severity of wildfires and resulting smoke waves.

"Our understanding of who is vulnerable to this exposure is much broader than we thought," Burke said. "It's pregnant people, it's kids in schools, it's anyone with asthma, it's people with cancer. We look at one specific health outcome in this study - mortality - and unfortunately find a shared burden of exposure for individuals across the U.S."

Burke is also a professor (by courtesy) of Earth system science; deputy director at the Center on Food Security and the Environment; and a senior fellow with the Stanford Institute for Economic Policy Research (SIEPR), the Woods Institute for the Environment, and the Freeman Spogli Institute for International Studies. 

Additional Stanford co-authors include Jessica Li, a research data analyst at the Center on Food Security and the Environment; Renzhi Jing, a postdoctoral researcher in primary care and population policy; Makoto Kelp, a postdoctoral researcher in Earth system science; Jeff Wen, a PhD student in Earth system science; Mathew Kiang, assistant professor of epidemiology and population health; Sam Heft-Neal, a senior research scholar at the Center on Food Security and the Environment; and Noah Diffenbaugh, the Kara J Foundation Professor and Kimmelman Family Senior Fellow. Other study co-authors are from the University of California, San Diego, the University of Washington, Princeton University, the National Oceanic and Atmospheric Administration, and the National Bureau of Economic Research.

This research was supported by the Keck Foundation, Stanford's Center for Innovation in Global Health, Stony Brook University, the Harvard University Center for the Environment, and the Stanford Research Computing Center.
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Scientists discover microplastics deep inside human bones | ScienceDaily
The production and use of over 400 million tons of plastic each year has polluted beaches, rivers, and even the deepest parts of the ocean, reaching depths of up to 11,000 meters. In addition to visible environmental impacts, plastic contributes to climate change. It is estimated that plastic production generates 1.8 billion tons of greenhouse gases per year. Scientific evidence also suggests that using plastic materials in everyday life has impacted human health.


						
A large number of plastic particles detach from curtains, furniture, clothing, and other plastic objects. These particles remain suspended in the air, dissolve in drinking water, adhere to food, and can be inhaled, ingested, or come into contact with people's skin. Consequently, scientists have found microplastics in blood, the brain, the placenta, breast milk, and human bones.

A study linked to a research project supported by FAPESP and published in the journal Osteoporosis International reviewed 62 scientific articles and found that microplastics have also been harming bone health in various ways. One notable example is their ability to impair the function of bone marrow stem cells by promoting the formation of osteoclasts, which are multinucleated cells that degrade tissue through a process known as bone resorption.

"The potential impact of microplastics on bones is the subject of scientific studies and isn't negligible. For example, in vitro studies with bone tissue cells have shown that microplastics impair cell viability, accelerate cell aging, and alter cell differentiation, in addition to promoting inflammation," says Rodrigo Bueno de Oliveira, coordinator of the Laboratory for Mineral and Bone Studies in Nephrology (LEMON) at the Faculty of Medical Sciences of the State University of Campinas (FCM-UNICAMP), in the state of Sao Paulo, Brazil.

Oliveira reports that studies on animals have found that accelerated osteoclast senescence can compromise bone microstructure, causing dysplasia. This can lead to bone weakening, deformities, and potentially pathological fractures. "In this study, the adverse effects observed culminated, worryingly, in the interruption of the animals' skeletal growth," says the researcher.

Oliveira further explains that, although the effects of these particles on bone mechanics are not yet fully understood, the data suggest that the presence of the material in the bloodstream, for example, may compromise bone health. "Most strikingly, a significant body of research suggests that microplastics can reach deep into bone tissue, such as bone marrow, and potentially cause disturbances in its metabolism," he says.

Connection

Not surprisingly, Oliveira's team is starting a research project to verify in practice what seems perfectly possible in theory: the relationship between exposure to microplastics and the worsening of metabolic bone diseases. Using animal models, the scientists will study the impact of microplastics on the strength of rodent femurs.

According to the International Osteoporosis Foundation (IOF), the prevalence of osteoporosis-related fractures is increasing worldwide due to the aging population. It is estimated that there will be a 32% increase in osteoporosis-related fractures by 2050.

"Improving quality of life and reducing the risk of bone complications, such as fractures, is a priority in healthcare. We already know that practices such as physical exercise, a balanced diet, and pharmacological treatments contribute significantly to this. However, although osteometabolic diseases are relatively well understood, there's a gap in our knowledge regarding the influence of microplastics on the development of these diseases. Therefore, one of our goals is to generate evidence suggesting that microplastics could be a potential controllable environmental cause to explain, for example, the increase in the projected number of bone fractures," says Oliveira.
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Could plastic in your food be fueling Azheimer's? | ScienceDaily
Micro- and nanoplastics prevalent in the environment routinely enter the human body through water we drink, foods we eat, and even the air we breathe. Those plastic particles infiltrate all systems of the body, including the brain, where they can accumulate and trigger Alzheimer's-like conditions, according to a new study by researchers in the University of Rhode Island College of Pharmacy.


						
After a previous study that showed how microplastics can infiltrate all systems of the body -- including the blood-brain barrier, which protects the brain from harmful substances as small as viruses and bacteria -- URI pharmacy assistant professor Jaime Ross expanded the study to determine the brain health impacts of the plastic toxins. Her findings indicate that the accumulation of micro- and nanoplastics in the brain can lead to cognitive decline and even Alzheimer's disease, especially in those who carry genetic risk factors.

Ross' latest study, published recently in the journal Environmental Research Communications, examined mice that had been genetically modified to include the naturally occurring gene APOE4, a strong indicator of Alzheimer's risk making people 3.5 times more likely to develop the disease than those who carry the APOE3 variant of the gene that is passed from parents to offspring.

"In these mice, like in people, it's not a guarantee that you're going to see any changes in cognition. You could have identical twins both carrying APOE4, one totally cognitively healthy, and the other could develop Alzheimer's disease," Ross said. "So that tells us there's something about lifestyle, something about the environment going on. There are modifiable factors we're studying related to Alzheimer's-diet, exercise, vitamins, and especially environmental toxins like microplastics. If you carry the APOE4, and you happen to consume a lot of microplastics, will this contribute to Alzheimer's disease?"

To find out, Ross and her team exposed two groups of mice -- one with the APOE4 variant and one with APOE3 -- to micro- and nanoplastics in their drinking water over a period of three weeks. The tiny particles from polystyrene -- among the most abundant plastics in the world, found in Styrofoam take-out containers, plastic cups and more -- infiltrated the mice' organs, including the brain, as expected. The research included a control group from each APOE designation did not receive microplastic exposure.

Ross' team then ran the mice through a series of tests to examine their cognitive ability, beginning with an open-field test, in which researchers put a mouse in a chamber and allow it to explore at will for 90 minutes. Ordinarily, a mouse will hug the walls, naturally attempting to hide from potential predators. However, after microplastic exposure, the APOE4 mice -- especially the male mice -- tended to wander more in the middle of the chamber and spend time in open space, leaving themselves vulnerable to predators.

To test their ability to recognize novel objects, Ross placed mice in an open chamber with two distinct objects. After having time to explore the objects, the mice were removed and returned later, this time with one of the objects replaced with a different shape. The female mice with APOE4 and microplastic exposure were slow to recognize the novel objects, if they did at all, a sign of cognitive decline affecting memory.




"In the first test, you can see the males are spending more time and resting more in the center of the arena. In females, we saw changes in novel object recognition," Ross said. "In human Alzheimer's patients, men tend to experience more changes in apathy; they care less. Women experience more changes in memory. So the memory and the apathy connection are pretty clear: When you expose animals that are carrying the largest known risk factor in humans for developing Alzheimer's disease to micro- and nanopastics, lo and behold, their behavior changes in a sex-dependent manner similar to the sex-dependent differences we see with Alzheimer's patients."

The results are concerning enough to warrant further study into the cognitive decline caused by exposure to micro- and nanoplastics, which are among the most prominent environmental toxins to which people are routinely exposed. (A separate URI study released in 2023 revealed of the extent to which microplastics accumulate in the environment, shockingly finding that the top two inches of the floor of Narragansett Bay contain more than 1,000 tons of microplastics.)

Ross is continuing to expand her research into the topic and encourages others to do so, in the hope of leading to better regulation of the toxins. The Microplastics Safety Act, introduced in the U.S. House of Representatives in July would direct the U.S. Food and Drug Administration to study the human health impacts of microplastics in food and water, specifically focusing on vulnerabilities for children, the endocrine and reproductive systems, and links to cancer and chronic illnesses.

"There has not been a lot of money spent on the human health impacts of microplastics," Ross said, noting she is in regular discussion with the Rhode Island Congressional delegation about the need for regulation. "It's interesting that what we're seeing in mice is similar to what we're seeing in the real world. We want to encourage further research into the scourge of micro- and nanoplastics."
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        Scientists brew "quantum ink" to power next-gen night vision
        Toxic metals are pushing infrared detector makers into a corner, but NYU Tandon researchers have developed a cleaner solution using colloidal quantum dots. These detectors are made like "inks," allowing scalable, low-cost production while showing impressive infrared sensitivity. Combined with transparent electrodes, the innovation tackles major barriers in imaging systems and could bring infrared technology to cars, medicine, and consumer devices.

      

      
        Caltech's massive 6,100-qubit array brings the quantum future closer
        Caltech scientists have built a record-breaking array of 6,100 neutral-atom qubits, a critical step toward powerful error-corrected quantum computers. The qubits maintained long-lasting superposition and exceptional accuracy, even while being moved within the array. This balance of scale and stability points toward the next milestone: linking qubits through entanglement to unlock true quantum computation.

      

      
        A rogue black hole is beaming energy from a nearby dwarf galaxy
        Astronomers detected a black hole displaced nearly a kiloparsec from the center of a dwarf galaxy 230 million light-years away. Unlike most, it is actively feeding and producing radio jets, making it one of the most convincing off-nuclear cases ever confirmed. The discovery reveals that black holes can grow and shape galaxies even when not in the core, reshaping theories of cosmic evolution.

      

      
        The phantom heat of empty space might soon be detectable
        A Hiroshima University team has designed a feasible way to detect the Unruh effect, where acceleration turns quantum vacuum fluctuations into observable particles. By using superconducting Josephson junctions, they can achieve extreme accelerations that create a detectable Unruh temperature. This produces measurable voltage jumps, providing a clear signal of the effect. The breakthrough could transform both fundamental physics and quantum technology.

      

      
        AI-powered smart bandage heals wounds 25% faster
        A new wearable device, a-Heal, combines AI, imaging, and bioelectronics to speed up wound recovery. It continuously monitors wounds, diagnoses healing stages, and applies personalized treatments like medicine or electric fields. Preclinical tests showed healing about 25% faster than standard care, highlighting potential for chronic wound therapy.

      

      
        Scientists crack the explosive secret of how diamonds reach the surface
        Diamonds hitch a ride to the surface through explosive kimberlite eruptions, powered by volatile-rich magmas. New simulations show that carbon dioxide and water are the secret ingredients that make these eruptions possible.

      

      
        10 people who beat 8,000 others to become NASA astronaut candidates
        NASA has chosen 10 new astronaut candidates who will train for missions to the Moon and Mars. Their selection represents a powerful blend of talent and ambition, fueling humanity's next great leaps into space.

      

      
        NASA's Mars rover Curiosity captures stunning details of alien rock formations
        Curiosity is exploring Mars' boxwork terrain, where ridges and hollows may have formed from cementation and erosion. The rover has been documenting rock textures and chemistry, comparing smoother ridge rocks with nodular hollow-edge rocks. Scientists are weighing drill sites while also monitoring dust, clouds, and long-distance features across Gale Crater.

      

      
        The Universe's first magnetic fields were shockingly weak, but changed everything
        Primordial magnetic fields, billions of times weaker than a fridge magnet, may have left lasting imprints on the Universe. Researchers ran over 250,000 simulations to show how these fields shaped the cosmic web, then validated the results with observations. Their study sets a stricter upper limit on the fields' strength, aligning with other data and suggesting important consequences for early star and galaxy formation.

      

      
        AI breakthrough finds life-saving insights in everyday bloodwork
        AI-powered analysis of routine blood tests can reveal hidden patterns that predict recovery and survival after spinal cord injuries. This breakthrough could make life-saving predictions affordable and accessible in hospitals worldwide.

      

      
        Can meditation apps really reduce stress, anxiety, and insomnia?
        Meditation apps are revolutionizing mental health, providing easy access to mindfulness practices and new opportunities for scientific research. With the help of wearables and AI, these tools can now deliver personalized training tailored to individual needs.

      

      
        Sneezing from cats or dust? Safe UV light may neutralize allergens in minutes
        Sneezing from cats, dust mites, or mold may one day be preventable with a flip of a switch. Researchers at CU Boulder found that UV222 light can alter allergen proteins, reducing allergic reactions without dangerous side effects. Within 30 minutes, airborne allergens decreased by up to 25%. The team imagines portable devices that could shield people in homes, schools, and workplaces from harmful triggers.

      

      
        The shocking reason Arctic rivers are turning rusty orange
        Researchers found that ice can trigger stronger chemical reactions than liquid water, dissolving iron minerals in extreme cold. Freeze-thaw cycles amplify the effect, releasing iron into rivers and soils. With climate change accelerating these cycles, Arctic waterways may face major transformations.

      

      
        Scientists finally capture water's hidden state that's both solid and liquid
        Water, though familiar, still hides astonishing secrets. When squeezed into nanosized channels, it can enter a bizarre "premelting state" that is both solid and liquid at once. Using advanced NMR techniques, Japanese researchers directly observed this strange new phase, revealing that confined water molecules move like a liquid while maintaining solid-like order.

      

      
        Tiny new lenses, smaller than a hair, could transform phone and drone cameras
        Scientists have developed a new multi-layered metalens design that could revolutionize portable optics in devices like phones, drones, and satellites. By stacking metamaterial layers instead of relying on a single one, the team overcame fundamental limits in focusing multiple wavelengths of light. Their algorithm-driven approach produced intricate nanostructures shaped like clovers, propellers, and squares, enabling improved performance, scalability, and polarization independence.

      

      
        New crystal camera lets doctors see inside the body like never before
        Scientists have created a perovskite-based gamma-ray detector that surpasses traditional nuclear medicine imaging technology. The device delivers sharper, faster, and safer scans at a fraction of the cost. By combining crystal engineering with pixelated sensor design, it achieves record imaging resolution. Now being commercialized, it promises to expand access to high-quality diagnostics worldwide.

      

      
        Ordinary ice found to have shocking electrical powers
        Scientists have discovered that ordinary ice is a flexoelectric material, capable of generating electricity when bent or unevenly deformed. At very low temperatures, it can even become ferroelectric, developing reversible electric polarization. This could help explain lightning formation in storms and inspire new technologies that use ice as an active material.

      

      
        Could these strange rocks be the first true evidence of life on Mars?
        In Jezero Crater's Bright Angel formation, Perseverance has found rocks rich in organic molecules and minerals linked to microbial metabolism. Their arrangement hints at redox reactions that resemble Earth's life-driven chemistry. While not proof of Martian life, the findings qualify as "potential biosignatures" and make the stored sample a top candidate for return to Earth.

      

      
        Hubble reveals baby stars in a galaxy torn by gravity
        Hubble's latest look at Messier 96 reveals a warped spiral galaxy glowing with rings of stellar birth. The new details shed light on how stars emerge and influence their surroundings.

      

      
        Neutrinos may be the hidden force behind gold and platinum
        When two neutron stars collide, they unleash some of the most powerful forces in the universe, creating ripples in spacetime, showers of radiation, and even the building blocks of gold and platinum. Now, new simulations from Penn State and the University of Tennessee Knoxville reveal that elusive particles called neutrinos--able to shift between different "flavors"--play a crucial role in shaping what emerges from these cataclysmic events.

      

      
        NASA just confirmed its 6,000th alien world. Some are truly bizarre
        NASA has confirmed 6,000 exoplanets, marking a major milestone in humanity's quest to understand other worlds. From gas giants hugging their stars to planets covered in lava or clouds of gemstones, the diversity of discoveries is staggering. With upcoming missions like the Roman Space Telescope and the Habitable Worlds Observatory, scientists are getting closer to detecting Earth-like planets, and possibly signs of life.

      

      
        Scientists just made atoms talk to each other inside silicon chips
        Researchers at UNSW have found a way to make atomic nuclei communicate through electrons, allowing them to achieve entanglement at scales used in today's computer chips. This breakthrough brings scalable, silicon-based quantum computing much closer to reality.

      

      
        This stunning X-ray advance could help detect cancer earlier
        Sandia scientists developed a new type of X-ray that uses patterned multi-metal targets to create colorized, high-resolution images. The technology promises sharper scans, better material detection, and transformative applications in security, manufacturing, and medicine.

      

      
        New cooling breakthrough nearly doubles efficiency
        CHESS thin-film materials nearly double refrigeration efficiency compared to traditional methods. Scalable and versatile, they promise applications from household cooling to space exploration.

      

      
        Shocking study exposes widespread math research fraud
        A sweeping investigation has revealed widespread fraud in mathematics publishing, where commercial metrics and rankings have incentivized the mass production of meaningless or flawed papers. The study highlights shocking distortions--such as a university without a math department ranked as having the most top mathematicians--and the explosion of megajournals willing to publish anything for a fee.

      

      
        Alien water worlds were just a mirage
        A new study challenges the dream of water-rich "Hycean" planets like K2-18b, suggesting that most sub-Neptunes lose their water deep into their interiors during formation. Instead of vast oceans, these worlds likely retain only a few percent of water at the surface.

      

      
        Scientists just found the hidden cosmic fingerprints of dark matter
        Scientists at Rutgers and collaborators have traced the invisible dark matter scaffolding of the universe using over 100,000 Lyman-alpha emitting galaxies. By studying how these galaxies clustered across three eras shortly after the Big Bang, they mapped dark matter concentrations, uncovering cosmic "fingerprints" that reveal how galaxies grow and evolve.

      

      
        Cosmic simulations that once needed supercomputers now run on a laptop
        Astronomers have long relied on supercomputers to simulate the immense structure of the Universe, but a new tool called Effort.jl is changing that. By mimicking the behavior of complex cosmological models, this emulator delivers results with the same accuracy -- and sometimes even finer detail -- in just minutes on a standard laptop. The breakthrough combines neural networks with clever use of physical knowledge, cutting computation time dramatically while preserving reliability.

      

      
        Lasers just made atoms dance, unlocking the future of electronics
        Scientists at Michigan State University have discovered how to use ultrafast lasers to wiggle atoms in exotic materials, temporarily altering their electronic behavior. By combining cutting-edge microscopes with quantum simulations, they created a nanoscale switch that could revolutionize smartphones, laptops, and even future quantum computers.
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Scientists brew "quantum ink" to power next-gen night vision | ScienceDaily
Manufacturers of infrared cameras face a growing problem: the toxic heavy metals in today's infrared detectors are increasingly banned under environmental regulations, forcing companies to choose between performance and compliance.


						
This regulatory pressure is slowing the broader adoption of infrared detectors across civilian applications, just as demand in fields like autonomous vehicles, medical imaging and national security is accelerating.

In a paper published in ACS Applied Materials & Interfaces, researchers at NYU Tandon School of Engineering reveal a potential solution that uses environmentally friendly quantum dots to detect infrared light without relying on mercury, lead, or other restricted materials.

The researchers use colloidal quantum dots which upends the age-old, expensive, and tedious processing of infrared detectors. Traditional devices are fabricated through slow, ultra-precise methods that place atoms almost one by one across the pixels of a detector -- much like assembling a puzzle piece by piece under a microscope.

Colloidal quantum dots are instead synthesized entirely in solution, more like brewing ink, and can be deposited using scalable coating techniques similar to those used in roll-to-roll manufacturing for packaging or newspapers. This shift from painstaking assembly to solution-based processing dramatically reduces manufacturing costs and opens the door to widespread commercial applications.

"The industry is facing a perfect storm where environmental regulations are tightening just as demand for infrared imaging is exploding," said Ayaskanta Sahu, associate professor in the Department of Chemical and Biomolecular Engineering (CBE) at NYU Tandon and the study's senior author. "This creates real bottlenecks for companies trying to scale up production of thermal imaging systems."

Another challenge the researchers addressed was making the quantum dot ink conductive enough to relay signals from incoming light. They achieved this using a technique called solution-phase ligand exchange, which tailors the quantum dot surface chemistry to enhance performance in electronic devices. Unlike traditional fabrication methods that often leave cracked or uneven films, this solution-based process yields smooth, uniform coatings in a single step -- ideal for scalable manufacturing.




The resulting devices show remarkable performance: they respond to infrared light on the microsecond timescale -- for comparison, the human eye blinks at speeds hundreds of times slower -- and they can detect signals as faint as a nanowatt of light.

"What excites me is that we can take a material long considered too difficult for real devices and engineer it to be more competitive," said graduate researcher Shlok J. Paul, lead author on the study. "With more time this material has the potential to shine deeper in the infrared spectrum where few materials exist for such tasks."

This work adds to earlier research from the same lead researchers that developed new transparent electrodes using silver nanowires. Those electrodes remain highly transparent to infrared light while efficiently collecting electrical signals, addressing one component of the infrared camera system.

Combined with their earlier transparent electrode work, these developments address both major components of infrared imaging systems. The quantum dots provide environmentally compliant sensing capability, while the transparent electrodes handle signal collection and processing.

This combination addresses challenges in large-area infrared imaging arrays, which require high-performance detection across wide areas and signal readout from millions of individual detector pixels. The transparent electrodes allow light to reach the quantum dot detectors while providing electrical pathways for signal extraction.

"Every infrared camera in a Tesla or smartphone needs detectors that meet environmental standards while remaining cost-effective," Sahu said. "Our approach could help make these technologies much more accessible."

The performance still falls short of the best heavy-metal-based detectors in some measurements. However, the researchers expect continued advances in quantum dot synthesis and device engineering could reduce this gap.

In addition to Sahu and Paul, the paper's authors are Letian Li, Zheng Li, Thomas Kywe, and Ana Vataj, all from NYU Tandon CBE. The work was supported by the Office of Naval Research and the Defense Advanced Research Projects Agency.
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Caltech's massive 6,100-qubit array brings the quantum future closer | ScienceDaily
Quantum computers will need large numbers of qubits to tackle challenging problems in physics, chemistry, and beyond. Unlike classical bits, qubits can exist in two states at once -- a phenomenon called superposition. This quirk of quantum physics gives quantum computers the potential to perform certain complex calculations better than their classical counterparts, but it also means the qubits are fragile. To compensate, researchers are building quantum computers with extra, redundant qubits to correct any errors. That is why robust quantum computers will require hundreds of thousands of qubits.


						
Now, in a step toward this vision, Caltech physicists have created the largest qubit array ever assembled: 6,100 neutral-atom qubits trapped in a grid by lasers. Previous arrays of this kind contained only hundreds of qubits.

This milestone comes amid a rapidly growing race to scale up quantum computers. There are several approaches in development, including those based on superconducting circuits, trapped ions, and neutral atoms, as used in the new study.

"This is an exciting moment for neutral-atom quantum computing," says Manuel Endres, professor of physics at Caltech. "We can now see a pathway to large error-corrected quantum computers. The building blocks are in place." Endres is the principal investigator of the research published on September 24 in Nature. Three Caltech graduate students led the study: Hannah Manetsch, Gyohei Nomura, and Elie Bataille.

The team used optical tweezers -- highly focused laser beams -- to trap thousands of individual cesium atoms in a grid. To build the array of atoms, the researchers split a laser beam into 12,000 tweezers, which together held 6,100 atoms in a vacuum chamber. "On the screen, we can actually see each qubit as a pinpoint of light," Manetsch says. "It's a striking image of quantum hardware at a large scale."

A key achievement was showing that this larger scale did not come at the expense of quality. Even with more than 6,000 qubits in a single array, the team kept them in superposition for about 13 seconds -- nearly 10 times longer than what was possible in previous similar arrays -- while manipulating individual qubits with 99.98 percent accuracy. "Large scale, with more atoms, is often thought to come at the expense of accuracy, but our results show that we can do both," Nomura says. "Qubits aren't useful without quality. Now we have quantity and quality."

The team also demonstrated that they could move the atoms hundreds of micrometers across the array while maintaining superposition. The ability to shuttle qubits is a key feature of neutral-atom quantum computers that enables more efficient error correction compared with traditional, hard-wired platforms like superconducting qubits.




Manetsch compares the task of moving the individual atoms while keeping them in a state of superposition to balancing a glass of water while running. "Trying to hold an atom while moving is like trying to not let the glass of water tip over. Trying to also keep the atom in a state of superposition is like being careful to not run so fast that water splashes over," she says.

The next big milestone for the field is implementing quantum error correction at the scale of thousands of physical qubits, and this work shows that neutral atoms are a strong candidate to get there. "Quantum computers will have to encode information in a way that's tolerant to errors, so we can actually do calculations of value," Bataille says. "Unlike in classical computers, qubits can't simply be copied due to the so-called no-cloning theorem, so error correction has to rely on more subtle strategies."

Looking ahead, the researchers plan to link the qubits in their array together in a state of entanglement, where particles become correlated and behave as one. Entanglement is a necessary step for quantum computers to move beyond simply storing information in superposition; entanglement will allow them to begin carrying out full quantum computations. It is also what gives quantum computers their ultimate power -- the ability to simulate nature itself, where entanglement shapes the behavior of matter at every scale. The goal is clear: to harness entanglement to unlock new scientific discoveries, from revealing new phases of matter to guiding the design of novel materials and modeling the quantum fields that govern space-time.

"It's exciting that we are creating machines to help us learn about the universe in ways that only quantum mechanics can teach us," Manetsch says.

The new study, "A tweezer array with 6100 highly coherent atomic qubits," was funded by the Gordon and Betty Moore Foundation, the Weston Havens Foundation, the National Science Foundation via its Graduate Research Fellowship Program and the Institute for Quantum Information and Matter (IQIM) at Caltech, the Army Research Office, the U.S. Department of Energy including its Quantum Systems Accelerator, the Defense Advanced Research Projects Agency, the Air Force Office for Scientific Research, the Heising-Simons Foundation, and the AWS Quantum Postdoctoral Fellowship. Other authors include Caltech's Kon H. Leung, the AWS Quantum senior postdoctoral scholar research associate in physics, as well as former Caltech postdoctoral scholar Xudong Lv, now at the Chinese Academy of Sciences.
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A rogue black hole is beaming energy from a nearby dwarf galaxy | ScienceDaily
Traditionally, black holes are usually thought to "reside" at the centers of galaxies. However, a research team led by Dr. AN Tao from the Shanghai Astronomical Observatory of the Chinese Academy of Sciences has discovered a wandering black hole in a dwarf galaxy located about 230 million light-years away (redshift z = 0.017).


						
Unlike typical black holes, this one is not located at the galactic center, but rather, it is offset by nearly one kiloparsec and is launching radio jets. This off-nuclear, in-situ, accreting black hole with jets, found in a nearby dwarf galaxy, is one of the closest and most convincing cases confirmed thus far.

The discovery, published online in Science Bulletin on September 4, strengthens the idea that black hole growth is not limited to galactic centers, offering a new perspective on how supermassive black holes could have grown so rapidly in the early universe.

Black Holes Are Not Always in Galactic Centers

In the common picture of the cosmos, black holes are often regarded as the "hearts" of galaxies. However, an increasing number of observations show that some black holes do not remain obediently at the galactic center. Instead, they are displaced, roaming through the galactic disk or outskirts. These displaced black holes are called wandering black holes, like lost travelers drifting across the universe.

Why look for them in dwarf galaxies? Dwarf galaxies have smaller masses and relatively simpler evolutionary histories. They act as "cosmic fossils" that preserve clues about the early growth of black holes. Theory predicts that gravitational recoil after galaxy mergers, or interactions involving multiple bodies, can easily kick black holes out of the shallow gravitational wells of dwarf galaxies, leaving them wandering thousands of light-years away. Some simulations even suggest that a considerable fraction of dwarf-galaxy black holes may be displaced by nearly a kiloparsec (about 3,000 light-years). Yet for a long time, direct and unambiguous observational evidence has been lacking.

New Discovery: A "Radio-loud Wandering Black Hole" in a Dwarf Galaxy

The researcher led by Dr. AN focused on a dwarf galaxy named MaNGA 12772-12704, located only about 230 million light-years away (z [?] 0.017) from the Earth. Using integral field unit data from the Mapping Nearby Galaxies at Apache Point Observatory (MaNGA) survey, they found that this galaxy exhibits weak active galactic nucleus (AGN) signatures. Although its overall morphology is regular and shows no obvious signs of merging or a double AGN, one key feature stood out: the associated radio emission is offset from the geometric center of the galaxy by nearly one kiloparsec (kpc).




Follow-up observations with the Very Long Baseline Array (VLBA) at 1.6 and 4.9 GHz revealed that the source lies 2.68 arcseconds away from the galactic center (corresponding to 0.94 kpc), with a radio core brightness temperature exceeding one billion kelvins. At 1.6 GHz, they detected a jet structure extending about 2.2 parsec (7.2 light-years) southeastward. These are typical AGN features.

Furthermore, by analyzing archival data spanning 1993-2023, the researchers discovered that the source exhibits irregular, long-term variability, becoming brighter and dimmer over decades. This behavior is consistent with sustained, in-situ accretion onto a black hole, and clearly distinct from the monotonically decreasing typical of supernova remnants, effectively ruling out such "impostors." Based on the stellar mass of the host galaxy, the black hole's mass is estimated to be about 300,000 times that of the Sun, placing it in the intermediate-mass black hole (IMBH) category.

Together, they confirmed that this is indeed an actively accreting, off-nuclear black hole with jets -- currently the nearest and most robustly confirmed case of its kind. "This is like a cosmic lighthouse lit by a wandering black hole, although it has strayed from the galactic center, it still shines outward with powerful energy," said Dr. LIU Yuanqi, a co-author of the study.

Rarity: Why Is This One So Important?

From a broader statistical perspective, this discovery is particularly striking. Out of more than 3,000 MaNGA dwarf galaxies, 628 showed possible AGN activity, and about 62% appeared offset from their optical centers. Only MaNGA 12772-12704 satisfied the "triple solid evidence" criteria: a compact high-brightness core, parsec-scale jets, and decades-long variability. This suggests that off-nuclear phenomena may not be uncommon. However, a "candidate" does not equal a confirmed detection.

"In dwarf galaxies especially, it is extremely difficult to obtain clear observational evidence for wandering AGN," said Dr. Mar Mezcua, a co-author of the study from the Institute of Space Sciences of Spain.




Scientific Breakthrough: A New Path for Black Hole Growth

The prevailing view has long been that supermassive black holes primarily grow at galactic centers, rapidly feeding on central gas reservoirs. This study, however, demonstrates that an intermediate-mass black hole located outside the galactic nucleus can also sustain accretion and produce jets. These findings provide direct observational support for the idea that distributed feeding and multi-site growth as a potential pathway for the rapid formation of supermassive black holes in the early universe.

"This discovery prompts us to rethink black hole-galaxy co-evolution. Black holes are not only central 'engines', they may also quietly reshape their host galaxies from the outskirts," said Dr. AN.

Even when located in a galaxy's "suburbs," wandering black holes can inject energy into the surroundings through powerful outflows, influencing galactic dynamics and star formation.

Outlook: Unveiling the Cosmic Population of "Invisible" Black Holes

This study transforms wandering black holes from theoretical speculation into direct observational reality. With the advent of next-generation telescopes, such "lost black holes" may no longer be rare. In the near future, extremely large optical telescopes will measure galactic centers and structures with higher precision. Meanwhile, deep, high-resolution radio surveys using facilities such as the Five-hundred-meter Aperture Spherical Telescope (FAST) core array and Square Kilometre Array will detect even fainter radio signals, potentially resolving sub-parsec-scale micro-jets. These advances will lead to breakthroughs in confirming and statistically studying off-nuclear black holes.

Perhaps, one day, we will recognize that wandering black holes are not rare at all, but rather silent travelers at the edges of galaxies, quietly shaping their hosts' cosmic evolution.

This study was supported by the National SKA Program of China, and the National Natural Science Foundation of China, among others.
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The phantom heat of empty space might soon be detectable | ScienceDaily
Researchers at Hiroshima University have developed a realistic, highly sensitive method to detect the Unruh effect -- a long-predicted phenomenon at the crossroads of relativity and quantum theory. Their novel approach opens new possibilities for exploring fundamental physics and for developing advanced technologies.


						
The work was recently published in Physical Review Letters.

The Fulling-Davies-Unruh effect, or simply the Unruh effect, is a striking theoretical prediction at the profound intersection of Albert Einstein's Theory of Relativity and Quantum Theory. "In quantum theory, even the vacuum seethes with tiny energy fluctuations, where particles and antiparticles briefly appear and vanish. Remarkably, the Unruh effect shows how these 'vacuum ripples' are perceived depends on the observer's motion. A stationary observer sees nothing, but an observer undergoing acceleration perceives them as real particles with a thermal energy distribution -- a 'quantum warmth'," said Noriyuki Hatakenaka, professor emeritus at Hiroshima University.

The counterintuitive result emphasizes the important connection between these two pillars of modern physics. If scientists could experimentally verify the Unruh effect, it would not only bridge the gap between general relativity and quantum mechanics but also provide profound insights into the nature of spacetime itself. Yet the experimental verification of the Unruh effect has been a long-standing and significant challenge in fundamental physics.

"The core problem has been the extraordinarily large accelerations -- on the order of 1020 m/s2 -- required to make this effect detectable, rendering its observation practically impossible with current technology at least in linear acceleration systems," said Haruna Katayama, assistant professor at Hiroshima University.

The researchers at Hiroshima University have proposed a promising approach to observe the Unruh effect. "Our work aims to overcome this fundamental hurdle by proposing a novel and feasible experimental method. We utilize the circular motion of metastable fluxon-antifluxon pairs within coupled annular Josephson junctions," said Hatakenaka. Advances in superconducting microfabrication allow the creation of circuits with extremely small radii, enabling immensely high effective accelerations and producing an Unruh temperature of a few kelvin -- high enough to be experimentally detectable with current technology.

"We have proposed a realistic, highly sensitive, and unambiguous method to detect the elusive Unruh effect. Our proposed system offers a clear pathway to experimentally observe this 'phantom heat' of acceleration for the first time," said Katayama. In their innovative setup, the "quantum warmth" induced by the circular acceleration causes fluctuations that trigger the splitting of the metastable fluxon-antifluxon pairs. Crucially, this splitting event manifests as a clear, macroscopic voltage jump across the superconducting circuit. This voltage jump serves as an undeniable and easily measurable signal, providing a direct and robust signature of the Unruh effect's presence. By statistically analyzing the distribution of these voltage jumps, the researchers can precisely measure the Unruh temperature with high accuracy.




"One of the most surprising aspects is that microscopic quantum fluctuations can induce sudden, macroscopic voltage jumps, making the elusive Unruh effect directly observable. Even more striking, the switching distribution shifts solely with acceleration while all other parameters remain fixed -- a clear statistical fingerprint of the Unruh effect itself," said Hatakenaka.

Looking ahead, Katayama said, "Our immediate next step is to conduct a detailed analysis of the decay processes of the fluxon-antifluxon pairs. This includes thoroughly investigating the role of macroscopic quantum tunneling, a quantum-mechanical phenomenon where particles can pass through potential barriers, which was not extensively explored in this initial work. Understanding these intricate decay mechanisms will be crucial for refining the experimental detection of the Unruh effect."

Their ultimate goal in this research is multifaceted. Beyond the immediate detection, they aim to investigate potential connections between this phenomenon and other quantum fields coupled to their detector. "By deepening our understanding of these novel quantum phenomena, we hope to contribute significantly to the search for a unified theory of all physical laws," said Hatakenaka.

The researchers note that the highly sensitive and broad-range detection capabilities developed in this research hold immense promise for paving the way for future applications, particularly in the field of advanced quantum sensing technologies. "We aspire for this work to open new avenues in fundamental physics and to inspire further exploration into the true nature of spacetime and quantum reality," said Katayama.

The research team includes Noriyuki Hatakenaka, professor emeritus in the Graduate School of Advanced Science and Engineering at Hiroshima University, and Haruna Katayama, assistant professor in the Graduate School of Advanced Science and Engineering at Hiroshima University.

This work was supported by JSPS KAKENHI Grants and by the HIRAKU-Global Program, which is funded by MEXT's "Strategic Professional Development Program for Young Researchers."
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AI-powered smart bandage heals wounds 25% faster | ScienceDaily
As a wound heals, it goes through several stages: clotting to stop bleeding, immune system response, scabbing, and scarring.


						
A wearable device called "a-Heal," designed by engineers at the University of California, Santa Cruz, aims to optimize each stage of the process. The system uses a tiny camera and AI to detect the stage of healing and deliver a treatment in the form of medication or an electric field. The system responds to the unique healing process of the patient, offering personalized treatment.

The portable, wireless device could make wound therapy more accessible to patients in remote areas or with limited mobility. Initial preclinical results, published in the journal npj Biomedical Innovations, show the device successfully speeds up the healing process.

Designing a-Heal 

A team of UC Santa Cruz and UC Davis researchers, sponsored by the DARPA-BETR program and led by UC Santa Cruz Baskin Engineering Endowed Chair and Professor of Electrical and Computer Engineering (ECE) Marco Rolandi, designed a device that combines a camera, bioelectronics, and AI for faster wound healing. The integration in one device makes it a "closed-loop system" -- one of the firsts of its kind for wound healing as far as the researchers are aware.

"Our system takes all the cues from the body, and with external interventions, it optimizes the healing progress," Rolandi said.

The device uses an onboard camera, developed by fellow Associate Professor of ECE Mircea Teodorescu and described in a Communications Biology study, to take photos of the wound every two hours. The photos are fed into a machine learning (ML) model, developed by Associate Professor of Applied Mathematics Marcella Gomez, which the researchers call the "AI physician" running on a nearby computer.




"It's essentially a microscope in a bandage," Teodorescu said. "Individual images say little, but over time, continuous imaging lets AI spot trends, wound healing stages, flag issues, and suggest treatments."

The AI physician uses the image to diagnose the wound stage and compares that to where the wound should be along a timeline of optimal wound healing. If the image reveals a lag, the ML model applies a treatment: either medicine, delivered via bioelectronics; or an electric field, which can enhance cell migration toward wound closure.

The treatment topically delivered through the device is fluoxetine, a selective serotonin reuptake inhibitor which controls serotonin levels in the wound and improves healing by decreasing inflammation and increasing wound tissue closure. The dose, determined by preclinical studies by the Isseroff group at UC Davis group to optimize healing, is administered by bioelectronic actuators on the device, developed by Rolandi. An electric field, optimized to improve healing and developed by prior work of the UC Davis' Min Zhao and Roslyn Rivkah Isseroff, is also delivered through the device.

The AI physician determines the optimal dosage of medication to deliver and the magnitude of the applied electric field. After the therapy has been applied for a certain period of time, the camera takes another image, and the process starts again.

While in use, the device transmits images and data such as healing rate to a secure web interface, so a human physician can intervene manually and fine-tune treatment as needed. The device attaches directly to a commercially available bandage for convenient and secure use.

To assess the potential for clinical use, the UC Davis team tested the device in preclinical wound models. In these studies, wounds treated with a-Heal followed a healing trajectory about 25% faster than standard of care. These findings highlight the promise of the technology not only for accelerating closure of acute wounds, but also for jump-starting stalled healing in chronic wounds.




AI reinforcement

The AI model used for this system, which was led by Assistant Professor of Applied Mathematics Marcella Gomez, uses a reinforcement learning approach, described in a study in the journal Bioengineering, to mimic the diagnostic approach used by physicians.

Reinforcement learning is a technique in which a model is designed to fulfill a specific end goal, learning through trial and error how to best achieve that goal. In this context, the model is given a goal of minimizing time to wound closure, and is rewarded for making progress toward that goal. It continually learns from the patient and adapts its treatment approach.

The reinforcement learning model is guided by an algorithm that Gomez and her students created called Deep Mapper, described in a preprint study, which processes wound images to quantify the stage of healing in comparison to normal progression, mapping it along the trajectory of healing. As time passes with the device on a wound, it learns a linear dynamic model of the past healing and uses that to forecast how the healing will continue to progress.

"It's not enough to just have the image, you need to process that and put it into context. Then, you can apply the feedback control," Gomez said.

This technique makes it possible for the algorithm to learn in real-time the impact of the drug or electric field on healing, and guides the reinforcement learning model's iterative decision making on how to adjust the drug concentration or electric-field strength.

Now, the research team is exploring the potential for this device to improve healing of chronic and infected wounds.

Additional publications related to this work can be found linked here.

This research was supported by the Defense Advanced Research Projects Agency and the Advanced Research Projects Agency for Health.
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Scientists crack the explosive secret of how diamonds reach the surface | ScienceDaily
If you've ever held or beheld a diamond, there's a good chance it came from a kimberlite. Over 70% of the world's diamonds are mined from these unique volcanic structures. Yet despite decades of study, scientists are still working to understand how exactly kimberlites erupt from deep in Earth's mantle to the surface.


						
Kimberlites -- carrot-shaped volcanic pipes that erupt from mantle depths greater than 150 km -- have long fascinated geologists as windows into the deep Earth. Their mantle-derived melt ascends rapidly through the mantle and crust, with some estimates suggesting ascent rates of up to 80 miles per hour before kimberlites erupt violently at the surface. Along the way, the magma captures xenoliths and xenocrysts, fragments of the rocks encountered on its path.

"They're very interesting and still very enigmatic rocks," despite being well-studied, says Ana Anzulovic, a doctoral research fellow at the University of Oslo's Centre for Planetary Habitability.

In a study published this month in the journal Geology, Anzulovic and colleagues from the University of Oslo have taken a major step toward solving the puzzle. By modelling how volatile compounds like carbon dioxide and water influence the buoyancy of proto-kimberlite melt relative to surrounding materials, they quantified for the first time what it takes to erupt a kimberlite.

Diamonds make it to the surface in kimberlites because their rapid ascent prevents them from reverting to graphite, which is more stable at shallow pressures and temperatures. But the composition of the kimberlite's original melt -- and how it rises so fast -- has remained mysterious.

"They start off as something that we cannot measure directly," says Anzulovic. "So we don't know what a proto-kimberlite, or parental, melt would be like. We know approximately but everything we know basically comes from the very altered rocks that get emplaced."

To constrain the composition of these parental melts, the team focused on the Jericho kimberlite, which erupted into the Slave craton of far northwest Canada. Using chemical modelling, they tested different original mixtures of carbon dioxide and water.




"Our idea was, well, let's try to create a chemical model of a kimberlite, then vary CO2 and H2O," says Anzulovic. "Think of it as trying to sample a kimberlite as it ascends at different pressure and temperature points."

The researchers used molecular dynamics software to simulate atomic forces and track how atoms in a kimberlite melt move under varying depths. From these calculations, they determined the density of the melt at different conditions and whether it remained buoyant enough to rise.

"The most important takeaway from this study is that we managed to constrain the amount of CO2 that you need in the Jericho kimberlite to successfully ascend through the Slave craton," Anzulovic says. "Our most volatile-rich composition can carry up to 44% of mantle peridotite, for example, to the surface, which is really an impressive number for such a low viscosity melt."

The study also shows how volatiles play distinct roles. Water increases diffusivity, keeping the melt fluid and mobile. Carbon dioxide helps structure the melt at high pressures but, near the surface, it degasses and drives the eruption upward. For the first time, researchers demonstrated that the Jericho kimberlite needs at least 8.2% CO2 to erupt; without it, diamonds would remain locked in the mantle.

"I was actually pretty surprised that I can take such a small scale system and actually observe, 'Okay, if I don't put any carbon in, this melt will be denser than the craton, so this will not erupt,'" says Anzulovic. "It's great that modeling kimberlite chemistry can have implications for such a large-scale process."
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10 people who beat 8,000 others to become NASA astronaut candidates | ScienceDaily
NASA's 10 new astronaut candidates were introduced on Monday, September 22, following a competitive selection process of more than 8,000 applicants from across the United States. The class now will complete nearly two years of training before becoming eligible for flight assignments supporting future science and exploration missions to low Earth orbit, the Moon, and Mars.


						
Acting NASA Administrator Sean Duffy welcomed the all-American 2025 astronaut candidate class during a ceremony at the agency's Johnson Space Center in Houston.

"I'm honored to welcome the next generation of American explorers to our agency! More than 8,000 people applied - scientists, pilots, engineers, dreamers from every corner of this nation. The 10 men and women sitting here today embody the truth that in America, regardless of where you start, there is no limit to what a determined dreamer can achieve - even going to space," said Duffy. "Together, we'll unlock the Golden Age of exploration."

The agency's 24th astronaut class reported for duty at NASA Johnson in mid-September and immediately began their training. Their curriculum includes instruction and skills development for complex operations aboard the International Space Station, Artemis missions to the Moon, and beyond. Specifically, training includes robotics, land and water survival, geology, foreign language, space medicine and physiology, and more, while also conducting simulated spacewalks and flying high-performance jets.

After graduation, the 2025 class will join the agency's active astronaut corps. Active astronauts are conducting science research aboard the space station while preparing for the transition to commercial space stations and the next great leaps in human exploration at the Moon and Mars. The candidates' operational expertise, scientific knowledge, and technical backgrounds are essential to advancing NASA's deep space exploration goals and sustaining a long-term human presence beyond low Earth orbit.

The 2025 astronaut candidates are:

Ben Bailey, 38, chief warrant officer 3, U.S. Army, was born and raised in Charlottesville, Virginia. He has a bachelor's degree in mechanical engineering from the University of Virginia and is completing a master's in systems engineering at the Naval Postgraduate School in Monterey, California. Bailey is a U.S. Naval Test Pilot School graduate with more than 2,000 flight hours in more than 30 different rotary and fixed-wing aircraft. At the time of his selection, Bailey was responsible for the developmental testing of emerging technologies aboard Army rotary wing aircraft, specializing in the UH-60 Black Hawk and CH-47F Chinook.




Lauren Edgar, 40, considers Sammamish, Washington, her hometown. She earned a bachelor's degree in Earth sciences from Dartmouth College, and her master's and doctorate in geology from the California Institute of Technology. Edgar has served as the deputy principal investigator for the Artemis III Geology Team. In this role, she helped define lunar science goals, geology activities NASA astronauts will conduct, and science operations for NASA's return to the Moon. She also spent more than 17 years supporting Mars exploration rovers. She was working at the U.S. Geological Survey at the time of her selection.

Adam Fuhrmann, 35, major, U.S. Air Force, is from Leesburg, Virginia, and has accumulated more than 2,100 flight hours in 27 aircraft, including the F-16 and F-35. He holds a bachelor's degree in aerospace engineering from the Massachusetts Institute of Technology and master's degrees in flight test engineering and systems engineering from the U.S. Air Force Test Pilot School and Purdue University, respectively. He has deployed in support of Operations Freedom's Sentinel and Resolute Support, logging 400 combat hours. At the time of his selection, Fuhrmann served as the director of operations for an Air Force flight test unit.

Cameron Jones, 35, major, U.S. Air Force, is a native of Savanna, Illinois. He holds bachelor's and master's degrees in aerospace engineering from the University of Illinois at Urbana-Champaign. He is also a graduate of the U.S. Air Force Test Pilot School at Edwards Air Force Base in California and the U.S. Air Force Weapons School at Nellis Air Force Base in Nevada. He's an experienced test pilot with more than 1,600 flight hours in more than 30 different aircraft, including 150 combat hours. The majority of his flight time is in the F-22 Raptor. At the time of his selection, Jones was an Air Force Academic Fellow at the Defense Advanced Research Projects Agency.

Yuri Kubo, 40, is a native of Columbus, Indiana. He earned a bachelor's degree in electrical engineering and a master's in electrical and computer engineering from Purdue University. He spent 12 years working across various teams at SpaceX, including as launch director for Falcon 9 rocket launches, director of avionics for the Starshield program, and director of Ground Segment. Earlier in his career, Kubo was a co-op student at NASA Johnson, where he completed multiple tours supporting the Orion spacecraft, the International Space Station, and the Space Shuttle Program. At the time of his selection, Kubo was the senior vice president of Engineering at Electric Hydrogen.

Rebecca Lawler, 38, is a native of Little Elm, Texas, and a former lieutenant commander in the U.S. Navy. She is a former Navy P-3 pilot and experimental test pilot with more than 2,800 flight hours in more than 45 aircraft. Lawler holds a bachelor's degree in mechanical engineering from the U.S. Naval Academy and master's degrees from Johns Hopkins University and the National Test Pilot School. She also is a U.S. Naval Test Pilot School graduate. Lawler also flew as a National Oceanic and Atmospheric Administration hurricane hunter and during NASA's Operation IceBridge. She was a test pilot for United Airlines at the time of selection.

Anna Menon, 39, is from Houston and earned her bachelor's degree from Texas Christian University with a double major in mathematics and Spanish. She also holds a master's in biomedical engineering from Duke University. Menon previously worked in the Mission Control Center at NASA Johnson, supporting medical hardware and software aboard the International Space Station. In 2024, Menon flew to space as a mission specialist and medical officer aboard SpaceX's Polaris Dawn. The mission saw a new female altitude record, the first commercial spacewalk, and the completion of approximately 40 research experiments. At the time of her selection, Menon was a senior engineer at SpaceX.




Imelda Muller, 34, considers Copake Falls, New York, her hometown. She formerly was a lieutenant in the U.S. Navy and served as an undersea medical officer after training at the Naval Undersea Medical Institute. Muller earned a bachelor's degree in behavioral neuroscience from Northeastern University and a medical degree from the University of Vermont College of Medicine. Her experience includes providing medical support during Navy operational diving training at NASA's Neutral Buoyancy Laboratory. At the time of her selection, Muller was completing a residency in anesthesia at Johns Hopkins School of Medicine in Baltimore.

Erin Overcash, 34, lieutenant commander, U.S. Navy, is from Goshen, Kentucky. She holds a bachelor's degree in aerospace engineering and a master's in bioastronautics from the University of Colorado, Boulder. A U.S. Naval Test Pilot School graduate, Overcash is an experienced F/A-18E and F/A-18F Super Hornet pilot with multiple deployments. She has logged more than 1,300 flight hours in 20 aircraft, including 249 carrier arrested landings. Overcash was part of the Navy's World Class Athlete Program and trained full-time at the Olympic Training Center with the USA Rugby Women's National Team. She was training for a squadron department head tour at the time of selection.

Katherine Spies, 43, is a native of San Diego and holds a bachelor's degree in chemical engineering from the University of Southern California and a master's in design engineering from Harvard University. She is a former Marine Corps AH-1 attack helicopter pilot and experimental test pilot, with more than 2,000 flight hours in more than 30 different aircraft. A graduate of the U.S. Naval Test Pilot School, she served as UH-1Y/AH-1Z project officer and AH-1W platform coordinator during her time on active duty. At the time of her selection, Spies was the director of flight test engineering at Gulfstream Aerospace Corporation.

With the addition of these 10 individuals, NASA now has recruited 370 astronaut candidates since selecting the original Mercury Seven in 1959.

"Today, our mission propels us even further as we prepare for our next giant leap with NASA's newest astronaut candidate class," said Vanessa Wyche, director of NASA Johnson. "Representing America's best and brightest, this astronaut candidate class will usher in the Golden Age of innovation and exploration as we push toward the Moon and Mars."
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NASA's Mars rover Curiosity captures stunning details of alien rock formations | ScienceDaily
Earth planning date: Friday, Sept. 5, 2025


						
Curiosity is in the midst of the boxwork campaign, trying to decipher why we see such pronounced ridges and hollows in this area of Mount Sharp. When this terrain was first identified from orbit it was hypothesized that the ridges may be the result of cementation by circulating fluids, followed by differential erosion of the less resistant bedrock in between (the hollows that we now observe).

We have been exploring the boxwork terrain documenting textures, structures and composition to investigate potential differences between ridges and hollows. One of the textural features we have observed are nodules in varying abundance. The focus of our activities this week was to document the transition from smoother bedrock atop a boxwork ridge to more nodular bedrock associated with the edge of a shallow hollow.

In Tuesday's three-sol plan we analyzed the smoother bedrock within the ridge, documenting textures with MAHLI, Mastcam, and ChemCam RMI, and chemistry with ChemCam LIBS and APXS. Curiosity then successfully bumped towards the edge of the ridge/hollow to place the more nodular bedrock in our workspace. Friday's three-sol plan was basically a repeat of the previous observations, but this time focused on the more nodular bedrock. The planned drive should take us to another boxwork ridge, and closer to the area where we plan to drill into one of the ridges.

As the APXS strategic planner this week, I helped to select the rock targets for analysis by our instrument, ensuring they were safe to touch and that they met the science intent of the boxwork campaign. I also communicated to the rest of the team the most recent results from our APXS compositional analyses and how they fit into our investigation of the boxwork terrain. This will help to inform our fast-approaching decision about where to drill.

Both plans included Mastcam and ChemCam long-distance RMI imaging of more distant features, including other boxwork ridges and hollows, buttes, the yardang unit, and Gale crater rim. Planned environmental activities continue to monitor dust in the atmosphere, dust-devil activity, and clouds. Standard REMS, RAD, and DAN activities round out the week's activities.

Written by Lucy Thompson, Planetary Scientist and APXS Team Member, University of New Brunswick, Canada.
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The Universe's first magnetic fields were shockingly weak, but changed everything | ScienceDaily
The magnetic fields that formed in the very early stages of the Universe, may have been billions of times weaker than a small fridge magnet, with strengths comparable to magnetism generated by neurons in the human brain. Yet, despite such weakness, quantifiable traces of their existence still remain in the cosmic web, the visible cosmic structures connected throughout the Universe. These conclusions emerge from a study using around a quarter of a million computer simulations, conducted by a team from SISSA (the International School for Advanced Studies based in Trieste) in collaboration with the Universities of Hertfordshire, Cambridge, Nottingham, Stanford, and Potsdam. Observational data were subsequently used to validate these findings. The research, recently published in Physical Review Letters, specifies both possible and maximum values for the strengths of primordial magnetic fields. It also offers the possibility of refining our knowledge of the early Universe and the formation of the first stars and galaxies.


						
A magnetic cosmic web

"The cosmic web, of which much remains to be discovered, is a filamentary structure connecting the galaxies that permeates the Universe. One of its many unsolved mysteries is why it is magnetized, not only near galaxies, where this might be expected, but also in distant regions that are sparsely populated and constitute the bulk of the cosmic web. This is harder to explain." These comments come from Mak Pavicevic, a SISSA PhD student and lead author of the research, and Matteo Viel, his supervisor and co-author of the study. "Our hypothesis was that this could be a legacy of events occurring in cosmic epochs during the birth of the Universe, and that magnetism was linked essentially to physical processes in the primordial Universe. For example, the filaments would have become magnetized during the inflation process before the so-called "Big Bang" or through events in later epochs, called phase transitions. This is what we sought to ascertain with our work. We also wished to assess the magnitude of these primordial magnetic fields through our investigations, establishing an upper limit and attempting to measure their strengths."

At the origin of the Universe with a quarter of a million simulations

The international team used over 250,000 computer simulations to study the cosmic web and better understand the influence of primordial magnetic fields. Vid Irsic from University of Hertfordshire, and a co-author of the study, emphasizes that "these are the most realistic and largest suite state-of-the-art simulations of the influence of primordial magnetic field on the intergalactic cosmic web." Pavicevic and Viel explain: "By comparing these simulations with observational data, we saw that our hypotheses were correct. When the influence of primordial fields is included in the picture, the cosmic web looks different and more in agreement with observed data. In particular, we can say that a standard model of the Universe with a very weak magnetic field of around 0.2 nano-gauss actually fits experimental data much better."

The magnitude of primordial magnetic fields: a new upper limit

The scientists have derived a particularly low value for the magnitude of the primordial magnetic fields, establishing a new upper limit several times lower than previously estimated. Pavicevic and Viel continue: "Our research thus places strict limits on the intensity of magnetic fields formed in the very early moments of the Universe and is consistent with recent results obtained in independent data and studies on the cosmic microwave background. The two scientists explain: "This evidence will help us to improve our understanding of events in the early Universe. The magnetic field would have increased the density of the cosmic web, in turn accelerating the process of star and galaxy formation. It will be possible to further validate our results through observations made by the James Webb Space Telescope." Vid Irsic concludes: "Not only will these new limits help us understand the impact of the primordial magnetic fields on the evolution of the Cosmo, but they also hold important implications for other theoretical models that enhance structure formation."
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AI breakthrough finds life-saving insights in everyday bloodwork | ScienceDaily
Routine blood samples, such as those taken daily at any hospital and tracked over time, could help predict the severity of an injury and even provide insights into mortality after spinal cord damage, according to a recent University of Waterloo study.


						
The research team utilized advanced analytics and machine learning, a type of artificial intelligence, to assess whether routine blood tests could serve as early warning signs for spinal cord injury patient outcomes.

More than 20 million people worldwide were affected by spinal cord injury in 2019, with 930,000 new cases each year, according to the World Health Organization. Traumatic spinal cord injury often requires intensive care and is characterized by variable clinical presentations and recovery trajectories, complicating diagnosis and prognosis, especially in emergency departments and intensive care units.

"Routine blood tests could offer doctors important and affordable information to help predict risk of death, the presence of an injury and how severe it might be," said Dr. Abel Torres Espin, a professor in Waterloo's School of Public Health Sciences.

The researchers sampled hospital data from more than 2,600 patients in the U.S. They used machine learning to analyze millions of data points and discover hidden patterns in common blood measurements, such as electrolytes and immune cells, taken during the first three weeks after a spinal cord injury.

They found that these patterns could help forecast recovery and injury severity, even without early neurological exams, which are not always reliable as they depend on a patient's responsiveness.

"While a single biomarker measured at a single time point can have predictive power, the broader story lies in multiple biomarkers and the changes they show over time," said Dr. Marzieh Mussavi Rizi, a postdoctoral scholar in Torres Espin's lab at Waterloo.




The models, which do not rely on early neurological assessment, were accurate in predicting mortality and the severity of injury as early as one to three days after admission to the hospital, compared to standard non-specific severity measures that are often performed during the first day of arrival to intensive care.

The research also found that accuracy increased over time as more blood tests became available. Although other measures, such as MRI and fluid omics-based biomarkers, can also provide objective data, they are not always readily accessible across medical settings. Routine blood tests, on the other hand, are economical, easy to obtain, and available in every hospital.

"Prediction of injury severity in the first days is clinically relevant for decision-making, yet it is a challenging task through neurological assessment alone," Torres Espin said. "We show the potential to predict whether an injury is motor complete or incomplete with routine blood data early after injury, and an increase in prediction performance as time progresses.

"This foundational work can open new possibilities in clinical practice, allowing for better-informed decisions about treatment priorities and resource allocation in critical care settings for many physical injuries."

The study, Modeling trajectories of routine blood tests as dynamic biomarkers for outcome in spinal cord injury, was published in Nature's NPJ Digital Medicine Magazine.
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Can meditation apps really reduce stress, anxiety, and insomnia? | ScienceDaily
Do you have a meditation app on your smartphone, computer or wearable device? Well, you're not alone.


						
There are now thousands of meditation apps available worldwide, the top 10 of which have been collectively downloaded more than 300 million times. What's more, early work on these digital meditation platforms shows that even relatively brief usage can lead to benefits, from reduced depression, anxiety, and stress to improved insomnia symptoms.

"Meditation apps, such as Calm and Headspace, have been enormously popular in the commercial market," said J. David Creswell, a health psychologist at Carnegie Mellon University and lead author of a review paper on meditation apps, published today in the journal American Psychologist. "What they're doing now is not only engaging millions of users every day, but they're also creating new scientific opportunities and challenges."

One huge boon provided by meditation apps for users is access.

"You can imagine a farmer in rural Nebraska not having many available opportunities to go to traditional group-based meditation programs, and now they have an app in their pocket which is available 24/7," said Creswell, who is the William S. Dietrich II Professor in Psychology and Neuroscience.

Meditation apps also provide scientists with opportunities to scale up their research.

"Historically, I might bring 300 irritable bowel syndrome patients into my lab and study the impacts of meditation on pain management," said Creswell. "But now I'm thinking, how do we harness the capacity of meditation apps and wearable health sensors to study 30,000 irritable bowel syndrome patients across the world?"

Combined with products that measure heart rate and sleep patterns, such as Fitbit and the Apple Watch, meditation apps now also have the capacity to incorporate biometrics into meditation practices like never before.




The biggest takeaway, though, is that meditation apps are fundamentally changing the way these practices are distributed to the general public. Scientific studies of use patterns show that meditation apps account for 96 percent of overall users in the mental health app marketplace.

"Meditation apps dominate the mental health app market," said Creswell. "And this paper is really the first to lay out the new normal and challenge researchers and tech developers to think in new ways about the disruptive nature of these apps and their reach."

Meditation apps challenge users to train their minds, in small initial training doses

As with in-person meditation training, meditation apps start by meeting users where they are. Introductory courses may focus on breathing or mindfulness, but they tend to do so in small doses, the merits of which are still being debated.

According to the data, just 10 to 21 minutes of meditation app exercises done three times a week is enough to see measurable results.

"Of course, that looks really different from the daily meditation practice you might get within an in-person group-based meditation program, which might be 30 to 45 minutes a day," said Creswell.




The a la carte nature of meditation through a smartphone app may appeal to those pressed for time or without the budget for in-person coaching sessions. Users may also find it comforting to know that they have access to guided meditation on-demand, rather than at scheduled places, days, and times.

"Maybe you're waiting in line at Starbucks, and you've got three minutes to do a brief check-in mindfulness training practice," said Creswell.

Finally, as meditation apps continue to evolve, Creswell believes integration of AI, such as meditation-guiding chat-bots, will only become more common, and this will offer the option of even more personalization. This could mark an important development for meditation adoption at large, as offerings go from one-size-fits all group classes to training sessions tailored to the individual.

"People use meditation for different things, and there's a big difference between someone looking to optimize their free-throw shooting performance and someone trying to alleviate chronic pain," said Creswell, who has trained Olympic athletes in the past.

The elephant in the room

Of course, with new technology comes new challenges, and for meditation apps, continued engagement remains a huge problem.

"The engagement problem is not specific to meditation apps," said Creswell. "But the numbers are really sobering. Ninety-five percent of participants who download a meditation app aren't using it after 30 days."

If the meditation app industry is going to succeed, it will need to find ways to keep its users engaged, as apps like Duolingo have. But overall, Creswell said the market demand is clearly there.

"People are suffering right now. There are just unbelievably high levels of stress and loneliness in the world, and these tools have tremendous potential to help," he said.

"I don't think there is ever going to be a complete replacement for a good, in-person meditation group or teacher," said Creswell. "But I think meditation apps are a great first step for anyone who wants to dip their toes in and start training up their mindfulness skills. The initial studies show that these meditation apps help with symptom relief and even reduce stress biomarkers."
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Sneezing from cats or dust? Safe UV light may neutralize allergens in minutes | ScienceDaily
Cats. Dust mites. Mold. Trees.


						
For people with allergies, even a brief whiff of the airborne allergens these organisms produce can lead to swollen eyes, itchy skin and impaired breathing.

Such allergens can persist indoors for months after the original source is gone, and repeated exposure can exacerbate, and even lead to, asthma.

What if you could just flip a switch and disable them? You can, according to new University of Colorado Boulder research.

"We have found that we can use a passive, generally safe ultraviolet light treatment to quickly inactivate airborne allergens," said study author Tess Eidem, a senior research associate in the Department of Civil, Environmental and Architectural Engineering.

"We believe this could be another tool for helping people fight allergens in their home, schools or other places where allergens accumulate indoors."

The findings were published in August in the journal ACS ES&T Air.




Why you can't kill an allergen

Walk into a room with a cat and, if you sneeze, it's not actually the cat you are reacting to. It's likely airborne flecks of a protein called Fel d1 produced in their saliva. The protein spreads when they lick themselves and ends up in microscopic flakes of dead skin floating in the air, a.k.a. dander. When we inhale these particles, our immune system produces antibodies that bind to the protein's unique 3D structure, kicking off an allergic reaction.

Dogs, mice, dust mites, mold and plants all emit their own unique proteins, with their own unique structure. Unlike bacteria and viruses, these allergens can't be killed because they were never alive.

"After those dust mites are long gone, the allergen is still there," said Eidem. "That's why, if you shake out a rug, you can have a reaction years later."

Standard methods of reducing allergens -- like vacuuming, washing walls, using an air filter and regularly bathing pets -- can work OK but are hard to maintain long-term studies show.

Eidem and co-authors Mark Hernandez, a professor of Civil, Environmental and Architectural Engineering, and Kristin Rugh, a microbiologist in the lab, sought a simpler way.




Instead of eliminating the proteins that cause allergies, they sought to change their structure -- much like unfolding an origami animal -- so the immune system wouldn't recognize them.

"If your immune system is used to a swan and you unfold the protein so it no longer looks like a swan, you won't mount an allergic response," explained Eidem.

UV light, their study suggests, can do that.

Let there be light

Previous research has shown that UV light can kill airborne microorganisms, including the virus that causes COVID-19.

It's already used widely to disinfect equipment in hospitals, airports and elsewhere, but the bandwidth is typically so strong (a wavelength of 254 nanometers) that users must wear protective equipment to prevent damage to skin and eyes.

Eidem used 222-nanometer-wavelength lights, a less-intense alternative considered safe for occupied spaces because it doesn't penetrate deep into cells. (It does not come entirely without risks, including ozone production, she notes, so exposure should be limited.)

The team pumped microscopic aerosolized allergens from mites, pet dander, mold and pollen into an unoccupied and sealed 350-cubic-foot chamber. Then they switched on four lunchbox-sized UV222 lamps on the ceiling and floor.

When they sampled the air at 10-minute intervals and compared it to untreated, allergen-filled air via laboratory tests, they saw significant differences. In the treated samples, immunorecognition was reduced, meaning the antibodies no longer recognized many of the proteins and stuck to them.

After just 30 minutes, airborne allergen levels effectively decreased by about 20% to 25% on average, the study showed.

"Those are pretty rapid reductions when you compare them to months and months of cleaning, ripping up carpet, and bathing your cat," said Eidem.

A portable allergy buster?

UV222 lights are already commercially available, mostly for industrial antimicrobial uses.

But Eidem envisions a day when companies could engineer portable versions for people to switch on when they visit a friend with a pet or clean out a dusty basement.

UV222 systems could also potentially protect workers frequently exposed to allergens, such as those who work around live animals or in cannabis grow houses where, her own research shows, allergic reactions can be deadly.

One-in-three adults and children in the United States have allergies, according to the Centers for Disease Control. Eidem hopes her research, and more to come, can provide them with some relief -- or even save lives.

"Asthma attacks kill about 10 people every day in the United States, and they are often triggered by airborne allergies," she said. "Trying to develop new ways to prevent that exposure is really important."
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The shocking reason Arctic rivers are turning rusty orange | ScienceDaily
Ice can dissolve iron minerals more effectively than liquid water, according to a new study from Umea University. The discovery could help explain why many Arctic rivers are now turning rusty orange as permafrost thaws in a warming climate.


						
The study, recently published in the scientific journal PNAS, shows that ice at minus ten degrees Celsius releases more iron from common minerals than liquid water at four degrees Celsius. This challenges the long-held belief that frozen environments slow down chemical reactions.

"It may sound counterintuitive, but ice is not a passive frozen block," says Jean-Francois Boily, Professor at Umea University and co-author of the study. "Freezing creates microscopic pockets of liquid water between ice crystals. These act like chemical reactors, where compounds become concentrated and extremely acidic. This means they can react with iron minerals even at temperatures as low as minus 30 degrees Celsius."

To understand the process, the researchers studied goethite - a widespread iron oxide mineral - together with a naturally occurring organic acid, using advanced microscopy and experiments.

They discovered that repeated freeze-thaw cycles make iron dissolve more efficiently. As the ice freezes and thaws, organic compounds that were previously trapped in the ice are released, fuelling further chemical reactions. Salinity also plays a crucial role: fresh and brackish water increase dissolution, while seawater can suppress it.

The findings apply mainly to acidic environments, such as mine drainage sites, frozen dust in the atmosphere, acid sulfate soils along the Baltic Sea coast, or in any acidic frozen environment where iron minerals interact with organics. The next step is to find out if the same is true for all iron-bearing ice. This is what ongoing research in the Boily laboratory will soon reveal.

"As the climate warms, freeze-thaw cycles become more frequent," says Angelo Pio Sebaaly, doctoral student and first author of the study. "Each cycle releases iron from soils and permafrost into the water. This can affect water quality and aquatic ecosystems across vast areas."

The findings show that ice is not a passive storage medium, but an active player. As freezing and thawing increase in polar and mountain regions, for the impact on ecosystems. and the natural cycling of elements could be significant.
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Scientists finally capture water's hidden state that's both solid and liquid | ScienceDaily
Despite being one of the most familiar substances on Earth, water holds many secrets that scientists are still working to understand. When confined to extremely small spaces -- such as within certain proteins, minerals, or artificial nanomaterials -- water behaves in ways that are drastically different from its bulk liquid form. These confinement effects are critical for many natural and technological processes, including regulating the flow of ions through cell membranes and the properties of nanofluidic systems.


						
One intriguing yet poorly understood state of confined water is called the 'premelting state.' In this unique phase, water behaves as if it were on the cusp of freezing and melting at the same time, thus defying simple liquid or solid classifications. However, it has proven difficult to study the premelting state and other confined water dynamics in detail. While techniques such as diffraction methods (example: X-ray analysis) are useful for pinpointing the positions of atoms other than hydrogen, they are not sensitive enough to capture the picosecond-scale rotational motion of hydrogen and the motion of individual water molecules.

In a recent study, a research team led by Professor Makoto Tadokoro alongside Lecturer Fumiya Kobayashi and first-year PhD student Mr. Tomoya Namiki, from the Department of Chemistry, Tokyo University of Science, Japan, shed new light on the mysteries of confined water. Their paper, published online in the Journal of the American Chemical Society on August 27, 2025, reports how they used static solid-state deuterium nuclear magnetic resonance (NMR) spectroscopy to observe the hierarchical dynamics of water confined within the hydrophilic nanopores of a molecular crystal and characterized the premelting state, which is a new phase observed in water.

To perform their experiments, the team produced hexagonal rod-like crystals, with quasi-one-dimensional channels containing a nanopore approximately 1.6 nm in diameter and filled them with heavy water (D2O). By measuring the NMR spectra of a single crystal of {[Co(D2bim)3](TMA).20D2O}n at room temperature, the researchers were able to confirm the existence of a hierarchical, three-layered structure in the contained water molecules. The unique peaks observed in the spectra corresponded to every layered structures with distinct movements and hydrogen-bonding interactions with one another of the confined water, providing clear evidence of multi-layered organization. Furthermore, water confined in the nanopores freezes in a different structure from bulk ice and first melts through a distorted hydrogen-bonded structure, leading to the formation of a premelting state.

To gain insights into the premelting state, the researchers heated the crystal gradually from low temperature to get the water from a frozen state to a liquid state. They observed distinct changes in the NMR spectra that confirmed a phase transition into the premelting state, and their measurements revealed the presence of two seemingly contradictory states. "The premelting state involves the melting of incompletely hydrogen-bonded H2O before the completely frozen ice structure starts melting during the heating process. It essentially constitutes a novel phase of water in which frozen H2O layers and slowly moving H2O coexist," explains Prof. Tadokoro.

The researchers measured the spin-lattice relaxation time to quantify the rotational mobility of the heavy water molecules in this new phase. While the activation energy for the premelting state was far from that of bulk ice, the correlation time was remarkably close to that of bulk liquid water. Simply put, this means that while the water molecules' positions were relatively fixed as one would expect of a solid, their rotational motions were extremely fast and liquid-like.

Taken together, these findings build toward a more comprehensive understanding of how water behaves in extreme confinement. They clarify crucial structural and dynamic aspects, which are important for understanding how water and ions permeate through biological proteins and membranes. Looking ahead, these insights could also lead to practical innovations. "By creating new ice network structures, it may be possible to store energetic gases such as hydrogen and methane and develop water-based materials such as artificial gas hydrates," says Prof. Tadokoro. Controlling the freezing properties of water based on the structure of ice could lead to the creation of new, inexpensive, and safe hydrosphere materials.

Overall, this study ultimately demonstrates that even a substance as common as water still holds fundamental secrets waiting to be unlocked.

This work was supported by JSPS KAKENHI Grant-in-Aid for Scientific Research (B) JP23K26672 and JSPS KAKENHI Grant-in-Aid for Early-Career Scientists JP23K13767 from the Ministry of Education, Culture, Sports, Science, and Technology, Japan.
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Tiny new lenses, smaller than a hair, could transform phone and drone cameras | ScienceDaily
A new approach to manufacturing multicolor lenses could inspire a new generation of tiny, cheap, and powerful optics for portable devices such as phones and drones.


						
The design uses layers of metamaterials to simultaneously focus a range of wavelengths from an unpolarized source and over a large diameter, overcoming a major limitation of metalenses, said the first author of the paper reporting the design, Mr Joshua Jordaan, from the Research School of Physics at the Australian National University and the ARC Centre of Excellence for Transformative Meta-Optical Systems (TMOS).

"Our design has a lot of nice features that make it applicable to practical devices."

"It's easy to manufacture because it has a low aspect ratio and each layer can be fabricated individually and then packaged together, it's also polarisation insensitive, and is potentially scalable through mature semiconductor nanofabrication platforms," Mr Jordaan said.

The project was led by researchers from the Friedrich Schiller University Jena in Germany as part of the International Research Training Group Meta-ACTIVE. The paper reporting their design is published in Optics Express.

Metalenses have thickness mere fractions of the width of a hair, which is orders of magnitude thinner than conventional lenses. They can be designed to have properties such as focal lengths that would be impossibly short for conventional optics.

Initially the team attempted to focus multiple wavelengths with a single layer, but they hit up against some fundamental constraints, Mr Jordaan said.




"It turns out the maximum group-delay attainable in a single-layer metasurface has physical limitations, and these in turn set upper bounds on the product of the numerical aperture, physical diameter and operating bandwidth."

"To work at the wavelength range we needed, a single layer would either have to have a very small diameter, which would defeat the purpose of the design, or basically have such a low numerical aperture that it's hardly focusing the light at all," he said.

"We realized we needed a more complex structure, which then led to a multi-layer approach."

With the design shifted to incorporating several metalens layers, the team approached the problem with an inverse design algorithm based on shape optimization, with parameterization that meant a lot of degrees of freedom.

They guided the software to search for metasurface shapes that, for a single wavelength, created simple resonances in both the electric and magnetic dipole, known as Huygens resonances. By employing resonances, the team were able to improve on previous designs by other groups, and develop metalens designs that were polarization independent, and had greater tolerances in manufacturing specifications - crucial in the quest to scale fabrication to industrial quantities.

The optimization routine came up with a library of metamaterial elements in a surprising range of shapes, such as rounded squares, four-leaf clovers and propellers.




These tiny shapes, around 300 nm tall and 1000 nm wide, spanned the full range of phase shifts, from zero to two pi, enabling the team to create a phase gradient map to achieve any arbitrary focusing pattern - although they were initially just aiming for a simple ring structure of a conventional lens.

"We could, for example, focus different wavelengths into different locations to create a colour router," Mr Jordaan said.

However, the multilayer approach is limited to a maximum of around five different wavelengths, Mr Jordaan said.

"The problem is you need structures large enough to be resonant at the longest wavelength, without getting diffraction from the shorter wavelengths," he said.

Within these constraints, Mr Jordaan said the ability to make metalenses to collect a lot of light will be a boon for future portable imaging systems.

"The metalenses we have designed would be ideal for drones or earth-observation satellites, as we've tried to make them as small and light as possible," he said.
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New crystal camera lets doctors see inside the body like never before | ScienceDaily
Physicians rely on nuclear medicine scans, like SPECT scans, to watch the heart pump, track blood flow and detect diseases hidden deep inside the body. But today's scanners depend on expensive detectors that are difficult to make.


						
Now, scientists led by Northwestern University and Soochow University in China have built the first perovskite-based detector that can capture individual gamma rays for SPECT imaging with record-breaking precision. The new tool could make common types of nuclear medicine imaging sharper, faster, cheaper and safer.

For patients, that could mean shorter scan times, clearer results and lower doses of radiation.

The study was published on Aug. 30 in the journal Nature Communications.

"Perovskites are a family of crystals best known for transforming the field of solar energy," said Northwestern's Mercouri Kanatzidis, the study's senior author. "Now, they are poised to do the same for nuclear medicine. This is the first clear proof that perovskite detectors can produce the kind of sharp, reliable images that doctors need to provide the best care for their patients."

"Our approach not only improves the performance of detectors but also could lower costs," said co-corresponding author Yihui He, a professor at Soochow University. "That means more hospitals and clinics eventually could have access to the best imaging technologies."

Kanatzidis is a Charles E. and Emma H. Morrison Professor of Chemistry at Northwestern's Weinberg College of Arts and Sciences and a senior scientist at Argonne National Laboratory. Yihui He is a former postdoctoral fellow from Kanatzidis' laboratory.




Nuclear medicine, like SPECT (single-photon emission computing tomography) imaging, works like an invisible camera. Physicians implant a tiny, safe, short-lived radiotracer in a specific part of a patient's body. The tracer emits gamma rays, which pass outward through tissues and eventually hit a detector outside of the body. Each gamma ray is like a pixel of light. After collecting millions of these pixels, computers can construct a 3D image of working organs.

Today's detectors, which are either made from cadmium zinc telluride (CZT) or sodium iodide (NaI), have several disadvantages. CZT detectors are incredibly expensive, sometimes reaching into the price range of hundreds of thousands to millions of dollars for a whole camera. Because CZT crystals are brittle and prone to cracking, these detectors also are difficult to manufacture. While cheaper than CZT detectors, NaI detectors are bulky and produce blurrier images -- like taking a photo through a foggy window.

To overcome these issues, the scientists turned to perovskite crystals, a material that Kanatzidis has studied for more than a decade. In 2012, his group built the first solid-film solar cells made from perovskites. Then, in 2013, Kanatzidis discovered that single perovskite crystals were highly promising for detecting X-rays and gamma rays. This breakthrough, enabled by his group's growth of high-quality single crystals, sparked a worldwide surge of research and effectively launched a new field in hard radiation detection materials.

"This work demonstrates how far we can push perovskite detectors beyond the laboratory," Kanatzidis said. "When we first discovered in 2013 that perovskite single crystals could detect X-rays and gamma rays, we could only imagine their potential. Now, we're showing that perovskite-based detectors can deliver the resolution and sensitivity needed for demanding applications like nuclear medicine imaging. It's exciting to see this technology moving closer to real-world impact."

Building on this foundation, Kanatzidis and He led the crystal growth, surface engineering and device design for the new study. By carefully growing and shaping these crystals, the researchers created a pixelated sensor -- just like the pixels in a smartphone camera -- that delivers record-breaking clarity and stability.

Leading the design and development of the prototype gamma-ray detector, He developed the camera's pixelated architecture, optimized the multi-channel readout electronics and carried out the high-resolution imaging experiments that validated the device's capabilities. He, Kanatzidis and their team demonstrated that perovskite-based detectors can achieve record energy resolutions and unprecedented single-photon imaging performance, paving the way for practical integration into next-generation nuclear medicine imaging systems.




"Designing this gamma-ray camera and demonstrating its performance has been incredibly rewarding," He said. "By combining high-quality perovskite crystals with a carefully optimized pixelated detector and multi-channel readout system, we were able to achieve record-breaking energy resolution and imaging capabilities. This work shows the real potential of perovskite-based detectors to transform nuclear medicine imaging."

In experiments, the detector was able to differentiate among gamma rays of different energies with the best resolution reported thus far. It also sensed extremely faint signals from a medical radiotracer (technetium-99m) commonly used in clinical practice and distinguished incredibly fine features, producing crisp images that could separate tiny radioactive sources spaced just a few millimeters apart. The detector also remained highly stable, collecting nearly all the tracer's signal without loss or distortion. Because these new detectors are more sensitive, patients potentially could require shorter scan times or smaller doses of radiation.

Northwestern spinout company Actinia Inc. is commercializing this technology -- working with partners in the medical device field to bring it out of the lab and into hospitals. Because they are easier to grow and use simpler components, perovskites offer a far less expensive alternative to CZT and NaI detectors without sacrificing quality. Perovskite-based detectors also offer a realistic pathway to imaging using a lower dose of a radiotracer than can be used with a NaI detector but at a price that ensures widespread patient access.

"Demonstrating that perovskites can deliver single-photon gamma-ray imaging is a milestone," He said. "It shows these materials are ready to move beyond the laboratory and into technologies that directly benefit human health. From here, we see opportunities to refine the detectors further, scale up production and explore entirely new directions in medical imaging."

"High-quality nuclear medicine shouldn't be limited to hospitals that can afford the most expensive equipment," Kanatzidis said. "With perovskites, we can open the door to clearer, faster, safer scans for many more patients around the world. The ultimate goal is better scans, better diagnoses and better care for patients."

The study, "Single photon g-ray imaging with high energy and spatial resolution perovskite semiconductor for nuclear medicine," was supported by the Defense Threat Reduction Agency (award number HDTRA12020002), the Consortium for Interaction of Ionizing Radiation with Matter University Research Alliance, the National Key R&D Program of China (award number 2021YFF0502600), the National Natural Science Foundation of China (award number U2267211) and the Jiangsu Natural Science Foundation (award number BK20240822).
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Ordinary ice found to have shocking electrical powers | ScienceDaily
A study co-led by ICN2 reveals that ice is a flexoelectric material, meaning it can produce electricity when unevenly deformed. Published in Nature Physics, this discovery could have major technological implications while also shedding light on natural phenomena such as lightning.


						
Frozen water is one of the most abundant substances on Earth. It is found in glaciers, on mountain peaks and in polar ice caps. Although it is a well-known material, studying its properties continues to yield fascinating results.

An international study involving ICN2, at the UAB campus, Xi'an Jiaotong University (Xi'an) and Stony Brook University (New York), has shown for the first time that ordinary ice is a flexoelectric material. In other words, it can generate electricity when subjected to mechanical deformation. This discovery could have significant implications for the development of future technological devices and help to explain natural phenomena such as the formation of lightning in thunderstorms.

The study, published in the journal Nature Physics, represents a significant step forward in our understanding of the electromechanical properties of ice. "We discovered that ice generates electric charge in response to mechanical stress at all temperatures. In addition, we identified a thin 'ferroelectric' layer at the surface at temperatures below -113oC (160K). This means that the ice surface can develop a natural electric polarization, which can be reversed when an external electric field is applied -- similar to how the poles of a magnet can be flipped. The surface ferroelectricity is a cool discovery in its own right, as it means that ice may have not just one way to generate electricity but two: ferroelectricity at very low temperatures, and flexoelectricity at higher temperatures all the way to 0 degC " explains Dr Xin Wen, a member of the ICN2 Oxide Nanophysics Group and one of the study's lead researchers. This property places ice on a par with electroceramic materials such as titanium dioxide, which are currently used in advanced technologies like sensors and capacitors.

Ice, flexoelectricity and thunderstorms

One of the most surprising aspects of this discovery is its connection to nature. The results of the study suggest that the flexoelectricity of ice could play a role in the electrification of clouds during thunderstorms, and therefore in the origin of lightning.

It is known that lightning forms when an electric potential builds up in clouds due to collisions between ice particles, which become electrically charged. This potential is then released as a lightning strike. However, the mechanism by which ice particles become electrically charged has remained unclear, since ice is not piezoelectric -- it cannot generate charge simply by being compressed during a collision.

However, the study shows that ice can become electrically charged when it is subjected to inhomogeneous deformations, i.e. when it bends or deforms irregularly. "During our research, the electric potential generated by bending a slab of ice was measured. Specifically, the block was placed between two metal plates and connected to a measuring device. The results match those previously observed in ice-particle collisions in thunderstorms," explains ICREA Prof. Gustau Catalan, leader of the Oxide Nanophysics Group at ICN2.

Thus, the results suggest that flexoelectricity could be one possible explanation for the generation of the electric potential that leads to lightning during storms. Future perspectives

The researchers in the group are already exploring new lines of investigation aimed at exploiting these properties of ice for real-world applications. Although it is still a bit early to discuss potential solutions, this discovery could pave the way for the development of new electronic devices that use ice as an active material, which could be fabricated directly in cold environments.
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Could these strange rocks be the first true evidence of life on Mars? | ScienceDaily
A new study co-authored by Texas A&M University geologist Dr. Michael Tice has revealed potential chemical signatures of ancient Martian microbial life in rocks examined by NASA's Perseverance rover.


						
The findings, published by a large international team of scientists, focus on a region of Jezero Crater known as the Bright Angel formation -- a name chosen from locations in Grand Canyon National Park because of the light-colored Martian rocks. This area in Mars' Neretva Vallis channel contains fine-grained mudstones rich in oxidized iron (rust), phosphorus, sulfur and -- most notably -- organic carbon. Although organic carbon, potentially from non-living sources like meteorites, has been found on Mars before, this combination of materials could have been a rich source of energy for early microorganisms.

"When the rover entered Bright Angel and started measuring the compositions of the local rocks, the team was immediately struck by how different they were from what we had seen before," said Tice, a geobiologist and astrobiologist in the Department of Geology and Geophysics. "They showed evidence of chemical cycling that organisms on Earth can take advantage of to produce energy. And when we looked even closer, we saw things that are easy to explain with early Martian life but very difficult to explain with only geological processes."

Tice went on to explain that "living things do chemistry that generally occurs in nature anyway given enough time and the right circumstances. To the best of our current knowledge, some of the chemistry that shaped these rocks required either high temperatures or life, and we do not see evidence of high temperatures here. However, these findings require experiments and ultimately laboratory study of the sample here on Earth in order to completely rule out explanations without life."

The team published its findings in Nature. 

A window into Mars' watery past

The Bright Angel formation is composed of sedimentary rocks deposited by water, including mudstones (fine-grained sedimentary rocks made of silt and clay)and layered beds that suggest a dynamic environment of flowing rivers and standing water. Using Perseverance's suite of instruments, including the SHERLOC and PIXL spectrometers, scientists detected organic molecules and small arrangements of minerals that appear to have formed through "redox reactions," chemical processes involving the transfer of electrons. On Earth, those processes are often driven by biological activity.




Among the most striking features are tiny nodules and "reaction fronts" -- nicknamed "poppy seeds" and "leopard spots" by the rover team -- enriched in ferrous iron phosphate (likely vivianite) and iron sulfide (likely greigite). These minerals commonly form in low-temperature, water-rich environments and are often associated with microbial metabolisms.

"It's not just the minerals, it's how they are arranged in these structures that suggests that they formed through the redox cycling of iron and sulfur," Tice said. "On Earth, things like these sometimes form in sediments where microbes are eating organic matter and 'breathing' rust and sulfate. Their presence on Mars raises the question: could similar processes have occurred there?"

Organic matter and redox chemistry

The SHERLOC instrument detected a Raman spectral feature known as the G-band, a signature of organic carbon, in several Bright Angel rocks. The strongest signals came from a site called "Apollo Temple," where both vivianite and greigite were most abundant.

"This co-location of organic matter and redox-sensitive minerals is very compelling," said Tice. "It suggests that organic molecules may have played a role in driving the chemical reactions that formed these minerals."

Tice notes it's important to understand that "organic" does not necessarily mean formed by living things.




"It just means having a lot of carbon-carbon bonds," he explained. "There are other processes that can make those besides life. The kind of organic matter detected here could have been produced by abiotic processes or it could have been produced by living things. If produced by living things, it would have to have been degraded by chemical reactions, radiation or heat to produce the G-band that we observe now."

The study outlines two possible scenarios: one in which these reactions occurred abiotically (driven by geochemical processes) and another in which microbial life may have affected the reactions, as it does on Earth. Strikingly, although some features of the nodules and reaction fronts could be produced by abiotic reactions between organic matter and iron, the known geochemical processes that could have produced the features associated with sulfur usually only work at relatively high temperatures.

"All the ways we have of examining these rocks on the rover suggest that they were never heated in a way that could produce the leopard spots and poppy seeds," said Tice. "If that's the case, we have to seriously consider the possibility that they were made by creatures like bacteria living in the mud in a Martian lake more than three billion years ago."

While the team emphasizes that the evidence is not definitive proof of past life, the findings meet NASA's criteria for "potential biosignatures" -- features that warrant further investigation to determine whether they are biological or abiotic in origin.

A sample worth returning

Perseverance collected a core sample from the Bright Angel formation, named "Sapphire Canyon," which is now stored in a sealed tube carried by the rover. This sample is among those prioritized for return to Earth in a potential future mission.

"Bringing this sample back to Earth would allow us to analyze it with instruments far more sensitive than anything we can send to Mars," said Tice. "We'll be able to look at the isotopic composition of the organic matter, the fine-scale mineralogy, and even search for microfossils if they exist. We'd also be able to perform more tests to determine the highest temperatures experienced by these rocks, and whether high temperature geochemical processes might still be the best way to explain the potential biosignatures."

Tice, who has long studied ancient microbial ecosystems on Earth, said the parallels between Martian and terrestrial processes are striking -- with one important difference.

"What's fascinating is how life may have been making use of some of the same processes on Earth and Mars at around the same time," he said. "We see evidence of microorganisms reacting iron and sulfur with organic matter in the same way in rocks of the same age on Earth, but we'd never be able to see exactly the same features that we see on Mars in the old rocks here. Processing by plate tectonics has heated all our rocks too much to preserve them this way. It's a special and spectacular thing to be able to see them like this on another planet."
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Hubble reveals baby stars in a galaxy torn by gravity | ScienceDaily
This new Hubble Space Telescope Picture of the Week features a galaxy whose asymmetric appearance may be the result of a galactic tug of war. Located 35 million light-years away in the constellation Leo, the spiral galaxy Messier 96 is the brightest of the galaxies in its group. The gravitational pull of its galactic neighbors may be responsible for Messier 96's uneven distribution of gas and dust, asymmetric spiral arms, and off-centre galactic core.


						
This asymmetric appearance is on full display in a new Hubble image, which incorporates observations made in ultraviolet and optical light. Hubble images of Messier 96 have been released previously in 2015 and 2018. Each successive image has added new data, building up a beautiful and scientifically valuable view of the galaxy.

This third version gives an entirely new perspective on Messier 96's star formation. The bubbles of pink gas in this image surround hot, young, massive stars, illuminating a ring of star formation in the outskirts of the galaxy. These young stars are still embedded within the clouds of gas from which they were born. The new data included for the first time in this image will be used to study how stars are born within giant dusty gas clouds, how dust filters starlight, and how stars affect their environments.
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Neutrinos may be the hidden force behind gold and platinum | ScienceDaily
The collision and merger of two neutron stars -- the incredibly dense remnants of collapsed stars -- are some of the most energetic events in the universe, producing a variety of signals that can be observed on Earth. New simulations of neutron star mergers by a team from Penn State and the University of Tennessee Knoxville reveal that the mixing and changing of tiny particles called neutrinos that can travel astronomical distances undisturbed impacts how the merger unfolds, as well as the resulting emissions. The findings have implications for longstanding questions about the origins of metals and rare earth elements as well as understanding physics in extreme environments, the researchers said.


						
The paper, published in the journal Physical Review Letters, is the first to simulate the transformation of neutrino "flavors" in neutron star mergers. Neutrinos are fundamental particles that interact weakly with other matter, and come in three flavors, named for the other particles they associate with: electron, muon and tau. Under specific conditions, including the inside of a neutron star, neutrinos can theoretically change flavors, which can change the types of particles with which they interact.

"Previous simulations of binary neutron star mergers have not included the transformation of neutrino flavor," said Yi Qiu, graduate student in physics in the Penn State Eberly College of Science and first author of the paper. "This is partly because this process happens on a nanosecond timescale and is very difficult to capture and partly because, until recently, we didn't know enough about the theoretical physics underlying these transformations, which falls outside of the standard model of physics. In our new simulations, we found that the extent and location of neutrinos mixing and transforming impacts the matter that is ejected from the merger, the structure and composition of what remains after the merger -- the remnant -- as well as the material around it."

The researchers built a computer simulation of a neutron star merger from the ground up, incorporating a variety of physical processes, including gravity, general relativity, hydrodynamics and the neutrino mixing. They also accounted for the transformation of electron flavor neutrinos to muon flavor, which the researchers said is the most relevant neutrino transformation in this environment. They modeled several scenarios, varying the timing and location of the mixing as well as the density of the surrounding material.

The researchers found that all of these factors influenced the composition and structure of the merger remnant, including the type and quantities of elements created during the merger. During a collision, the neutrons in a neutron star can be launched at other atoms in the debris, which can capture the neutrons and ultimately decay into heavier elements, such as heavy metals like gold and platinum as well as rare earth elements that are used on Earth in smart phones, electric vehicle batteries and other devices.

"A neutrino's flavor changes how it interacts with other matter," said David Radice, Knerr Early Career Professor of Physics and associate professor astronomy and astrophysics in the Penn State Eberly College of Science and an author of the paper. "Electron type neutrinos can take a neutron, one of the three basic parts of an atom, and transform it into the other two, a proton and electron. But muon type neutrinos cannot do this. So, the conversion of neutrino flavors can alter how many neutrons are available in the system, which directly impacts the creation of heavy metals and rare earth elements. There are still many lingering questions about the cosmic origin of these important elements, and we found that accounting for neutrino mixing could increase element production by as much as a factor of 10."

Neutrino mixing during the merger also influenced the amount and composition of matter ejected from the merger, which the researchers said could alter the emissions detectable from Earth. These emissions typically include gravitational waves -- ripples in space time -- as well as electromagnetic radiation like X-rays or gamma rays.




"In our simulations, neutrino mixing impacted the electromagnetic emissions from neutron star mergers and possibly the gravitational waves as well," Radice said. "With cutting-edge detectors like LIGO, Virgo and KAGRA and their next generation counterparts, such as the proposed Cosmic Explorer observatory that could start operations in the 2030s, astronomers are poised to detect gravitational waves more often than we have before. Better understanding how these emissions are created from neutron star mergers will help us interpret future observations."

The researchers said modeling the mixing processes was similar to a pendulum being turned upside down. Initially, many changes occurred on an incredibly rapid timescale, but eventually the pendulum settles to a stable equilibrium. But much of this, they said, is an assumption.

"There's still a lot we don't know about the theoretical physics of these neutrino transformations," Qiu said. "As theoretical particle physics continues to advance, we can greatly improve our simulations. What remains uncertain is where and how these transformations occur in neutron star mergers. Our current understanding suggests they are very likely, and our simulations show that, if they take place, they can have major effects, making it important to include them in future models and analyses."

Now that the infrastructure for these complex simulations has been created, the researchers said they expect other groups will use the technology to continue to explore the impacts of neutrino mixing.

"Neutron star mergers function like cosmic laboratories, providing important insights into extreme physics that we can't replicate safely on Earth," Radice said.

In addition to Qiu and Radice, the research team includes Maitraya Bhattacharyya, postdoctoral scholar in the Penn State Institute for Gravitation and the Cosmos, and Sherwood Richers at the University of Tennessee, Knoxville. Funding from the U.S. Department of Energy, the Sloan Foundation and the U.S. National Science Foundation supported this work.
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NASA just confirmed its 6,000th alien world. Some are truly bizarre | ScienceDaily
The official number of exoplanets -- planets outside our solar system -- tracked by NASA has reached 6,000. Confirmed planets are added to the count on a rolling basis by scientists from around the world, so no single planet is considered the 6,000th entry. The number is monitored by NASA's Exoplanet Science Institute (NExScI), based at Caltech's IPAC in Pasadena, California. There are more than 8,000 additional candidate planets awaiting confirmation, with NASA leading the world in searching for life in the universe.


						
"This milestone represents decades of cosmic exploration driven by NASA space telescopes -- exploration that has completely changed the way humanity views the night sky," said Shawn Domagal-Goldman, acting director, Astrophysics Division, NASA Headquarters in Washington. "Step by step, from discovery to characterization, NASA missions have built the foundation to answering a fundamental question: Are we alone? Now, with our upcoming Nancy Grace Roman Space Telescope and Habitable Worlds Observatory, America will lead the next giant leap -- studying worlds like our own around stars like our Sun. This is American ingenuity, and a promise of discovery that unites us all."

The milestone comes 30 years after the first exoplanet was discovered around a star similar to our Sun, in 1995. (Prior to that, a few planets had been identified around stars that had burned all their fuel and collapsed.) Although researchers think there are billions of planets in the Milky Way galaxy, finding them remains a challenge. In addition to discovering many individual planets with fascinating characteristics as the total number of known exoplanets climbs, scientists are able to see how the general planet population compares to the planets of our own solar system.

For example, while our solar system hosts an equal number of rocky and giant planets, rocky planets appear to be more common in the universe. Researchers have also found a range of planets entirely different from those in our solar system. There are Jupiter-size planets that orbit closer to their parent star than Mercury orbits the Sun; planets that orbit two stars, no stars, and dead stars; planets covered in lava; some with the density of Styrofoam; and others with clouds made of gemstones.

"Each of the different types of planets we discover gives us information about the conditions under which planets can form and, ultimately, how common planets like Earth might be, and where we should be looking for them," said Dawn Gelino, head of NASA's Exoplanet Exploration Program (ExEP), located at the agency's Jet Propulsion Laboratory in Southern California. "If we want to find out if we're alone in the universe, all of this knowledge is essential."

Searching for other worlds

Fewer than 100 exoplanets have been directly imaged, because most planets are so faint they get lost in the light from their parent star. The other four methods of planet detection are indirect. With the transit method, for instance, astronomers look for a star to dim for a short period as an orbiting planet passes in front of it.




To account for the possibility that something other than an exoplanet is responsible for a particular signal, most exoplanet candidates must be confirmed by follow-up observations, often using an additional telescope, and that takes time. That's why there is a long list of candidates in the NASA Exoplanet Archive (hosted by NExScI) waiting to be confirmed.

"We really need the whole community working together if we want to maximize our investments in these missions that are churning out exoplanets candidates," said Aurora Kesseli, the deputy science lead for the NASA Exoplanet Archive at IPAC. "A big part of what we do at NExScI is build tools that help the community go out and turn candidate planets into confirmed planets."

The rate of exoplanet discoveries has accelerated in recent years (the database reached 5,000 confirmed exoplanets just three years ago), and this trend seems likely to continue. Kesseli and her colleagues anticipate receiving thousands of additional exoplanet candidates from the ESA (European Space Agency) Gaia mission, which finds planets through a technique called astrometry, and NASA's upcoming Nancy Grace Roman Space Telescope, which will discover thousands of new exoplanets primarily through a technique called gravitational microlensing.

Future exoplanets

At NASA, the future of exoplanet science will emphasize finding rocky planets similar to Earth and studying their atmospheres for biosignatures -- any characteristic, element, molecule, substance, or feature that can be used as evidence of past or present life. NASA's James Webb Space Telescope has already analyzed the chemistry of over 100 exoplanet atmospheres.

But studying the atmospheres of planets the size and temperature of Earth will require new technology. Specifically, scientists need better tools to block the glare of the star a planet orbits. And in the case of an Earth-like planet, the glare would be significant: The Sun is about 10 billion times brighter than Earth -- which would be more than enough to drown out our home planet's light if viewed by a distant observer.




NASA has two main initiatives to try overcoming this hurdle. The Roman telescope will carry a technology demonstration instrument called the Roman Coronagraph that will test new technologies for blocking starlight and making faint planets visible. At its peak performance, the coronagraph should be able to directly image a planet the size and temperature of Jupiter orbiting a star like our Sun, and at a similar distance from that star. With its microlensing survey and coronagraphic observations, Roman will reveal new details about the diversity of planetary systems, showing how common solar systems like our own may be across the galaxy.

Additional advances in coronagraph technology will be needed to build a coronagraph that can detect a planet like Earth. NASA is working on a concept for such a mission, currently named the Habitable Worlds Observatory.

More about ExEP, NExScI

NASA's Exoplanet Exploration Program is responsible for implementing the agency's plans for the discovery and understanding of planetary systems around nearby stars. It acts as a focal point for exoplanet science and technology and integrates cohesive strategies for future discoveries. The science operations and analysis center for ExEP is NExScI, based at IPAC, a science and data center for astrophysics and planetary science at Caltech. JPL is managed by Caltech for NASA.
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Scientists just made atoms talk to each other inside silicon chips | ScienceDaily
UNSW engineers have made a significant advance in quantum computing: they created 'quantum entangled states' - where two separate particles become so deeply linked they no longer behave independently - using the spins of two atomic nuclei. Such states of entanglement are the key resource that gives quantum computers their edge over conventional ones.


						
The research was published on Sept. 18 in the journal Science, and is an important step towards building large-scale quantum computers - one of the most exciting scientific and technological challenges of the 21st century.

Lead author Dr Holly Stemp says the achievement unlocks the potential to build the future microchips needed for quantum computing using existing technology and manufacturing processes.

"We succeeded in making the cleanest, most isolated quantum objects talk to each other, at the scale at which standard silicon electronic devices are currently fabricated," she says.

The challenge facing quantum computer engineers has been to balance two opposing needs: shielding the computing elements from external interference and noise, while still enabling them to interact to perform meaningful computations. This is why there are so many different types of hardware still in the race to be the first operating quantum computer: some are very good for performing fast operations, but suffer from noise; others are well shielded from noise, but difficult to operate and scale up.

The UNSW team has invested on a platform that - until today - could be placed in the second camp. They have used the nuclear spin of phosphorus atoms, implanted in a silicon chip, to encode quantum information.

"The spin of an atomic nucleus is the cleanest, most isolated quantum object one can find in the solid state," says Scientia Professor Andrea Morello, UNSW School of Electrical Engineering & Telecommunications.




"Over the last 15 years, our group has pioneered all the breakthroughs that made this technology a real contender in the quantum computing race. We already demonstrated that we could hold quantum information for over 30 seconds - an eternity, in the quantum world - and perform quantum logic operations with less than 1% errors.

"We were the first in the world to achieve this in a silicon device, but it all came at a price: the same isolation that makes atomic nuclei so clean, makes it hard to connect them together in a large-scale quantum processor."

Until now, the only way to operate multiple atomic nuclei was for them to be placed very close together inside a solid, and to be surrounded by one and the same electron.

"Most people think of an electron as the tiniest subatomic particle, but quantum physics tells us that it has the ability to 'spread out' in space, so that it can interact with multiple atomic nuclei," says Dr Holly Stemp, who conducted this research at UNSW and is now a postdoctoral researcher at MIT in Boston.

"Even so, the range over which the electron can spread is quite limited. Moreover, adding more nuclei to the same electron makes it very challenging to control each nucleus individually."

Making atomic nuclei talk through electronic 'telephones'

"By way of metaphor one could say that, until now, nuclei were like people placed in a sound-proof room," Dr Stemp says.




"They can talk to each other as long as they are all in the same room, and the conversations are really clear. But they can't hear anything from the outside, and there's only so many people who can fit inside the room. This mode of conversation doesn't 'scale'.

"With this breakthrough, it's as if we gave people telephones to communicate to other rooms. All the rooms are still nice and quiet on the inside, but now we can have conversations between many more people, even if they are far away."

The 'telephones' are, in fact, electrons. Mark van Blankenstein, another author on the paper, explains what's really going on at the sub-atomic level.

"By their ability to spread out in space, two electrons can 'touch' each other at quite some distance. And if each electron is directly coupled to an atomic nucleus, the nuclei can communicate through that."

So how far apart were the nuclei involved in the experiments?

"The distance between our nuclei was about 20 nanometers - one thousandth of the width of a human hair," says Dr Stemp.

"That doesn't sound like much, but consider this: if we scaled each nucleus to the size of a person, the distance between the nuclei would be about the same as that between Sydney and Boston!"

She adds that 20 nanometers is the scale at which modern silicon computer chips are routinely manufactured to work in personal computers and mobile phones.

"You have billions of silicon transistors in your pocket or in your bag right now, each one about 20 nanometers in size. This is our real technological breakthrough: getting our cleanest and most isolated quantum objects talking to each other at the same scale as existing electronic devices. This means we can adapt the manufacturing processes developed by the trillion-dollar semiconductor industry, to the construction of quantum computers based on the spins of atomic nuclei."

A scalable way forward

Despite the exotic nature of the experiments, the researchers say these devices remain fundamentally compatible with the way all current computer chips are built. The phosphorus atoms were introduced in the chip by the team of Professor David Jamieson at the University of Melbourne, using an ultra-pure silicon slab supplied by Professor Kohei Itoh at Keio University in Japan.

By removing the need for the atomic nuclei to be attached to the same electron, the UNSW team has swept aside the biggest roadblock to the scale-up of silicon quantum computers based on atomic nuclei.

"Our method is remarkably robust and scalable. Here we just used two electrons, but in the future we can even add more electrons, and force them in an elongated shape, to spread out the nuclei even further," Prof. Morello says.

"Electrons are easy to move around and to 'massage' into shape, which means the interactions can be switched on and off quickly and precisely. That's exactly what is needed for a scalable quantum computer."
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This stunning X-ray advance could help detect cancer earlier | ScienceDaily
When German physicist Wilhelm Rontgen discovered X-rays in the late 1800s while experimenting with cathode ray tubes, it was a breakthrough that transformed science and medicine. So much so that the basic concept remains in use today. But a team of researchers at Sandia National Laboratories believes they've found a better way, harnessing different metals and the colors of light they emit.


						
"It's called colorized hyperspectral X-ray imaging with multi-metal targets, or CHXI MMT for short," said project lead Edward Jimenez, an optical engineer. Jimenez has been working with materials scientist Noelle Collins and electronics engineer Courtney Sovinec to create X-rays of the future.

"With this new technology, we are essentially going from the old way, which is black and white, to a whole new colored world where we can better identify materials and defects of interest," Collins said.

The team found they could achieve this using tiny, patterned samples of varied metals such as tungsten, molybdenum, gold, samarium and silver.

The Basics of X-ray Creation

To understand the concept, one must understand the basics of X-ray creation. Traditional X-rays are generated by bombarding a single metal target, or anode, with high-energy electrons. Those X-rays are channeled into a beam and directed at a subject or material. Denser tissues, like bone, absorb more X-rays, while less dense tissues, like muscles and organs allow more to pass through. A detector records the pattern, creating an image.

While X-ray technology has advanced over time, the basic concept remains the same, which limits resolution and clarity.




A New Type of X-Ray Image

The Sandia team set out to solve that limitation by making the X-ray focal spot smaller. The smaller the spot, the sharper the image.

They achieved this by designing an anode with metal dots patterned to be collectively smaller than the beam, effectively reducing the focal point.

But the team decided they wanted to push the limits and took the concept a step further.

"We chose different metals for each dot," Sovinec said. "Each metal emits a particular 'color' of X-ray light. When combined with an energy discriminating detector, we can count individual photons, which provide density information, and measure the energy of each photon. This allows us to characterize the elements of the sample."

The result is colorized images with what the team calls revolutionary image clarity and a better understanding of an object's composition.




"We get a more accurate representation of the shape and definition of that object, which is going to allow us to make unprecedented measurements and unprecedented observations," Jimenez said.

Far-reaching applications

The team sees this as a major advancement for X-ray technology with a wide range of uses, from airport security and quality control to nondestructive testing and advanced manufacturing.

They also hope its impact will improve medical diagnostics.

"With this technology, you can see even slight differences between materials," Jimenez said. "We hope this will help better identify things like cancer and more effectively analyze tumor cells. In mammography you are trying to catch something before it grows. In breast tissue, it's hard to identify the different dots, but with colorization you have a sharper beam and higher resolution image that increases the system's capability to detect a microcalcification. It's really exciting to be a part of that."

"From here we will continue to innovate," Collins said. "We hope to identify threats faster, diagnose diseases quicker and hopefully create a safer, healthier world."

The team was recently awarded an R&D 100 award for their technology. They were among six winners from Sandia. Click for R&D 100 Submission video with soundbites.
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New cooling breakthrough nearly doubles efficiency | ScienceDaily
Researchers at the Johns Hopkins Applied Physics Laboratory (APL) in Laurel, Maryland, have developed a new, easily manufacturable solid-state thermoelectric refrigeration technology with nano-engineered materials that is twice as efficient as devices made with commercially available bulk thermoelectric materials. As global demand grows for more energy-efficient, reliable and compact cooling solutions, this advancement offers a scalable alternative to traditional compressor-based refrigeration.


						
In a paper published in Nature Communications, a team of researchers from APL and refrigeration engineers from Samsung Research demonstrated improved heat-pumping efficiency and capacity in refrigeration systems attributable to high-performance nano-engineered thermoelectric materials invented at APL known as controlled hierarchically engineered superlattice structures (CHESS).

The CHESS technology is the result of 10 years of APL research in advanced nano-engineered thermoelectric materials and applications development. Initially developed for national security applications, the material has also been used for noninvasive cooling therapies for prosthetics and won an R&D 100 award in 2023.

"This real-world demonstration of refrigeration using new thermoelectric materials showcases the capabilities of nano-engineered CHESS thin films," said Rama Venkatasubramanian, principal investigator of the joint project and chief technologist for thermoelectrics at APL. "It marks a significant leap in cooling technology and sets the stage for translating advances in thermoelectric materials into practical, large-scale, energy-efficient refrigeration applications."

A New Benchmark for Solid-State Cooling

The push for more efficient and compact cooling technologies is fueled by a variety of factors, including population growth, urbanization and an increasing reliance on advanced electronics and data infrastructure. Conventional cooling systems, while effective, are often bulky, energy intensive and reliant on chemical refrigerants that can be harmful to the environment.

Thermoelectric refrigeration is widely regarded as a potential solution. This method cools by using electrons to move heat through specialized semiconductor materials, eliminating the need for moving parts or harmful chemicals, making these next-generation refrigerators quiet, compact, reliable and sustainable. Bulk thermoelectric materials are used in small devices like mini-fridges, but their limited efficiency, low heat-pumping capacity and incompatibility with scalable semiconductor chip fabrication have historically prevented their wider use in high-performance systems.




In the study, researchers compared refrigeration modules using traditional bulk thermoelectric materials with those using CHESS thin-film materials in standardized refrigeration tests, measuring and comparing the electrical power needed to achieve various cooling levels in the same commercial refrigerator test systems. Samsung Research's Life Solution Team, led by executive vice president Joonhyun Lee, collaborated with APL to validate the results through detailed thermal modeling, quantifying heat loads and thermal resistance parameters to ensure accurate performance evaluation under real-world conditions.

The results were striking: Using CHESS materials, the APL team achieved nearly 100% improvement in efficiency over traditional thermoelectric materials at room temperature (around 80 degrees Fahrenheit, or 25 C). They then translated these material-level gains into a near 75% improvement in efficiency at the device level in thermoelectric modules built with CHESS materials and a 70% improvement in efficiency in a fully integrated refrigeration system, each representing a significant improvement over state-of-the-art bulk thermoelectric devices. These tests were completed under conditions that involved significant amounts of heat pumping to replicate practical operation.

Built to Scale

Beyond improving efficiency, the CHESS thin-film technology uses remarkably less material -- just 0.003 cubic centimeters, or about the size of a grain of sand, per refrigeration unit. This reduction in material means APL's thermoelectric materials could be mass-produced using semiconductor chip production tools, driving cost efficiency and enabling widespread market adoption.

"This thin-film technology has the potential to grow from powering small-scale refrigeration systems to supporting large building HVAC applications, similar to the way that lithium-ion batteries have been scaled to power devices as small as mobile phones and as large as electric vehicles," Venkatasubramanian said.

Additionally, the CHESS materials were created using a well-established process commonly used to manufacture high-efficiency solar cells that power satellites and commercial LED lights.




"We used metal-organic chemical vapor deposition (MOCVD) to produce the CHESS materials, a method well known for its scalability, cost-effectiveness and ability to support large-volume manufacturing," said Jon Pierce, a senior research engineer who leads the MOCVD growth capability at APL. "MOCVD is already widely used commercially, making it ideal for scaling up CHESS thin-film thermoelectric materials production."

These materials and devices continue to show promise for a broad range of energy harvesting and electronics applications in addition to the recent advances in refrigeration. APL plans to continue to partner with organizations to refine the CHESS thermoelectric materials with a focus on boosting efficiency to approach that of conventional mechanical systems. Future efforts include demonstrating larger-scale refrigeration systems, including freezers, and integrating artificial intelligence-driven methods to optimize energy efficiency in compartmentalized or distributed cooling in refrigeration and HVAC equipment.

"Beyond refrigeration, CHESS materials are also able to convert temperature differences, like body heat, into usable power," said Jeff Maranchi, Exploration Program Area manager in APL's Research and Exploratory Development Mission Area. "In addition to advancing next-generation tactile systems, prosthetics and human-machine interfaces, this opens the door to scalable energy-harvesting technologies for applications ranging from computers to spacecraft -- capabilities that weren't feasible with older bulkier thermoelectric devices."

"The success of this collaborative effort demonstrates that high-efficiency solid-state refrigeration is not only scientifically viable but manufacturable at scale," said Susan Ehrlich, an APL technology commercialization manager. "We're looking forward to continued research and technology transfer opportunities with companies as we work toward translating these innovations into practical, real-world applications."
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Shocking study exposes widespread math research fraud | ScienceDaily
An international team of authors led by Ilka Agricola, professor of mathematics at the University of Marburg, Germany, has investigated fraudulent practices in the publication of research results in mathematics on behalf of the German Mathematical Society (DMV) and the International Mathematical Union (IMU), documenting systematic fraud over many years. The results of the study were recently published on the preprint server arxiv.org and in the Notices of the American Mathematical Society (AMS) and have since caused a stir among mathematicians.


						
To solve the problem, the study also provides recommendations for the publication of research results in mathematics.

Nowadays, research quality is often no longer measured directly by the content of publications, but increasingly by commercial indicators such as the number of publications/citations by authors or the "reputation" (impact factor) of journals. These indicators are calculated in a non-transparent manner and without the involvement of the scientific community by commercial providers, who use them to boost sales of their databases worldwide. Fraudulent companies offer their services specifically to optimize these metrics. This is worthwhile for both individuals and institutions, because a higher ranking, e.g., in a university ranking, means better access to funding and (in an international context) the possibility of charging higher tuition fees and attracting more applicants. The collateral damage is a high percentage of publications whose sole purpose is to boost the indicators, but which no one reads because they contain no new scientific findings or are even flawed.

The study cites some striking examples. For example, based on its database, the market leader for metrics, Clarivate Inc., calculated in 2019 that the university with the most world-class researchers in mathematics is a university in Taiwan -- where mathematics is not even offered as a subject. Megajournals, which print anything as long as the authors pay for it, now publish more articles per year than all reputable mathematics journals (which do not require payment) combined. Fraudsters anonymously offer everything that influences key figures for sale, from articles to citations, in exchange for payment.

"'Fake science' is not only annoying, it is a danger to science and society," emphasizes IMU Secretary General Prof. Christoph Sorger. "Because you don't know what is valid and what is not. Targeted disinformation undermines trust in science and also makes it difficult for us mathematicians to decide which results can be used as a basis for further research." DMV President Prof. Jurg Kramer added: "The recommendations developed by the commission are a call to all of us to work toward a system change."
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Alien water worlds were just a mirage | ScienceDaily
An exoplanet orbiting a dwarf star 124 light-years from Earth made headlines around the world in April 2025. Researchers at the University of Cambridge reported that planet K2-18b could be a marine world with a deep, global ocean teeming with life. However, a study now shows that so-called sub-Neptunes such as K2-18b are highly unlikely to be worlds dominated by water and that conditions there are far from conducive to life. "Water on planets is much more limited than previously believed," notes Caroline Dorn, professor of exoplanets at ETH Zurich.


						
The study was conducted under the leadership of ETH Zurich, in collaboration with researchers from the Max Planck Institute for Astronomy in Heidelberg and the University of California in Los Angeles. K2-18b is larger than Earth but smaller than Neptune, placing it in a class of planets that do not exist in our solar system. However, observations show that they are common in outer space. Some of these sub-Neptunes were probably formed far away from their central star, beyond the so-called snow line where water freezes into ice and later migrates inwards.

Until now, it had been assumed that some of these planets were able to accumulate particularly large amounts of water during their formation and now harbour deep, global oceans beneath a hydrogen-rich atmosphere. Experts refer to these as Hycean planets: a combination of "hydrogen" and "ocean."

Factoring in the chemistry

"Our calculations show that this scenario is not possible," says Dorn. This is because a fundamental vulnerability of previous studies was that they ignored any chemical coupling between the atmosphere and the interior of the planet. "We have now factored in the interactions between the planet's interior and its atmosphere," explains Aaron Werlen, a researcher on Dorn's team and lead author of the study which was published in The Astrophysical Journal Letters.

The researchers assume that, in an early stage of their formation, the sub-Neptunes went through a phase in which they were covered by a deep, hot magma ocean. A shell of hydrogen gas ensured that this phase was maintained for millions of years.

"In our study, we investigated how the chemical interactions between magma oceans and atmospheres affect the water content of young sub-Neptune exoplanets," says Werlen.




To do this, the researchers used an existing model that describes planetary evolution over a specific period of time. They combined this with a new model that calculates the chemical processes that take place between the gas in the atmosphere, and the metals and silicates in the magma.

Water disappearing into the interior

The researchers calculated the chemical equilibrium state of 26 different components for a total of 248 model planets. The computer simulations showed that the chemical processes destroy most H2O water molecules. Hydrogen (H) and oxygen (O) attach themselves to metallic compounds, and these largely disappear into the planet's core.

Even though the accuracy of such calculations has some limitations, the researchers are convinced by the results. "We focus on the major trends and can clearly see in the simulations that the planets have much less water than they originally accumulated," explains Werlen. "The water that actually remains on the surface as H2O is limited to a few per cent at most."

In an earlier publication, Dorn's group was already able to show how most of a planet's water is hidden in the interior. "In the current study, we analysed how much water there is in total on these sub-Neptunes," explains the researcher, "According to the calculations, there are no distant worlds with massive layers of water where water makes up around 50 percent of the planet's mass, as was previously thought. Hycean worlds with 10-90 percent water are therefore very unlikely."

This makes the search for extra-terrestrial life more difficult than hoped for. Conditions conducive to life, with sufficient liquid water on the surface, are likely to exist only on smaller planets, which will probably be observable only with observatories even better than the James Webb Space Telescope.




Earth not a special case

Dorn finds the role of our Earth particularly exciting in light of the new calculations which show that most distant planets have similar water content to our planet. "The Earth may not be as extraordinary as we think. In our study, at least, it appears to be a typical planet," she says.

The researchers were also surprised by a seemingly paradoxical difference: the planets with the most water-rich atmospheres are not those that have accumulated the most ice beyond the snow line, but rather planets that formed within the snow line. On these planets, the water did not come from ice crystals, but was produced chemically when hydrogen in the planetary atmosphere reacted with oxygen from the silicates in the magma ocean to form H2O molecules.

"These findings challenge the classic link between ice-rich formation and water-rich atmospheres. Instead, they highlight the dominant role of the equilibrium between magma ocean and atmosphere in shaping planetary composition," concludes Werlen. This will have far-reaching implications for theories of planetary formation and the interpretation of exoplanetary atmospheres in the age of the James Webb Telescope.
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Scientists just found the hidden cosmic fingerprints of dark matter | ScienceDaily
A Rutgers-led team of scientists has uncovered evidence of how galaxies expand by tracing the invisible scaffolding of the universe created by a mysterious substance known as dark matter.


						
In a newly published study in Astrophysical Journal Letters, researchers used what they said are the largest-ever samples of special galaxies called Lyman-alpha emitters to study how galaxies clumped together over billions of years. In doing so, they gained an improved understanding of how galaxies relate to the surrounding dark matter and how they evolve over time.

"Analyzing these fingerprints gives us insight into the mass of dark matter surrounding the galaxies," said Eric Gawiser, a Distinguished Professor with the Department of Physics and Astronomy in the Rutgers School of Arts and Sciences and an author of the study. "The dark matter masses revealed by this study are consistent with the idea that Lyman-alpha emitting galaxies evolved into present-day galaxies like our own Milky Way."

The analysis, which assessed wide-field images across three different eras of the universe's history shortly after the Big Bang, revealed distinct patterns, akin to cosmic fingerprints. These patterns point to where dark matter is most concentrated, the researchers said.

Dark matter, a mysterious substance that doesn't emit light or energy, cannot be seen, but makes up most of the matter in the universe, according to scientists. They know dark matter exists because its gravity affects how galaxies move and how these vast cosmic systems are arranged in space.

The study, led by Rutgers doctoral student Dani Herrera, used data from the ODIN (One-hundred-square-degree DECam Imaging in Narrowbands) survey, which is a large astronomical project designed to analyze more than 100,000 Lyman-alpha emitting galaxies.

The researchers focused on data taken from a region of the sky known as the Cosmic Evolution Survey Deep Field (COSMOS), in one of the largest deep-sky surveys ever conducted. Looking deep into space and into the distant past, they viewed three time periods, some 2.8 billion, 2.1 billion and 1.4 billion years after the Big Bang. During these periods, Lyman-alpha emitter galaxies were young and actively forming stars, making them ideal markers for study. They also contain hydrogen gas that emits a special glow, which allows scientists to discover large numbers of them in the distant universe.




"We wanted to find the dark matter whose gravity drives galaxies to merge and grow," Herrera said. "Understanding where it is and how it has evolved helps us understand how the universe itself has evolved."

Dark matter plays a crucial role in galaxy formation by acting as a gravitational "glue" that helps pull gas together to form galaxies, Herrera said. Its invisible mass creates deep wells in space where galaxies can grow, merge and evolve, forming the large-scale structure of the universe.

"We used the clumpiness of these galaxies to identify where the dark matter was densest," Gawiser said. "Visualizing that with a contour map, much the way that a hiking map shows elevations, lets us observe the 'fingerprints' of dark matter in the distant universe."

One result stood out. Three percent to 7% of the dense regions of dark matter capable of hosting galaxies contain Lyman-alpha emitting galaxies, they found. This means that Lyman-alpha emitting galaxies represent a small percentage of the galaxies forming where the dark matter is densest. The low percentage hints that the galaxies were observed during a short-lived phase, glowing in Lyman-alpha light for tens to hundreds of millions of years.

To uncover these results, the researchers used a technique called clustering which measures how galaxies are grouped compared with random distributions. They calculated the angular correlation function, a method of counting pairs of galaxies.

This research, the scientists said, not only deepens understanding of galaxy evolution but also helps scientists refine models of the universe's structure. As the ODIN survey continues, future studies will expand to more galaxies, offering a more complete view of the cosmic web, they said.

"While invisible to our telescopes, dark matter shapes the universe through interactions with visible material," Gawiser said. "While some try to understand what it is, others like this research team try to understand where it is and what that implies about the evolution of the universe."
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Cosmic simulations that once needed supercomputers now run on a laptop | ScienceDaily
If you think a galaxy is big, compare it to the size of the Universe: it's just a tiny dot which, together with a huge number of other tiny dots, forms clusters that aggregate into superclusters, which in turn weave into filaments threaded with voids -- an immense 3D skeleton of our Universe.


						
If that gives you vertigo and you're wondering how one can understand or even "see" something so vast, the answer is: it isn't easy. Scientists combine the physics of the Universe with data from astronomical instruments and build theoretical models, such as EFTofLSS (Effective Field Theory of Large-Scale Structure). Fed with observations, these models describe the "cosmic web" statistically and allow its key parameters to be estimated.

Models like EFTofLSS, however, demand a lot of time and computing resources. Since the astronomical datasets at our disposal are growing exponentially, we need ways to lighten the analysis without losing precision. This is why emulators exist: they "imitate" how the models respond, but operate much faster.

Since this is a kind of "shortcut," what's the risk of losing accuracy? An international team including, among others, INAF (Italy), The University of Parma (Italy) and the University of Waterloo (Canada) has published in the Journal of Cosmology and Astroparticle Physics (JCAP) a study testing the emulator Effort.jl, which they designed. It shows that Effort.jl delivers essentially the same correctness as the model it imitates -- sometimes even finer detail -- while running in minutes on a standard laptop instead of a supercomputer.

"Imagine wanting to study the contents of a glass of water at the level of its microscopic components, the individual atoms, or even smaller: in theory you can. But if we wanted to describe in detail what happens when the water moves, the explosive growth of the required calculations makes it practically impossible," explains Marco Bonici, a researcher at the University of Waterloo and first author of the study. "However, you can encode certain properties at the microscopic level and see their effect at the macroscopic level, namely the movement of the fluid in the glass. This is what an effective field theory does, that is, a model like EFTofLSS, where the water in my example is the Universe on very large scales and the microscopic components are small-scale physical processes."

The theoretical model statistically explains the structure that gives rise to the data collected: the astronomical observations are fed to the code, which computes a "prediction." But this requires time and substantial compute. Given today's data volume -- and what is expected from surveys just begun or coming soon (such as DESI, which has already released its first batch of data, and Euclid) -- it's not practical to do this exhaustively every time.

"This is why we now turn to emulators like ours, which can drastically cut time and resources," Bonici continues. An emulator essentially mimics what the model does: its core is a neural network that learns to associate the input parameters with the model's already-computed predictions. The network is trained on the model's outputs and, after training, can generalize to combinations of parameters it hasn't seen. The emulator doesn't "understand" the physics itself: it knows the theoretical model's responses very well and can anticipate what it would output for a new input. Effort.jl's originality is that it further reduces the training phase by building into the algorithm knowledge we already have about how predictions change when parameters change: instead of making the network "re-learn" these, it uses them from the start. Effort.jl also uses gradients -- i.e., "how much and in which direction" predictions change if you tweak a parameter by a tiny amount -- another element that helps the emulator learn from far fewer examples, cutting compute needs and allowing it to run on smaller machines.

A tool like this needs extensive validation: if the emulator doesn't know the physics, how sure are we that its shortcut yields correct answers (i.e., the same ones the model would give)? The newly published study answers exactly this, showing that Effort.jl's accuracy -- on both simulated and real data -- is in close agreement with the model. "And in some cases, where with the model you have to trim part of the analysis to speed things up, with Effort.jl we were able to include those missing pieces as well," Bonici concludes. Effort.jl thus emerges as a valuable ally for analyzing upcoming data releases from experiments like DESI and Euclid, which promise to greatly deepen our knowledge of the Universe on large scales.

The study "Effort.jl: a fast and differentiable emulator for the Effective Field Theory of the Large Scale Structure of the Universe" by Marco Bonici, Guido D'Amico, Julien Bel and Carmelita Carbone is available in the Journal of Cosmology and Astroparticle Physics (JCAP).
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Lasers just made atoms dance, unlocking the future of electronics | ScienceDaily
Researchers at Michigan State University have figured out how to use a fast laser to wiggle atoms in a way that temporarily changes the behavior of their host material. Their novel approach could lead to smaller, and more efficient electronics -- like smartphones -- in the future.


						
Tyler Cocker, an associate professor in the College of Natural Science, and Jose L. Mendoza-Cortes, an assistant professor in the colleges of Engineering and Natural Science, have combined the experimental and theoretical sides of quantum mechanics -- the study of the strange ways atoms behave at a very small scale -- to push the boundaries of what materials can do to improve electronic technologies we use every day.

"This experience has been a reminder of what science is really like because we found materials that are working in ways that we didn't expect," said Cocker. "Now, we want to look at something that is going to be technologically interesting for people in the future."

Using a material called tungsten ditelluride, or WTe2,which is made up of a layer of tungsten, or W atoms, sandwiched between two layers of tellurium, or Te atoms, Cocker's team conducted a series of experiments where they placed this material under a specialized microscope they built. While microscopes are typically used to look at things that are hard for the human eye to see, like individual cells, Cocker's scanning tunneling microscope can show individual atoms on the surface of a material. It does this by moving an extremely sharp metal tip over the surface, "feeling" atoms through an electrical signal, like reading braille. While looking at the atoms on the surface of WTe2, Cocker and his team used a super-fast laser to create terahertz pulses of light that were moving at speeds of hundreds of trillions of times per second. These terahertz pulses were focused onto the tip. At the tip, the strength of the pulses was increased enormously, allowing the researchers to wiggle the top layer of atoms directly beneath the tip and gently nudge that layer out of alignment from the remaining layers underneath it. Think of it like a stack of papers with the top sheet slightly crooked.

While the laser pulses illuminated the tip and WTe2,the top layer of the material behaved differently, exhibiting new electronic properties not observed when the laser was turned off. Cocker and his team realized the terahertz pulses together with the tip could be used like a nanoscale switch to temporarily change the electrical properties of WTe2 to upscale the next generation of devices. Cocker's microscope could even see the atoms moving during this process and photograph the unique "on" and "off" states of the switch they had created.

When Cocker and Mendoza-Cortes realized that they were working on similar projects from different perspectives, Cocker's experimental side joined with Mendoza's theoretical side of quantum mechanics. Mendoza-Cortes' research focuses on creating computer simulations. By comparing the results of Mendoza's quantum calculations to Cocker's experiments, both labs yielded the same results -- independently and by using different tools.

"Our research is complementary; it's the same observations but through different lenses," said Mendoza-Cortes. "When our model matched the same answers and conclusions they found in their experiments, we have a better picture of what is going on."

The Mendoza lab computationally found that the layers of WTe2 shift by 7 picometers while they are wiggling, which is hard to observe by the specialized microscope alone. Also, they were able to confirm that the frequencies at which the atoms wiggle match between the experiment and theory, but the quantum calculations can tell which way they wiggle and by how much.




"The movement only occurs on the topmost layer, so it is very localized," said Daniel Maldonado-Lopez, a fourth-year graduate student in Mendoza's lab. "This can potentially be applied in building faster and smaller electronics."

Cocker and Mendoza-Cortes hope this research will lead to the use of new materials, lower costs, faster speeds and greater energy efficiency for future phones and computer technology.

"When you think about your smartphone or your laptop, all of the components that are in there are made out of a material," said Stefanie Adams, a fourth-year graduate student in Cocker's lab. "At some point, someone decided that's the material we're going use."

The research appeared in Nature Photonics and was supported in part through computational resources and services provided by the Institute for Cyber-Enabled Research at Michigan State University.

Why this matters:
    	Wiggling atoms in new quantum materials could lead to more efficient electronics that are smaller and faster.
    	These new materials have surprising properties and could be key elements for next-generation quantum computers.
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      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        Hidden bacterial molecules in the brain reveal new secrets of sleep
        New studies show that a bacterial molecule, peptidoglycan, is present in the brain and fluctuates with sleep patterns. This challenges the idea that sleep is solely brain-driven, instead suggesting it's a collaborative process between our bodies and microbiomes. The theory links microbes not only to sleep but also to cognition, appetite, and behavior, pointing to a profound evolutionary relationship.

      

      
        Breakthrough wetsuits slash shark attack injuries and save lives
        Shark experts tested four innovative wetsuit materials to measure how well they reduce shark-bite injuries. The results show they can lessen major trauma, blood loss, and even save lives when compared to standard neoprene. While not a perfect shield, these suits represent a leap forward in personal protection.

      

      
        This flower smells like dying ants, and flies can't resist it
        Vincetoxicum nakaianum tricks flies into pollinating it by imitating the smell of ants attacked by spiders. Ko Mochizuki stumbled upon this finding when he noticed flies clustering around the flowers and later confirmed their unusual preference. The study reveals the first known case of ant odor mimicry in plants, expanding our understanding of how diverse floral deception can be.

      

      
        This forgotten king united England long before 1066
        AEthelstan, crowned in 925, was the first true king of England but remains overshadowed by Alfred the Great and later rulers. A new biography highlights his military triumphs, legal innovations, and cultural patronage that shaped England's identity. From the decisive Battle of Brunanburh to his reforms in governance and learning, AEthelstan's legacy is finally being revived after centuries of neglect.

      

      
        A tiny mineral may hold the secret to feeding billions sustainably
        Rice, a staple for billions, is one of the most resource-hungry crops on the planet--but scientists may have found a way to change that. By applying nanoscale selenium directly to rice plants, researchers dramatically improved nitrogen efficiency, boosted yields, and made grains more nutritious while reducing fertilizer use and cutting greenhouse gas emissions.

      

      
        Scientists crack the explosive secret of how diamonds reach the surface
        Diamonds hitch a ride to the surface through explosive kimberlite eruptions, powered by volatile-rich magmas. New simulations show that carbon dioxide and water are the secret ingredients that make these eruptions possible.

      

      
        Mushrooms evolved psychedelics twice, baffling scientists
        Researchers found that magic mushrooms and fiber caps independently evolved different biochemical pathways to create psilocybin. This convergence shows nature's ingenuity, but the reason why remains unknown--possibly predator deterrence. Beyond evolutionary mystery, the discovery provides new enzyme tools for biotech, with promising applications for producing psilocybin-based medicines.

      

      
        Diamonds reveal hidden chemistry deep inside Earth
        South African diamonds have revealed nickel-rich metallic inclusions, offering the first direct evidence of reactions predicted to occur deep in Earth's mantle. The study shows how oxidized melts infiltrated reduced rocks, trapping both the cause and effect of diamond formation. These reactions help explain volatile-rich magmas like kimberlites, linking mantle chemistry to volcanic processes. Diamonds emerge as tiny record-keepers of Earth's deep, dynamic engine.

      

      
        Dogs can tell how toys work without any training
        Gifted dogs can categorize toys by function, not just appearance. In playful at-home tests, they linked labels like "fetch" and "pull" to toys--even ones they'd never seen before. The findings hint that dogs form mental concepts of objects, much like humans, pointing to deeper cognitive abilities.

      

      
        Fish love songs recorded for 12 years reveal a surprising shift
        By recording grouper grunts for 12 years, scientists discovered major shifts in how red hind spawn and compete. Courtship calls once dominated, but territorial sounds have surged, suggesting changes in population structure. Machine learning helped decode the patterns quickly, offering a groundbreaking way to monitor and conserve reef fish.

      

      
        Stressed koalas are facing a deadly epidemic
        Researchers have shown that stress and retrovirus levels are tightly linked to disease in koalas. High KoRV loads make koalas more vulnerable to chlamydia, worsening epidemics in stressed populations. Protecting habitats, careful breeding, and antiviral trials are now being pursued to give koalas a fighting chance at survival.

      

      
        Student's pinkie-sized fossil reveals a new croc species
        A 95-million-year-old crocodyliform fossil, affectionately nicknamed Elton, was discovered in Montana by student Harrison Allen. Unlike most crocs, it lived on land and ate a varied diet. The find led to the naming of a new species, Thikarisuchus xenodentes, offering insights into croc evolution and burrow-based fossil preservation. For Allen, it was a life-changing project that launched him into a career in paleontology.

      

      
        This vibrant moth fooled scientists for generations
        For more than a century, a dazzling pink-and-yellow moth was mistaken for a common European species, but DNA analysis revealed it as entirely new: Carcina ingridmariae. Found across the eastern Mediterranean, this hidden beauty had evaded recognition until advanced barcoding techniques exposed its genetic secrets. Entomologist Dr. Peter Huemer confirmed the discovery and, in a heartfelt gesture, named the moth after his wife on their 42nd anniversary, celebrating both science and love.

      

      
        Insects are disappearing from the last places we thought were safe
        A long-term study in Colorado reveals that insect populations are plummeting even in remote, undisturbed areas. Over two decades, flying insect abundance dropped by more than 70%, closely linked to rising summer temperatures. The results suggest that climate change, not just human land use, is driving massive losses. Scientists warn that biodiversity hotspots, especially mountain ecosystems, are now at serious risk.

      

      
        This surprising building material is strong, cheap, and sustainable
        A team at RMIT University has created a cement-free construction material using only cardboard, soil, and water. Strong enough for low-rise buildings, it reduces emissions, costs, and waste compared to concrete. The lightweight, on-site process makes it ideal for remote areas, while its thermal properties naturally cool buildings. Researchers see it as a key step toward greener, more resilient architecture.

      

      
        Childhood plastic exposure could be fueling obesity, infertility, and asthma
        A sweeping review from NYU Langone Health reveals that everyday exposure to plastics--especially during childhood--poses lasting risks for heart disease, infertility, asthma, and even brain development issues. These chemicals, found in packaging, cosmetics, and common household items, can disrupt hormones, ignite chronic inflammation, and lower IQ.

      

      
        The shocking reason Arctic rivers are turning rusty orange
        Researchers found that ice can trigger stronger chemical reactions than liquid water, dissolving iron minerals in extreme cold. Freeze-thaw cycles amplify the effect, releasing iron into rivers and soils. With climate change accelerating these cycles, Arctic waterways may face major transformations.

      

      
        Hidden for 125 years, a Welsh fossil turns out to be a dinosaur
        More than a century after its discovery, a mysterious fossil from South Wales has finally been confirmed as belonging to a new species of predatory dinosaur. Using cutting-edge digital scanning, researchers reconstructed the long-lost jawbone, revealing unique features that warranted a new name: Newtonsaurus.

      

      
        Could these strange rocks be the first true evidence of life on Mars?
        In Jezero Crater's Bright Angel formation, Perseverance has found rocks rich in organic molecules and minerals linked to microbial metabolism. Their arrangement hints at redox reactions that resemble Earth's life-driven chemistry. While not proof of Martian life, the findings qualify as "potential biosignatures" and make the stored sample a top candidate for return to Earth.

      

      
        Breakthrough method could dramatically cut prescription drug prices
        University of Maine researchers developed a new process to make HBL, a key ingredient in many medicines, from renewable glucose instead of petroleum. The approach not only lowers drug production costs but also reduces emissions.

      

      
        The surprising way metabolism controls embryo growth
        Metabolism does more than fuel embryos--it sets their developmental rhythm. EMBL researchers found that a sugar molecule, FBP, controls the pace of spine formation, suggesting metabolism may act as a biological pacemaker.

      

      
        Strange new hybrid bird spotted in Texas backyard
        In Texas, biologists have documented an extraordinary bird -- the natural hybrid offspring of a green jay and a blue jay. Once separated by millions of years of evolution and distinct ranges, the two species were brought together as climate change expanded their territories. A backyard birder's photo led to the discovery, and after years of elusiveness, scientists confirmed the bird's identity through genetic testing.

      

      
        Hidden gene trick lets ants smell with super precision
        Researchers uncovered how ants keep their powerful sense of smell clear: by using a genetic safeguard that silences surrounding receptor genes. This discovery not only solves a decades-old puzzle but also reveals how ants can rapidly evolve new olfactory abilities.

      

      
        Stunning fossil from the Gobi Desert rewrites dinosaur history
        A newly discovered fossil in Mongolia's Gobi Desert has revealed the oldest and most complete pachycephalosaur ever found, offering a rare glimpse into the early evolution of these dome-headed dinosaurs. Named Zavacephale rinpoche, or "precious one," this juvenile specimen dates back 108 million years, pushing the group's fossil record back by 15 million years.

      

      
        DNA from old ants reveals a hidden insect apocalypse in Fiji
        Insects are essential for ecosystems, but mounting evidence suggests many populations are collapsing under modern pressures. A new study used cutting-edge genomic techniques on museum specimens to track centuries of ant biodiversity across Fiji. The results reveal that nearly 80% of native ants are in decline, with losses intensifying in the past few hundred years as human activities expanded.

      

      
        Forgotten royal warship sunk 500 years ago reveals surprising secrets
        From the wreck of the royal Danish-Norwegian flagship Gribshunden, archaeologists have uncovered a rare glimpse into the naval power of the late Middle Ages. This warship, lost in 1495, carried an arsenal of small guns designed for close-range combat, symbolizing the technological leap that allowed European nations to dominate the seas. More than just a vessel, it served as King Hans' floating castle, projecting both diplomatic influence and military might.

      

      
        Egg-eating worms could be the secret to saving Chesapeake Bay's blue crabs
        Egg-eating worms living on Chesapeake Bay blue crabs may hold the key to smarter fishery management. Once thought to be a threat, these parasites actually serve as natural biomarkers that reveal when and how often female crabs reproduce. Researchers found the worms are surprisingly resilient to varying salinity levels, meaning they can track crab spawning across the Bay.

      

      
        Wildfire smoke could kill 70,000 Americans a year by 2050
        Wildfires are no longer a seasonal nuisance but a deadly, nationwide health crisis. Fueled by climate change, smoke is spreading farther and lingering longer, with new research warning of tens of thousands of additional deaths annually by mid-century. The health costs alone could surpass all other climate damages combined, revealing wildfire smoke as one of the most underestimated threats of our warming world.

      

      
        Earthquakes release blistering heat that can melt rock in an instant
        MIT scientists have unraveled the hidden energy balance of earthquakes by recreating them in the lab. Their findings show that while only a sliver of energy goes into the shaking we feel on the surface, the overwhelming majority is released as heat--sometimes hot enough to melt surrounding rock in an instant.
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Hidden bacterial molecules in the brain reveal new secrets of sleep | ScienceDaily
What causes us to sleep? The answer may lie not only in our brains, but in their complex interplay with the micro-organisms spawned in our intestines.


						
New research from Washington State University suggests a new paradigm in understanding sleep, demonstrating that a substance in the mesh-like walls of bacteria, known as peptidoglycan, is naturally present in the brains of mice and closely aligned with the sleep cycle.

Those findings serve to update a broader hypothesis that has been in development at WSU for years -- proposing that sleep arises from communication between the body's sleep regulatory systems and the multitude of microbes living inside us.

"This added a new dimension to what we already know," said Erika English, a PhD candidate at WSU and lead author on two recently published scientific papers introducing the findings.

This view of sleep as arising from that "holobiont condition" joins a growing body of evidence suggesting that our gut microbiomes play an important role in cognition, appetite, sex drive and other activity -- a view that turns traditional brain-centric models of cognition upside-down and has implications for our understanding of evolution and free will, as well as the development of future treatments for sleep disorders.

The recent findings regarding peptidoglycan, or PG, lend weight to that hypothesis and point to a possible regulatory role for bacterial cell wall products in sleep. PG is known to promote sleep when injected in animals, but until recently, the conventional view held that it did not naturally migrate to the brain.

English found that PG, along with its receptor molecules involved in PG signaling and communication, was present in different locations within the brain, at levels that changed with the time of day and sleep deprivation.




The findings were reported in July in Frontiers in Neuroscience; longtime WSU sleep researcher and Regents Professor James Krueger co-authored the paper. English is also lead author of a recent paper with Krueger in the journal Sleep Medicine Reviews that proposes the "holobiont condition" hypothesis of sleep.

That paper combines two prevailing views. One posits that sleep is regulated by the brain and neurological systems. Another focuses on "local sleep," which frames slumber as the result of an accumulation of sleep-like states among small cellular networks throughout the body. Such sleep-like states have been observed among cells in vitro, known as the "sleep in a dish" model.

As these smaller pockets of sleep accumulate, like lights going off in a house, the body tips from wakefulness toward sleep.

The new hypothesis merges those theories, proposing that sleep results from the interplay between the body and its resident micro-organisms -- two autonomous systems that interact and overlap.

"It's not one or the other, it's both. They have to work together," English said. "Sleep really is a process. It happens at many different speeds for different levels of cellular and tissue organization and it comes about because of extensive coordination."

Links between the microbiome and behavior are emerging on several fronts, indicating that micro-organisms formed in the gut play an important role in cognition and fundamental human behaviors. This work upends the traditional view of human neurology, suggesting that it is not completely top-down -- i.e., the result of decision-making in the brain -- but bottom-up -- i.e., driven by the tiny organisms whose evolution shaped animals to serve as their hosts and whose needs influence the activities and cognition of their hosts.




"We have a whole community of microbes living within us. Those microbes have a much longer evolutionary history than any mammal, bird or insect - much longer, billions of years longer," said Krueger, who was named a "Living Legend in Sleep Research" by the Sleep Research Society in 2023. "We think sleep evolution began eons ago with the activity/inactivity cycle of bacteria, and the molecules that were driving that are related to the ones driving cognition today."

English's work expands upon known links between bacteria and sleep, including the fact that sleep patterns affect the function of the gut microbiome and that bacterial infections cause people to sleep more.

The new findings begin to delve into questions that English looks forward to exploring further.

"Now that the world has come to appreciate how important microbes are, not just for disease but also for health, it's a very exciting time to start to expand on our understanding of how we are communicating with our microbes and how our microbes are communicating with us," she said.
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Breakthrough wetsuits slash shark attack injuries and save lives | ScienceDaily
Australian shark experts have tested four bite-resistant materials to assess their ability to reduce injuries and blood loss.


						
While internal and crushing injuries may still occur, bite-resistant wetsuits can now be added to the 'toolkit' of measures available to reduce shark-bite risk and resulting injuries, say researchers from Flinders University's Southern Shark Ecology Group.

Shark bites on humans are uncommon but can severely impact local coastal communities and businesses, especially where water-based tourism and recreation are common, often prompting pressure for better bather protection strategies.

Governments are often focused on area-based protection, but as recent studies have shown there is also increasing focus on personal deterrents and/or other personal mitigative measures, such as bite-resistant wetsuits

Funded by the NSW Department of Primary Industries and Regional Development Shark Management Program, the study tested the efficacy of four bite-resistant wetsuit materials (Aqua Armour, Shark Stop, ActionTX-S and Brewster material) to reduce damage incurred from white and tiger shark bites.

Traditional chainmail suits were protective but too inflexible and heavy for activities like surfing or diving. New wetsuits that incorporate strong and light fibre often used in sailing rope, ultra-high molecular weight polyethylene, offer both flexibility and protection, making them more suitable for recreational use.

Dr Tom Clarke, Professor Charlie Huveneers, and experts from New South Wales Department of Primary Industries and Regional Development assessed each material's potential in reducing injuries from white and tiger sharks by quantifying the amount of bite damage across four categories of increasing severity (ranging from 'superficial' to 'critical') and comparing it to damage on standard neoprene.




"While there were small differences between the four tested materials, they all reduced the amount of substantial and critical damage, which would typically be associated with severe hemorrhaging and tissue or limb loss," says Dr Clarke, from the College of Science and Engineering at Flinders University.

White and tiger sharks are responsible for the most unprovoked bites and are two of the top three species with the highest rate of fatal bites. Interactions between humans and sharks continue to rise in frequency globally, with expanding coastal populations and rising popularity of marine activities.

"Our study showed that bite-resistant materials incorporated into wetsuits can reduce damage from large white and tiger sharks (>3 m) compared to standard neoprene wetsuit, even from moderate and severe bites."

"While these suits don't eliminate all the risk (e.g., internal injuries may still occur), our results indicate that they can reduce blood loss and trauma from major lacerations and punctures, potentially saving lives," says Prof Huveneers, from the College of Science and Engineering at Flinders University.

"Our findings will allow for informed decisions to be made about the use of bite-resistant wetsuit materials for occupational activities, as well as enabling the public to make appropriate decisions about the suitability of using these products."

Key points: 
    	Wetsuits that incorporate bite-resistant materials have emerged as a new mitigation strategy that aims to reduce fatalities from shark bites, by reducing the severity of injuries inflicted from bites (e.g. lacerations, punctures, tissue and blood loss).
    	As shark-bite mitigation continues to shift from traditional lethal methods towards non-lethal alternatives, personal protective measures such as electric deterrents and protective wetsuits continue to gain interest as tools to reduce the number of interactions and injuries, and increase the likelihood of survival.

Acknowledgement: This study was funded by the NSW Department of Primary Industries and Regional Development Shark Management Program, and Australian Research Council Linkage (project LP190100992). No funding was obtained from any of the material inventors or manufacturers.
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This flower smells like dying ants, and flies can't resist it | ScienceDaily

The smell of warm, freshly baked bread has surely attracted many a customer to enter the shop as they pass by. Grass flies are no different: they are also attracted to the smell of their daily bread, injured ants. As they move from flower to flower in search of already injured prey, they also do flowers a great service: they pollinate them. Because ants are one of the most widespread species, and ant mimicry has independently evolved in many invertebrate species, it stands to reason that plants could have also evolved to mimic ants in one way or another. However, such cases had never been reported.

"I was working on another research project," says Ko Mochizuki, "and originally collected this species only as a 'reference' for comparison. By chance, I noticed chloropid flies gathering around its flowers in the nursery in the Koishikawa Botanical Gardens, and immediately realized that the flowers might be imitating dead insects."

This recognition was thanks to a string of thus far unrelated experiences. His participation in an intensive training course in 2019 helped him recognize the fly species swarming the flower. He also happened to be familiar with some previous studies that described plants pollinated by chloropid flies emitting odors resembling those of insects.

Following his hunch, Mochizuki set out to methodically observe the visitors on these flowers and compare the odors released by the flowers to odors released by various kinds of insects. He found that the smell of ants being attacked by spiders was the closest match. However, his hypothesis of ant mimicry was standing on frail legs: there had not been any official publications of chloropid flies, or any other similar fly species, targeting ants hunted and injured by other animals, such as spiders. So, Mochizuki turned to social media for more unconventional evidence. There, he found many amateur naturalists documenting what he had suspected: ants attacked by spiders, which then attracted kleptoparasitic (organisms that steal food from another) flies. This gave him confidence to test the hypothesis behaviorally and confirm whether chloropid flies were indeed more attracted to the smell of ants attacked by spiders than to other smells.

"That moment, when I saw the flies on the flowers, was truly one of inspiration," Mochizuki remembers, "a hypothesis suddenly taking shape. This experience taught me that unexpected discoveries often emerge from a combination of preparation and chance."

Talking of preparation... Mochizuki is already preparing for the next project.

"I would like to investigate the evolutionary background of ant mimicry by comparing the pollination systems, evolutionary history, and genetic makeup of Vincetoxicum nakaianum and its close relatives. In addition, since this study suggests that many forms of floral mimicry may remain hidden, I plan to explore other species, both within Vincetoxicum and in unrelated plant groups, to uncover further examples of potential mimicry."
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This forgotten king united England long before 1066 | ScienceDaily
A groundbreaking new biography of AEthelstan marks 1,100 years since his coronation in 925 AD, reasserts his right to be called the first king of England, explains why he isn't better known and highlights his many overlooked achievements. The book's author, Professor David Woodman, is campaigning for greater public recognition of AEthelstan's creation of England in 927 AD.


						
The Battle of Hastings in 1066 and the signing of Magna Carta in 1215 are two of the most famous years in English history. But very few people know what happened in 925 or 927AD. Professor David Woodman, the University of Cambridge-based author of The First King of England, a groundbreaking new biography of AEthelstan, is determined to change this and not just with his book. He - and other historians - are planning a fitting memorial for England's first and unfairly overlooked king.

"As we approach the anniversaries of AEthelstan's coronation in 925 and the birth of England itself in 927, I would like his name to become much better known. He really deserves that," says Woodman, a Professor at Robinson College and Cambridge's Faculty of History.

Woodman is working with other historians* towards a memorial for the king, which could be a statue, plaque or portrait in a location like Westminster, Eamont Bridge (where AEthelstan's authority in 927 was recognized by other British rulers) or Malmesbury (where he was buried). Woodman is also calling for the history of AEthelstan's reign to appear more routinely on the school curriculum.

"There has been so much focus on 1066, the moment when England was conquered. It's about time we thought about its formation, and the person who brought it together in the first place," Professor Woodman says.

Why isn't AEthelstan better known?

Woodman's book, published by Princeton University Press, blames a lack of public relations. "AEthelstan didn't have a biographer writing up his story," Woodman says. "His grandfather, Alfred the Great, had the Welsh cleric Asser to sing his praises. And within decades of AEthelstan's death, a wave of propaganda ensured King Edgar became famous for reforming the church. This completely overshadowed AEthelstan's earlier revamping of learning and religiosity."

In modern times, historians have tended to dismiss AEthelstan's status as England's first king, on the basis that the kingdom fragmented soon after his death in 939AD. The focus has instead shifted to Edgar. Woodman rejects this argument.




"Just because things broke down after AEthelstan's death doesn't mean that he didn't create England in the first place," Woodman says. "He was so ahead of his time in his political thinking, and his actions in bringing together the English kingdom were so hard-won, that it would have been more surprising if the kingdom had stayed together. We need to recognise that his legacy, his ways of governing and legislating, continued to shape kingship for generations afterwards."

Woodman cites a wealth of evidence to resurrect AEthelstan's reputation.

Military success

"Militarily, AEthelstan was supremely strong," Woodman says. "He had to be very robust to expand the kingdom and then to defend it."

AEthelstan had to contend with major Viking settlement in the north and the east. In 927AD, he acquired authority over the Viking stronghold at York, and, in bringing Northumbria within his dominion, became the first to rule over an area recognizable as 'England'.

As AEthelstan expanded his kingdom, he drew Welsh and Scottish kings into his royal assemblies. Large-scale surviving original diplomas, housed in the British Library, list the very many nobles he compelled to attend. The meetings of AEthelstan's assemblies must have been incredibly grand affairs, involving hundreds of people in total.




"These Welsh and Scottish kings must have bitterly resented being brought so far out of their territories," Woodman says. "An incredible tenth-century Welsh poem, The Great Prophecy of Britain, calls for the English to be slaughtered. It's difficult to date, but it may be a direct response to this expansion of AEthelstan's power."

Then, in 937AD, at the famous Battle of Brunanburh, AEthelstan brutally crushed a formidable Viking coalition, supported by Scots and the Strathclyde Welsh, determined to overthrow him.

"Brunanburh should be as well-known as the Battle of Hastings," Woodman says. "Every major chronicle, in England, Wales, Ireland and Scandinavia took note of this battle, its outcome and how many people were slaughtered. It was a critically important episode in the history of the newly-formed English kingdom."

Numerous locations have been proposed for the battle. Woodman is confident that it happened at what is now Bromborough on the Wirral. "That location makes sense strategically and the etymology of the name fits," he says.

Revolution of government

AEthelstan's most powerful legacy rests in his "revolution of government," Woodman suggests. Legal documents from AEthelstan's reign survive in relative abundance and, Woodman argues, take us right to the heart of the type of king he was.

"King Alfred must have been a role model for his grandson," Woodman says. "AEthelstan saw that a king should legislate and he really did. He took crime very seriously."

Once AEthelstan had created the English kingdom, royal documents known as 'diplomas' (in essence a grant of land by the king to a beneficiary) were suddenly transformed. Formerly short and straightforward, they were transformed into grandiose statements of royal power.

"They're written in a much more professional script and in amazingly learned Latin, full of literary devices like rhyme, alliteration, chiasmus," Woodman says. "They were designed to show off, he's trumpeting his success."

But Woodman also argues that government became increasingly efficient during AEthelstan's reign. "We can see him sending law codes out to different parts of the kingdom, and then reports coming back to him about what was working and what changes needed to be made."

"There is also some of the clearest evidence we have for centralized oversight of the production of royal documents, with one royal scribe put in charge of their production. No matter where the king and the royal assembly traveled, the royal scribe went too."

Woodman points out that AEthelstan brought England together just as parts of continental Europe were fragmenting. "Nobles across Europe were rising up and taking territory for themselves," he says. "AEthelstan made sure that he was well placed to take advantage of the unfolding of European politics by marrying a number of his half-sisters into continental ruling houses."

Learning and religion

Woodman argues that AEthelstan reversed a decline in learning brought by the Vikings and their destruction of churches. "AEthelstan was intellectually curious and scholars from all over Europe came to his court," Woodman says. "He sponsored learning and was a keen supporter of the church."

Two of Woodman's favorite pieces of evidence relate to Saint Cuthbert. The first, the earliest surviving manuscript portrait of any English monarch, appears in a 10th-century manuscript now cared for by The Parker Library at Corpus Christi College, Cambridge. AEthelstan's head is bowed as he stands before the saint. "Everyone should know about this portrait, it's one of the most important images in English history," says Woodman.

The manuscript was originally designed as a gift for the Community of Saint Cuthbert. "AEthelstan had just expanded into Northumbria and this manuscript cleverly includes a life of Saint Cuthbert," Woodman says. "He was trying to win them over to his cause."

Woodman felt even closer to AEthelstan while studying the Durham Liber Vitae. Begun in the ninth century, this manuscript chronologically lists the people who had a special connection to the Community of Saint Cuthbert, in alternating gold and silver lettering.

"If AEthelstan is going to appear, he should be many pages in, but in the tenth century someone visited Saint Cuthbert's Community and wrote 'AEthelstan Rex' right at the top. Seeing that was breathtakingly exciting. It's feasible that someone in his entourage was responsible. We know they visited the Community in 934 and this manuscript may have been on prominent display there, perhaps on its high altar."

Notes

*The group has been convened by Alex Burghart MP, and incudes the historian-broadcasters, Tom Holland and Michael Wood.

Reference

David Woodman, The First King of England: AEthelstan and the Birth of a Kingdom is published by Princeton University Press on 2nd September 2025 (ISBN:9780691249490)
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A tiny mineral may hold the secret to feeding billions sustainably | ScienceDaily
The cultivation of rice -- the staple grain for more than 3.5 billion people around the world -- comes with extremely high environmental, climate and economic costs. But this may be about to change, thanks to new research led by scientists at the University of Massachusetts Amherst and China's Jiangnan University. They have shown that nanoscale applications of the element selenium can decrease the amount of fertilizer necessary for rice cultivation while sustaining yields, boosting nutrition, enhancing the soil's microbial diversity and cutting greenhouse gas emissions. What's more, in a new paper published in the Proceedings of the National Academy of Sciences, they demonstrate for the first time that such nanoscale applications work in real-world conditions.


						
"The Green Revolution massively boosted agriculture output during the middle of the last century," says Baoshan Xing, University Distinguished Professor of Environmental and Soil Chemistry, director of UMass' Stockbridge School of Agriculture, and co-senior author of the new research. "But that revolution is running out of steam. We need to figure out a way to fix it and make it work."

Part of what made the Green Revolution so revolutionary was the invention of synthetic, nitrogen-heavy fertilizers that could keep agricultural yields high. But they're expensive to make, they create an enormous amount of carbon dioxide, and much of the fertilizer washes away.

Most crops only use about 40-60% of the nitrogen applied to them, a measurement known as nitrogen use efficiency, or NUE, and the NUE of rice can be as low as 30% -- which means that 70% of what a farmer puts on their fields washes away into streams, lakes and the oceans, causing eutrophication, dead zones and a host of other environmental problems. It also means that 70% of the cost of the fertilizer is likewise wasted.

Furthermore, when nitrogen is applied to soils, it interacts with the soil's incredibly complex chemistry and microbes, and ultimately leads to vastly increased amounts of methane, ammonia and nitrous oxide -- all of which contribute to global warming. Furthermore, synthesizing fertilizer itself is a greenhouse-gas-heavy enterprise.

"Everybody knows that we need to improve NUE," says Xing -- the question is how?

What Xing and his co-authors, including lead author Chuanxi Wang and another senior author, Zhenyu Wang, professors of environmental processes and pollution control at Jiangnan University discovered, is that nanoscale selenium, an element crucial for plant and human health, when applied to the foliage and stems of the rice, reduced the negative environmental impacts of nitrogen fertilization by 41% and increased the economic benefits by 38.2% per ton of rice, relative to conventional practices.




"We used an aerial drone to lightly spray rice growing in a paddy with the suspension of nanoscale selenium," says Wang. "That direct contact means that the rice plant is far more efficient at absorbing the selenium than it would be if we applied it to the soil."

Selenium stimulates the plant's photosynthesis, which increased by more than 40%. Increased photosynthesis means the plant absorbs more CO2, which it then turns into carbohydrates. Those carbohydrates flow down into the plant's roots, which causes them to grow. Bigger, healthier roots release a host of organic compounds that cultivate beneficial microbes in the soil, and it's these microbes that then work symbiotically with the rice roots to pull more nitrogen and ammonium out of the soil and into the plant, increasing its NUE from 30 to 48.3%, decreasing the amount of nitrous oxide and ammonia release to the atmosphere by 18.8-45.6%.

With more nutrients coming in, the rice itself produces a higher yield, with a more nutritious grain: levels of protein, certain critical amino acids, and selenium also jumped.

On top of all of this, Xing, Wang and their colleagues found that their nano-selenium applications allowed farmers to reduce their nitrogen applications by 30%. Since rice cultivation accounts for 15-20% of the global nitrogen use, this new technique holds real promise for helping to meet the triple threat of growing population, climate change, and the rising economic and environmental costs of agriculture.
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Scientists crack the explosive secret of how diamonds reach the surface | ScienceDaily
If you've ever held or beheld a diamond, there's a good chance it came from a kimberlite. Over 70% of the world's diamonds are mined from these unique volcanic structures. Yet despite decades of study, scientists are still working to understand how exactly kimberlites erupt from deep in Earth's mantle to the surface.


						
Kimberlites -- carrot-shaped volcanic pipes that erupt from mantle depths greater than 150 km -- have long fascinated geologists as windows into the deep Earth. Their mantle-derived melt ascends rapidly through the mantle and crust, with some estimates suggesting ascent rates of up to 80 miles per hour before kimberlites erupt violently at the surface. Along the way, the magma captures xenoliths and xenocrysts, fragments of the rocks encountered on its path.

"They're very interesting and still very enigmatic rocks," despite being well-studied, says Ana Anzulovic, a doctoral research fellow at the University of Oslo's Centre for Planetary Habitability.

In a study published this month in the journal Geology, Anzulovic and colleagues from the University of Oslo have taken a major step toward solving the puzzle. By modelling how volatile compounds like carbon dioxide and water influence the buoyancy of proto-kimberlite melt relative to surrounding materials, they quantified for the first time what it takes to erupt a kimberlite.

Diamonds make it to the surface in kimberlites because their rapid ascent prevents them from reverting to graphite, which is more stable at shallow pressures and temperatures. But the composition of the kimberlite's original melt -- and how it rises so fast -- has remained mysterious.

"They start off as something that we cannot measure directly," says Anzulovic. "So we don't know what a proto-kimberlite, or parental, melt would be like. We know approximately but everything we know basically comes from the very altered rocks that get emplaced."

To constrain the composition of these parental melts, the team focused on the Jericho kimberlite, which erupted into the Slave craton of far northwest Canada. Using chemical modelling, they tested different original mixtures of carbon dioxide and water.




"Our idea was, well, let's try to create a chemical model of a kimberlite, then vary CO2 and H2O," says Anzulovic. "Think of it as trying to sample a kimberlite as it ascends at different pressure and temperature points."

The researchers used molecular dynamics software to simulate atomic forces and track how atoms in a kimberlite melt move under varying depths. From these calculations, they determined the density of the melt at different conditions and whether it remained buoyant enough to rise.

"The most important takeaway from this study is that we managed to constrain the amount of CO2 that you need in the Jericho kimberlite to successfully ascend through the Slave craton," Anzulovic says. "Our most volatile-rich composition can carry up to 44% of mantle peridotite, for example, to the surface, which is really an impressive number for such a low viscosity melt."

The study also shows how volatiles play distinct roles. Water increases diffusivity, keeping the melt fluid and mobile. Carbon dioxide helps structure the melt at high pressures but, near the surface, it degasses and drives the eruption upward. For the first time, researchers demonstrated that the Jericho kimberlite needs at least 8.2% CO2 to erupt; without it, diamonds would remain locked in the mantle.

"I was actually pretty surprised that I can take such a small scale system and actually observe, 'Okay, if I don't put any carbon in, this melt will be denser than the craton, so this will not erupt,'" says Anzulovic. "It's great that modeling kimberlite chemistry can have implications for such a large-scale process."
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Mushrooms evolved psychedelics twice, baffling scientists | ScienceDaily
"This concerns the biosynthesis of a molecule that has a very long history with humans," explains Prof. Dirk Hoffmeister, head of the research group Pharmaceutical Microbiology at Friedrich Schiller University Jena and the Leibniz Institute for Natural Product Research and Infection Biology (Leibniz-HKI). "We are referring to psilocybin, a substance found in so-called 'magic mushrooms', which our body converts into psilocin - a compound that can profoundly alter consciousness. However, psilocybin not only triggers psychedelic experiences, but is also considered a promising active compound in the treatment of therapy-resistant depression," says Hoffmeister.


						
Two paths, one molecule

The study, which was conducted within the Cluster of Excellence 'Balance of the Microverse', shows for the first time that fungi have developed the ability to produce psilocybin at least twice independently of each other. While Psilocybe species use a known enzyme toolkit for this purpose, fiber cap mushrooms employ a completely different biochemical arsenal - and yet arrive at the same molecule. This finding is considered an example of convergent evolution: different species have independently developed a similar trait, but the 'magic mushrooms' have gone their own way in doing so.

Searching for clues in fungal genomes

Tim Schafer, lead author of the study and doctoral researcher in Hoffmeister's team, explains: "It was like looking at two different workshops, but both ultimately delivering the same product. In the fiber caps, we found a unique set of enzymes that have nothing to do with those found in Psilocybe mushrooms. Nevertheless, they all catalyze the steps necessary to form psilocybin."

The researchers analyzed the enzymes in the laboratory. Protein models created by Innsbruck chemist Bernhard Rupp confirmed that the sequence of reactions differs significantly from that known in Psilocybe. "Here, nature has actually invented the same active compound twice," says Schafer.

However, why two such different groups of fungi produce the same active compound remains unclear. "The real answer is: we don't know," emphasizes Hoffmeister. "Nature does nothing without reason. So there must be an advantage to both fiber cap mushrooms in the forest and Psilocybe species on manure or wood mulch producing this molecule - we just don't know what it is yet."

"One possible reason could be that psilocybin is intended to deter predators. Even the smallest injuries cause Psilocybe mushrooms to turn blue through a chemical chain reaction, revealing the breakdown products of psilocybin. Perhaps the molecule is a type of chemical defense mechanism," says Hoffmeister.




More tools for biotechnology

Although it is still unclear why different fungi ultimately produce the same molecule, the discovery nevertheless has practical implications: "Now that we know about additional enzymes, we have more tools in our toolbox for the biotechnological production of psilocybin," explains Hoffmeister.

Schafer is also looking ahead: "We hope that our results will contribute to the future production of psilocybin for pharmaceuticals in bioreactors without the need for complex chemical syntheses." At the Leibniz-HKI in Jena, Hoffmeister's team is working closely with the Bio Pilot Plant, which is developing processes for producing natural products such as psilocybin on an industry-like scale.

At the same time, the study provides exciting insights into the diversity of chemical strategies used by fungi and their interactions with their environment. It thus addresses central questions of the Collaborative Research Center ChemBioSys and the Cluster of Excellence [?]'Balance of the Microverse' at Friedrich Schiller University Jena, within the framework of which the work was carried out and funded by the German Research Foundation (DFG), among others. While the CRC ChemBioSys investigates how natural compounds shape biological communities, the Cluster of Excellence focuses on the complex dynamics of microorganisms and their environment.
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Diamonds reveal hidden chemistry deep inside Earth | ScienceDaily
Diamonds from South Africa's Voorspoed mine have revealed the first natural evidence of nickel-rich metallic alloys forming deep in Earth's mantle, between 280-470 km (174-292 miles). A new study reveals that these inclusions coexist with nickel-rich carbonates, capturing a rare snapshot of a "redox-freezing" reaction whereby oxidized melts infiltrate reduced mantle rock. The growing diamond trapped both reactants and products of a diamond-forming reaction. This finding not only confirms long-standing predictions about mantle redox conditions but also highlights how such processes may fuel diamond formation of volatile-rich magmas that erupt from hundreds of kilometers and bring the diamond to the surface.


						
The Earth's mantle is a restless, enigmatic engine that powers volcanism, recycles crust, and regulates the long-term evolution of the planet. But one of its most elusive characteristics -- the redox state, or the balance of oxidized and reduced chemical species -- remains difficult to measure directly. A new study led by Yael Kempe and Yaakov Weiss, from the Hebrew University's Institute of Earth Sciences, offers a rare glimpse into these deep processes, captured within nano- and micro-inclusions in diamonds from South Africa's Voorspoed mine.

A Rare Discovery in the Depths

For decades, models and high-pressure experiments have suggested that nickel-rich metallic alloys should stabilize in the mantle at depths of roughly 250-300 km. Yet, natural samples confirming these predictions have been vanishingly scarce.

Working with colleagues from the University of Nevada, the University of Cambridge, and the Nanocenter at the Hebrew University, Weiss's team has now identified nickel-iron metallic nanoinclusions and nickel-rich carbonate microinclusions preserved inside diamonds that formed between 280-470 km below Earth's surface. These inclusions represent the first direct evidence of nickel-rich alloys at their predicted depth -- a long-sought validation of mantle redox models.

The diamonds' mineral cargo also includes coesite, K-rich aluminous phases, and molecular solid nitrogen inclusions, providing multiple pressure markers that firmly constrain their origin to the deep upper mantle and shallow transition zone.

Redox Snapshots Frozen in Carbon

The significance of the find goes beyond simple confirmation of theoretical models. The coexistence of nickel-iron alloy and nickel-rich carbonate points to a metasomatic redox-freezing reaction -- a dynamic interaction in which an oxidized carbonatitic-silicic melt infiltrated reduced, metal-bearing peridotite. It joins earlier evidence from shallower depths that this is the main mode of formation of natural diamonds.




In this environment, preferential oxidation of iron relative to nickel drove enrichment of the residual alloy in nickel. At the same time, nickel-rich carbonates and diamonds crystallized from the melt. In effect, the diamonds froze a fleeting geochemical moment: the conversion of a reduced mantle rock into a more oxidized, volatile-rich domain and the reduction of carbonates to form diamonds.

"This is a rare snapshot of mantle chemistry in action," says Weiss. "The diamonds act as tiny time capsules, preserving a reaction that would otherwise vanish as minerals re-equilibrate with their surroundings."

Implications for Mantle Dynamics and Magmatism

These findings carry broad implications. If localized metasomatic reactions periodically oxidize small portions of the mantle, they may help explain why some inclusions in other superdeep diamonds record unexpectedly high oxidized conditions.

Such processes also shed light on the origins of volatile-rich magmas. The enrichment of mantle peridotite in carbonate, potassium, and incompatible elements during these redox events could prime the mantle for the later formation of kimberlites, lamprophyres, and even some ocean island basalts. In other words, the tiny inclusions in Voorspoed diamonds hint at large-scale links between subduction, mantle redox dynamics, and the generation of magmas that shape continents and bring diamonds to the surface.

Diamonds as Mantle Witnesses

The study underscores the scientific value of diamonds as more than just gemstones. Their inclusions -- whether nanometer-scale alloys or high-pressure minerals -- offer one of the only natural records of conditions hundreds of kilometers beneath our feet.




Kempe and Weiss's work marks a milestone: the first natural confirmation of nickel-rich alloys at mantle depths predicted by theory, and a vivid illustration of how the deep Earth's redox landscape evolves through melt-rock interaction.

As researchers continue to probe these mineral time capsules, we may find that diamonds, once symbols of permanence, are also storytellers of change -- bearing witness to the mantle's hidden chemistry and the processes that continue to shape our dynamic planet.
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Dogs can tell how toys work without any training | ScienceDaily
As infants, humans naturally learn new words and their associations -- like the fact that forks are related to bowls because both are used to consume food. In a study published in the Cell Press journal Current Biology on September 18, a team of animal behavior experts demonstrate that dogs can categorize objects by function, too. In a series of playful interactions with their owners, a group of Gifted Word Learner (GWL) dogs were able to distinguish between toys used for tugging versus fetching, even when the toys in question didn't share any obvious physical similarities -- and then could remember those categorizations for long periods of time, all with no prior training.


						
"We discovered that these Gifted Word Learner dogs can extend labels to items that have the same function or that are used in the same way," says author Claudia Fugazza of Eotvos Lorand University, Budapest, Hungary. It's like a person calling both a traditional hammer and a rock by the same name, says Fugazza.

"The rock and the hammer look physically different, but they can be used for the same function," she says. "So now it turns out that these dogs can do the same."

The studies took place in the dogs' natural home environments with their human owners. At the beginning, the dogs spent time getting familiar with verbal labels for two functional groups of objects: pull and fetch. Their owners used these words with specific toys and played with them accordingly even though the toys didn't share any similar physical features.

Next, the dogs were tested to see if they had learned to connect the functional labels to the correct group of toys before playing with more novel toys in the two distinct categories. However, this time, their owners didn't use the "pull" and "fetch" labels for the dogs.

The team found that the dogs were able to extend the functional labels they'd learned previously to the new toys based on their experience playing with them. In the final test, the dogs showed that they could successfully apply the verbal labels to the toys by either pulling or fetching accordingly, even when their owners hadn't named them.

"For these new toys, they've never heard the name, but they have played either pull or fetch, and so the dog has to choose which toy was used to play which game," Fugazza says. "This was done in a natural setup, with no extensive training. It's just owners playing for a week with the toys. So, it's a natural type of interaction."

The authors note that the dogs' ability to connect verbal labels to objects based on their functional classifications and apart from the toys' physical attributes suggests that they form a mental representation of the objects based on their experience with their functions, which they can later recall. These findings provide insight into the evolution of basic skills related to language and their relationship to other cognitive abilities, including memory, the researchers say.




More research is needed to understand the scope and flexibility of dogs' language categorization abilities. The researchers suggest future studies to explore whether dogs that don't learn object labels may nevertheless have an ability to classify objects based on their functions.

"We have shown that dogs learn object labels really fast, and they remember them for a long period, even without rehearsing," Fugazza says. "And I think the way they extend labels also beyond perceptual similarities gives an idea of the breadth of what these labels could be for dogs."

This work was supported by National Brain Research Program NAP 3.0 of the Hungarian Academy of Sciences, MTA-ELTE Comparative Ethology Research Group, and TRIXIE.
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Fish love songs recorded for 12 years reveal a surprising shift | ScienceDaily
More than a decade of acoustic recordings of grouper grunts are providing new insight into how sound can be used to monitor and manage vulnerable fish populations. The research by Florida Atlantic University's Harbor Branch Oceanographic Institute focused on the red hind (Epinephelus guttatus), a commercially important Caribbean grouper species.


						
Red hind are protogynous hermaphrodites, starting life as females and later becoming males. Each winter, they travel more than 30 kilometers to offshore sites to spawn under the full moon in large gatherings. Males use rhythmic, low-frequency sounds to attract mates and to defend territory. This predictable behavior makes them especially vulnerable to overfishing during spawning season.

Rather than traditional survey methods, FAU Harbor Branch and FAU College of Engineering and Computer Science researchers, in collaboration with HJR Reefscaping, the University of the Virgin Islands, and the University of Puerto Rico, turned to passive acoustic monitoring. This technique enables continuous, long-term monitoring of reproductive behavior, even in remote or hard-to-access areas, without disrupting the animals or their habitat.

To examine how red hind reproductive behavior has changed over time, researchers analyzed more than 2,000 hours of underwater recordings from a single spawning site off Puerto Rico's west coast, continuously monitored since 2007.

Unlike most acoustic studies that track general sound levels, this research focused on specific mating calls tied to distinct behaviors. Red hind produce two primary sound types - one for courtship and another for territorial defense. Tracking these sounds over time allowed researchers to detect subtle shifts in spawning behavior and population dynamics.

The result, published in the ICES Journal of Marine Science, is one of the most extensive and uninterrupted acoustic datasets ever assembled for a reef fish species.

The analysis confirmed a consistent seasonal pattern in red hind spawning activity, closely aligned with lunar cycles. However, one of the most striking findings was a notable shift in the balance of call types over the 12-year period. Between 2011 and 2017, calls linked to courtship were more common. But starting in 2018, calls linked to competition and territorial behavior became dominant - nearly tripling over the study period.




"This shift could indicate changes in the population, such as an increase in the number of older or more dominant males, changes in sex ratios, or even a shift in the core spawning area," said Laurent Cherubin, Ph.D., lead author and a research professor at FAU Harbor Branch.

Researchers also observed more frequent and multiple peaks in sound production in recent years, suggesting that spawning may now be spread over more days in each lunar cycle than in the past. These changes could be responses to environmental or population shifts.

Importantly, the study shows that passive acoustic monitoring can be a powerful tool for tracking reproductive behavior over time and detecting early signs of population or behavioral change - information that is critical for managing and conserving red hind and similar reef fish species.

"What's remarkable is that even a single underwater microphone can reveal so much about fish populations," said Cherubin. "With consistent long-term monitoring, we can pick up early warning signs - like shifts in spawning behavior or population stress - and give resource managers the information they need to adapt conservation strategies before it's too late."

At the center of the analysis was an advanced machine-learning tool called FADAR (fish acoustic detection algorithm research). This custom-built acoustic classifier allowed the team to detect and distinguish between different types of mating calls with extraordinary speed and accuracy.

"This study shows how much we can learn simply by listening," said Cherubin. "Thanks to FADAR, we processed 12 years of acoustic data in weeks - uncovering patterns that would have taken years to find. It's a game changer for monitoring and managing reef fish like red hind."

By using advanced acoustic technology at a single site, researchers can detect shifts in reproductive behavior and population dynamics remotely, providing crucial early warning signs of stress. This kind of data is essential for resource managers developing strategies to protect spawning grounds and sustain fisheries.

"As passive acoustics advances, it's transforming our understanding of the ocean," said Cherubin. "By tuning in to underwater soundscapes, we're discovering not just when and where fish spawn, but how those patterns change over time - offering vital insights into the health of marine ecosystems."

Study co-authors are Caroline Woodward, United States Geological Survey; Michelle Scharer-Umpierre, Ph.D., associate researcher, HJR Reefscaping and the University of Puerto Rico-Mayaguez; Richard S. Nemeth, Ph.D., research professor, Center for Marine and Environmental Studies, University of the Virgin Islands; Richard Appeldoorn, Ph.D., a faculty member; and Evan Tuhoy, a Ph.D. candidate, both within the Department of Marine Sciences, University of Puerto Rico; and Ali K. Ibrahim, Ph.D., a research engineer in FAU's Department of Electrical Engineering and Computer Science.
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Stressed koalas are facing a deadly epidemic | ScienceDaily
Australian researchers have revealed a clear relationship between stress and increased disease risk in koalas in South East Queensland and on the New South Wales North Coast.


						
A study led by Dr Michaela Blyton at The University of Queensland measured and tracked the level of koala retrovirus (KoRV) in groups of captive and wild koalas.

"We wanted to see what happened to their KoRV loads over time and how it related to chlamydial infection and levels of the stress hormones cortisol and corticosterone in their feces," Dr Blyton said.

"Virus load likely weakens the immune system, so those with a higher KoRV load are more at risk of diseases such as Chlamydia which can cause blindness, infertility and death.

"Poor quality or disappearing habitat may increase stress and the koalas with higher average cortisol levels had higher average KoRV loads.

"We have confirmed the biggest threats faced by koalas of habitat loss and disease are connected - this is very important to know to improve support for remaining koala populations."

The 67 koalas in the study included wild koalas being treated for Chlamydia before being released, others in a Chlamydia vaccine trial and a small number of animals kept in captivity because of injury or ill health.




"Our study showed KoRV loads within individual animals were very stable over time," Dr Blyton said.

"Even when a koala with Chlamydia was successfully treated for that infection, their KoRV load did not decrease.

"That tells us the direction of causation is high KoRV load leading to an increased susceptibility to chlamydial infection and not the other way around.

"KoRV load could be underpinning the Chlamydia epidemic among koalas in northern New South Wales and South East Queensland."

The study at UQ's School of Chemistry and Molecular Biosciences was supported by the Port Macquarie Koala Hospital, Currumbin Wildlife Hospital and funded by the NSW Government under the NSW Koala Strategy.

"When we're looking at koala conservation strategies, we need to be taking a holistic approach because disease and environmental factors are linked," Dr Blyton said.




"The best thing is to preserve good quality habitat and the populations of koalas it supports.

"We are involved in Koala Conservation Australia's breed to release program, where we are now screening and preferencing animals with low KoRV loads to hopefully give their offspring greater protection against Chlamydia and other infectious diseases.

"We are also aiming to investigate antiretrovirals to reduce KoRV loads in individuals to give them a better chance of fighting off Chlamydia and reducing transmission to the next generation."

The research paper is in the Journal of General Virology, published by the Microbiology Society which is a membership charity for scientists interested in microbes, their effects and practical uses.
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Student's pinkie-sized fossil reveals a new croc species | ScienceDaily
About 95 million years ago, a juvenile crocodyliform nicknamed Elton lived in what is now southwest Montana at the edge of the Western Interior Seaway.


						
Measuring no more than 2 feet long from nose to tip of tail, young Elton was about the size of a big lizard, according to Montana State University professor of paleontology David Varricchio. Had it lived to be full grown, Elton would have measured no longer than 3 feet, far smaller than most members of the Neosuchia clade to which it and its distant relatives belong. The clade includes modern crocodilians and their closest extinct relatives, almost all of them semiaquatic or marine carnivores with simple, conical teeth.

Elton, by contrast, lived on the land, probably feasting on both plants and insects or small animals with its assortment of differently shaped and specialized teeth. Its unique anatomy reveals that it was part of a new, previously unrecognized family of crocodyliforms endemic to the Cretaceous of North America.

If not for the sharp eye of Harrison Allen, a 2023 graduate of MSU's Department of Earth Sciences in the College of Letters and Science, Elton's ancient remains may never have been discovered. But during a dig in the summer of 2021 in the Blackleaf geological formation on U.S. Forest Service land near Dillon, Allen - then a student in Varricchio's field paleontology course - noticed a fossil the size of the tip of his pinkie with a "weird texture on it."

"I brought it to Dr. Varricchio and knew it must be something good, because he said, 'Take me to where you found this,'" said Allen, who is now studying croc paleontology as a doctoral student at Stony Brook University in New York.

It was an exciting moment for Allen, originally from Kentucky, who chose MSU because it offers a paleontology track for undergraduates majoring in earth sciences. Four years and hundreds of hours of study later, he is the lead author of a paper published this week in the Journal of Vertebrate Paleontology that describes the morphology and scientific significance of the creature whose remains he found in the Blackleaf Formation.

"After the dig, Dr. Varricchio told me why he was so excited the day I found the initial specimen. It had so much visible anatomy to explore, and he could see it was a tiny, tiny croc skull, fully articulated and preserved - it was a special thing," Allen said. "We have found dinosaurs (in the Blackleaf) before, but this was the second known vertebrate animal we'd ever found in this formation."

The extinct animal, which Allen and the paper's co-authors later named Thikarisuchus xenodentes for its strange, sheathed teeth, has provided new information about the paleoecology of the Blackleaf ecosystem and about patterns of evolution in the croc family tree.




It also provided the ultimate undergraduate research project for Allen, who delved into the painstaking process of excavating, sifting and reconstructing the Thikarisuchus remains with the help of some fellow students.

"As an undergraduate student new to research, I nervously went up to Dr. Varricchio and asked if I could study this specimen," Allen said. "It led me down the rabbit hole into this amazing world of prehistoric, extinct crocs and their evolutionary niches."

The day after Allen recovered the first piece of skeleton, he and his classmates scooped up several bags of sediment from the mound where it was found. Back in Bozeman, Allen and his friend Dane Johnson, who graduated in 2022 and is now a paleontology lab and field specialist at MSU's Museum of the Rockies, spent between 10 and 20 hours sifting out fine particulate matter and dirt, eventually recovering dozens of tiny pieces of the Thikarisuchus skeleton that collectively fit into the palm of Allen's hand. As they worked, they listened to music, including Elton John's 1970s hit "Crocodile Rock." The nickname "Elton" stuck, long before the specimen was assigned the scientific name that reflects its physical traits.

Allen and Johnson recovered bits of bone from almost all areas of the animal's body, including its limbs, vertebrae, jaw and 50-millimeter-long skull. Because the fragments were tiny and exceptionally fragile, the students didn't attempt to physically reassemble them. Instead, they took them for a series of CT scans, including some at MSU's Subzero Research Laboratory. Allen estimates that he spent well over 100 hours coloring the digital, 2D segment slices that the scans produced, a process necessary to visually distinguish the bones from the rocks they were embedded in.

"Harrison worked super hard to digitally reconstruct the animal, and it came out beautifully," said Varricchio.

During the process, Allen discovered that the bones of Thikarisuchus were densely concentrated and organized in a manner consistent with fossils of organisms found in burrows in the Blackleaf Formation and the nearby Wayan Formation in Idaho. He said this suggests that Thikarisuchus was likewise preserved within a burrow, further supporting the notion that fossils recovered from these formations are biased toward those that were preserved in burrows.




The specimen also presented clues about Thikarisuchus' newly named family group Wannchampsidae and a similar group found in Eurasia known as Atopasauridae. Both groups were tiny and terrestrially adapted, and they shared certain cranial and dental features found in another more distantly related group from the Cretaceous of Africa and South America.

"It suggests that during the same time period, we're seeing convergent evolution between two distantly related groups due to similar environmental conditions, prey availability and who-knows-what that prompted crocs on opposite sides of the planet to develop similar features," Allen said.

As he works toward his Ph.D. and a career as a paleontology professor, Allen said his experiences with Elton cemented his research interest, which has since broadened to include extinct crocs from all over the world.

"The majority of diversity of crocodyliforms is in the past. There were fully marine crocs, fully terrestrial crocs, herbivorous crocs, omnivores and some that cracked shells," he said. "That amazed me and made me want to get into this more specific realm of paleontology."

Varricchio said he feels fortunate that students like Allen choose to study at MSU.

"It was a true pleasure to have Harrison as a student here - so much positive enthusiasm, followed up with great research," he said.
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This vibrant moth fooled scientists for generations | ScienceDaily
A beautiful, colorful moth, previously mistaken for over a century, has been revealed as a new species by entomologist Dr Peter Huemer of the Tyrolean State Museum Ferdinandeum in Innsbruck, Austria.


						
Described in the open-access journal Alpine Entomology, the new species, now officially named Carcina ingridmariae, had long been overlooked due to its close resemblance to the widespread oak carcina (Carcina quercana), a moth familiar across Europe and first described in 1775.

Despite its vibrant pink and yellow hues, Carcina ingridmariae escaped detection until advances in DNA barcoding revealed significant genetic differences of more than 6% from its lookalike relative. Subsequent analysis of the insects' sexual organs confirmed the molecular findings, leading to the revelation that two distinct species have been hiding in plain sight.

The new species has a wingspan of about 2 cm, and is found across the eastern Mediterranean, from Croatia and Greece to Cyprus and Turkey. Its larvae likely feed on various oak species, similar to its counterpart. However, dedicated studies on its biology and distribution remain ongoing.

In recognition of enduring support throughout his career, Dr Huemer dedicated the discovery to his wife, Ingrid Maria, naming the moth after her on their 42nd wedding anniversary.

Huemer, who has described more than 200 species from Europe over 35 years said: "It is without doubt the prettiest species I have encountered in my long scientific career, even though it is still unnamed." It was therefore "obvious" to Huemer that the new species should be given his wife's name.
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Insects are disappearing from the last places we thought were safe | ScienceDaily
A new study from the University of North Carolina at Chapel Hill shows that insect populations are rapidly declining even in relatively undisturbed landscapes, raising concerns about the health of ecosystems that depend on them.


						
Keith Sockman, associate professor of biology at UNC-Chapel Hill, quantified the abundance of flying insects during 15 seasons between 2004 and 2024 on a subalpine meadow in Colorado, a site with 38 years of weather data and minimal direct human impact. He discovered an average annual decline of 6.6% in insect abundance, amounting to a 72.4% drop over the 20-year period. The study also found that this steep decline is associated with rising summer temperatures.

"Insects have a unique, if inauspicious position in the biodiversity crisis due to the ecological services, such as nutrient cycling and pollination, they provide and to their vulnerability to environmental change," Sockman said. "Insects are necessary for terrestrial and fresh-water ecosystems to function."

The findings address a critical gap in global insect research. While many reports of insect declines focus on habitats altered by human activity, few examine populations in relatively pristine areas. This study demonstrates that dramatic losses can occur even where direct human impacts are minimal, suggesting climate change may be a key driver.

"Several recent studies report significant insect declines across a variety of human-altered ecosystems, particularly in North America and Europe," Sockman said. "Most such studies report on ecosystems that have been directly impacted by humans or are surrounded by impacted areas, raising questions about insect declines and their drivers in more natural areas."

Sockman emphasizes the urgency of these results for biodiversity conservation: "Mountains are host to disproportionately high numbers of locally adapted endemic species, including insects. Thus, the status of mountains as biodiversity hotspots may be in jeopardy if the declines shown here reflect trends broadly."

This research highlights the need for more comprehensive monitoring of insect populations in a variety of landscapes and adds urgency to addressing climate change. By showing that even remote ecosystems are not immune, the study underscores the global scale of the biodiversity crisis.
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This surprising building material is strong, cheap, and sustainable | ScienceDaily
Engineers in Australia have developed a new building material with about one quarter of concrete's carbon footprint, while reducing waste going to landfill.


						
This innovative material, called cardboard-confined rammed earth, is composed entirely of cardboard, water and soil - making it reusable and recyclable.

In Australia alone, more than 2.2 million tons of cardboard and paper are sent to landfill each year. Meanwhile, cement and concrete production account for about 8% of annual global emissions.

Cardboard has previously been used in temporary structures and disaster shelters, such as Shigeru Ban's iconic Cardboard Cathedral in Christchurch, New Zealand.

Inspired by such designs, the RMIT University team has, for the first time, combined the durability of rammed earth with the versatility of cardboard.

Why it matters

Lead author Dr Jiaming Ma from RMIT said the development of cardboard-confined rammed earth marked a significant advancement toward a more sustainable construction industry.




"Modern rammed earth construction compacts soil with added cement for strength. Cement use is excessive given the natural thickness of rammed earth walls," he said.

But cardboard-confined rammed earth, developed at RMIT University, eliminates the need for cement and boasts one quarter of the carbon footprint at under one third of the cost, compared to concrete.

"By simply using cardboard, soil and water, we can make walls robust enough to support low-rise buildings," Ma said.

"This innovation could revolutionize building design and construction, using locally sourced materials that are easier to recycle.

"It also reflects the global revival of earth-based construction fueled by net zero goals and interest in local sustainable materials."

Practical benefits

The cardboard-confined rammed earth can be made on the construction site by compacting the soil and water mixture inside the cardboard formwork, either manually or with machines.




Study corresponding author and leading expert in the field of structural optimization, Emeritus Professor Yi Min 'Mike' Xie, said this advancement can spearhead a leaner, greener approach to construction.

"Instead of hauling in tonnes of bricks, steel and concrete, builders would only need to bring lightweight cardboard, as nearly all material can be obtained on site," Xie said.

"This would significantly cut transport costs, simplify logistics and reduce upfront material demands."

Ma said cardboard-confined rammed earth could be an effective solution for construction in remote areas, such as regional Australia, where red soils - ideal for rammed earth construction - are plentiful.

"Rammed earth buildings are ideal in hot climates because their high thermal mass naturally regulates indoor temperatures and humidity, reducing the need for mechanical cooling and cutting carbon emissions," he said.

The mechanical strength of the novel material varies based on the thickness of the cardboard tubes.

Ma said the team has developed the formula for this strength design.

"We've created a way to figure out how the thickness of the cardboard affects the strength of the rammed earth, allowing us to measure strength based on cardboard thickness," Ma said.

In a separate study lead by Ma, carbon fiber was combined with rammed earth, proving it had a comparable strength to high-performance concrete.

Ma and the team are ready to partner with various industries to further develop this new material so it can be used widely.
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Childhood plastic exposure could be fueling obesity, infertility, and asthma | ScienceDaily
Childhood exposure to chemicals used to make plastic household items presents growing health risks that can extend long into adulthood, experts from NYU Langone Health report.


						
This is the main conclusion after a review of hundreds of the latest studies on the topic, publishing online Sept. 21 in the journal The Lancet Child & Adolescent Health.

The article is being released to coincide with a gathering of experts the same week in New York City to discuss the global impact of plastics on human health.

In their report, the authors outline decades of evidence that substances often added to industrial and household goods may contribute to disease and disability, particularly when they are encountered early in life. The review focuses on three classes of chemical -- phthalates used to make plastic flexible, bisphenols, which provide rigidity, and perfluoroalkyl substances (PFAS), which help materials resist heat and repel water.

The results of the studies, which together assessed thousands of pregnant mothers, fetuses, and children, tied these toxins to a wide range of long-term health concerns, including heart disease, obesity, infertility, and asthma.

"Our findings point to plastic's role in the early origins of many chronic diseases that reverberate into adolescence and adulthood," said study lead author and pediatrician Leonardo Trasande, MD, MPP. "If we want kids to stay healthy and live longer, then we need to get serious about limiting the use of these materials," added Trasande, the Jim G. Hendrick, MD, Professor of Pediatrics at NYU Grossman School of Medicine.

The chemicals are found in a range of items, such as food packaging, cosmetics, and paper receipts, notes Trasande, who is also a professor in the Department of Population Health. Experts have found that as plastics are used, heated, or chemically treated, microplastic and nanoparticles are released and become ingested.




Chemicals used in plastic materials have been shown to prompt an overactive immune response (inflammation) throughout the body's tissues as well as disrupt the function of hormones that influence many bodily processes. The substances are also believed to affect brain development, with numerous studies linking early-life exposure to IQ loss and neurodevelopmental issues such as autism and attention deficit hyperactivity disorder.

The Lancet review also explored strategies to reduce the use of plastic and to help safeguard human health.

"There are safe, simple steps that parents can take to limit their children's plastic exposure without breaking the bank," said Trasande, who serves as director of NYU Grossman School of Medicine's Division of Environmental Pediatrics and NYU Langone Health's Center for the Investigation of Environmental Hazards.

Replacing plastic containers with glass or stainless steel, and avoiding microwaving and dishwashing plastic, have proved helpful, he says.

Trasande adds that by offering clear guidance, health care providers can empower parents to make informed decisions about the products they use and steer them toward safer options. He also suggests that clinicians partner with schools and community organizations to engage younger generations about the health risks of plastic exposure.

At the policy level, the researchers call for stricter regulatory measures to reduce the use of nonessential plastic items, particularly in low-income communities with profound heath disparities.




Their review comes on the heels of the most recent round of negations for the United Nations' Global Plastics Treaty, which took place in Geneva last month. The developing treaty represents an international effort to tackle plastic pollution, with more than 100 countries calling for legally binding caps on production.

According to Trasande, the findings in the article support the urgent need for a strong agreement to help protect not only the environment but human health as well.

He notes that while the economic value of the plastics industry is commonly raised as a barrier to enacting regulations, the resulting health care costs from exposure are enormous, with his research estimates reaching roughly $250 billion per year in the United States alone.

The Global Plastics Treaty will be part of the discussion during NYU Langone Health's 2025 Plastics, Human Health, and Solutions Symposium. At the event, experts will discuss the latest research on the health impact of microplastics, recent policy developments, and the critical role of regulations in addressing this public health crisis.

Despite its health risks, plastic can play an essential role in pediatric medicine, such as its use in ventilators and feeding tubes for premature infants, nebulizers for children with asthma, and masks that help prevent the spread of infection. The findings, the researchers say, do not challenge the need for the material in health care but instead highlight the dangers of its unnecessary use elsewhere.

The symposium will be held at NYU Langone Health on Sept. 22. The event will also be live streamed on YouTube for registered attendees.

Funding for the study was provided by National Institutes of Health grants R01ES022972, R01ES029779, R01ES032214, R01ES034793, and P2CES033423. Further funding was provided by several Argentinian foundations as well as the Science Fund of the Republic of Serbia.

Along with Trasande, Marina Olga Fernandez, PhD, at the National Council for Scientific and Technical Research in Buenos Aires, Argentina, serves as study senior author.

Another study co-investigator is Aleksandra Buha Dordevic, PhD, at the University of Belgrade in Serbia.
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The shocking reason Arctic rivers are turning rusty orange | ScienceDaily
Ice can dissolve iron minerals more effectively than liquid water, according to a new study from Umea University. The discovery could help explain why many Arctic rivers are now turning rusty orange as permafrost thaws in a warming climate.


						
The study, recently published in the scientific journal PNAS, shows that ice at minus ten degrees Celsius releases more iron from common minerals than liquid water at four degrees Celsius. This challenges the long-held belief that frozen environments slow down chemical reactions.

"It may sound counterintuitive, but ice is not a passive frozen block," says Jean-Francois Boily, Professor at Umea University and co-author of the study. "Freezing creates microscopic pockets of liquid water between ice crystals. These act like chemical reactors, where compounds become concentrated and extremely acidic. This means they can react with iron minerals even at temperatures as low as minus 30 degrees Celsius."

To understand the process, the researchers studied goethite - a widespread iron oxide mineral - together with a naturally occurring organic acid, using advanced microscopy and experiments.

They discovered that repeated freeze-thaw cycles make iron dissolve more efficiently. As the ice freezes and thaws, organic compounds that were previously trapped in the ice are released, fuelling further chemical reactions. Salinity also plays a crucial role: fresh and brackish water increase dissolution, while seawater can suppress it.

The findings apply mainly to acidic environments, such as mine drainage sites, frozen dust in the atmosphere, acid sulfate soils along the Baltic Sea coast, or in any acidic frozen environment where iron minerals interact with organics. The next step is to find out if the same is true for all iron-bearing ice. This is what ongoing research in the Boily laboratory will soon reveal.

"As the climate warms, freeze-thaw cycles become more frequent," says Angelo Pio Sebaaly, doctoral student and first author of the study. "Each cycle releases iron from soils and permafrost into the water. This can affect water quality and aquatic ecosystems across vast areas."

The findings show that ice is not a passive storage medium, but an active player. As freezing and thawing increase in polar and mountain regions, for the impact on ecosystems. and the natural cycling of elements could be significant.
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Hidden for 125 years, a Welsh fossil turns out to be a dinosaur | ScienceDaily
Paleontologists at the University of Bristol have officially identified a new species of dinosaur from Triassic fossil beds in South Wales, near Penarth - more than 125 years after the specimen was initially reported.


						
Using modern digital scanning techniques the researchers were able to shed new light on the fossil jawbone, which has been known since 1899 and been on display in the National Museum of Wales for many years, but was not correctly identified until now.

The fossil consists of natural molds of the jawbone in the rock and all the original bone has disappeared. So, using photo scanning, paleontology student Owain Evans was able to make a perfect 3D digital reconstruction to enable detailed study.

Owain Evans said: "This specimen has been referred to many times in scientific papers, but had yet to be successfully identified - we were not even sure whether it was dinosaur. It was named Zanclodon cambrensis by Edwin Tully Newton in 1899, but we knew the name Zanclodon had been abandoned as referring to a broad variety of early reptiles. Therefore, we name it after Newton, calling it Newtonsaurus. It is different from all other dinosaurs from around that time, and requires a distinctive name."

Professor Michael J Benton, who is the senior author on the paper, said: "The natural molds of the inner and outer faces of the jawbone show amazing detail - every groove, ridge, tooth, and even the serrations along the edges of the teeth. We decided to use digital photography to make a 3D model. We began by surface scanning the fossil using photogrammetry. Once we had our digital scan, we then inverted it - essentially giving us a digital negative of the mold. It was then a simple case of fusing the two sides together and analyzing the anatomy from there. The digital reconstruction we have extracted from the specimen gives a much better idea of what the original structure of the bone would have looked like."

Now that the fossil could be studied, the team was able to use its anatomy to piece together its position in the reptile family tree - and most crucially - whether it was a dinosaur or not.

Owain Evans said: "We can now confirm that this specimen very likely belonged to a large predatory theropod dinosaur, that roamed the shores of South Wales during the latest Triassic. It has some definite unique dinosaur features in the emplacement of the teeth, and it is a theropod -- a predatory, flesh-eating dinosaur. Otherwise, it sits near the origins of both major divisions of Theropoda, the Coelophysoidea and the Averostra.

"Most unexpected is the size of the animal. The preserved jawbone is 28 cm long, and that is just the front half, so originally the jawbone was 60 cm long, corresponding to a dinosaur with a body length of 5-7 meters. This is unusually large for a Triassic theropod, most of which were half the size or smaller."

Cindy Howells at the National Museum of Wales said: "These historical specimens are vitally important in paleontology and often yield new and exciting results - even if they have been sitting in collections for years. The Victorians were fascinated by the fossil record and prospected all across the UK for fossils. On top of this, the re-description of Newtonsaurus cambrensis once again highlights the significance of Wales in paleontological research. These Triassic beds are rare worldwide, and yet there are several across Wales. There might very well be another dinosaur waiting to be discovered."
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Could these strange rocks be the first true evidence of life on Mars? | ScienceDaily
A new study co-authored by Texas A&M University geologist Dr. Michael Tice has revealed potential chemical signatures of ancient Martian microbial life in rocks examined by NASA's Perseverance rover.


						
The findings, published by a large international team of scientists, focus on a region of Jezero Crater known as the Bright Angel formation -- a name chosen from locations in Grand Canyon National Park because of the light-colored Martian rocks. This area in Mars' Neretva Vallis channel contains fine-grained mudstones rich in oxidized iron (rust), phosphorus, sulfur and -- most notably -- organic carbon. Although organic carbon, potentially from non-living sources like meteorites, has been found on Mars before, this combination of materials could have been a rich source of energy for early microorganisms.

"When the rover entered Bright Angel and started measuring the compositions of the local rocks, the team was immediately struck by how different they were from what we had seen before," said Tice, a geobiologist and astrobiologist in the Department of Geology and Geophysics. "They showed evidence of chemical cycling that organisms on Earth can take advantage of to produce energy. And when we looked even closer, we saw things that are easy to explain with early Martian life but very difficult to explain with only geological processes."

Tice went on to explain that "living things do chemistry that generally occurs in nature anyway given enough time and the right circumstances. To the best of our current knowledge, some of the chemistry that shaped these rocks required either high temperatures or life, and we do not see evidence of high temperatures here. However, these findings require experiments and ultimately laboratory study of the sample here on Earth in order to completely rule out explanations without life."

The team published its findings in Nature. 

A window into Mars' watery past

The Bright Angel formation is composed of sedimentary rocks deposited by water, including mudstones (fine-grained sedimentary rocks made of silt and clay)and layered beds that suggest a dynamic environment of flowing rivers and standing water. Using Perseverance's suite of instruments, including the SHERLOC and PIXL spectrometers, scientists detected organic molecules and small arrangements of minerals that appear to have formed through "redox reactions," chemical processes involving the transfer of electrons. On Earth, those processes are often driven by biological activity.




Among the most striking features are tiny nodules and "reaction fronts" -- nicknamed "poppy seeds" and "leopard spots" by the rover team -- enriched in ferrous iron phosphate (likely vivianite) and iron sulfide (likely greigite). These minerals commonly form in low-temperature, water-rich environments and are often associated with microbial metabolisms.

"It's not just the minerals, it's how they are arranged in these structures that suggests that they formed through the redox cycling of iron and sulfur," Tice said. "On Earth, things like these sometimes form in sediments where microbes are eating organic matter and 'breathing' rust and sulfate. Their presence on Mars raises the question: could similar processes have occurred there?"

Organic matter and redox chemistry

The SHERLOC instrument detected a Raman spectral feature known as the G-band, a signature of organic carbon, in several Bright Angel rocks. The strongest signals came from a site called "Apollo Temple," where both vivianite and greigite were most abundant.

"This co-location of organic matter and redox-sensitive minerals is very compelling," said Tice. "It suggests that organic molecules may have played a role in driving the chemical reactions that formed these minerals."

Tice notes it's important to understand that "organic" does not necessarily mean formed by living things.




"It just means having a lot of carbon-carbon bonds," he explained. "There are other processes that can make those besides life. The kind of organic matter detected here could have been produced by abiotic processes or it could have been produced by living things. If produced by living things, it would have to have been degraded by chemical reactions, radiation or heat to produce the G-band that we observe now."

The study outlines two possible scenarios: one in which these reactions occurred abiotically (driven by geochemical processes) and another in which microbial life may have affected the reactions, as it does on Earth. Strikingly, although some features of the nodules and reaction fronts could be produced by abiotic reactions between organic matter and iron, the known geochemical processes that could have produced the features associated with sulfur usually only work at relatively high temperatures.

"All the ways we have of examining these rocks on the rover suggest that they were never heated in a way that could produce the leopard spots and poppy seeds," said Tice. "If that's the case, we have to seriously consider the possibility that they were made by creatures like bacteria living in the mud in a Martian lake more than three billion years ago."

While the team emphasizes that the evidence is not definitive proof of past life, the findings meet NASA's criteria for "potential biosignatures" -- features that warrant further investigation to determine whether they are biological or abiotic in origin.

A sample worth returning

Perseverance collected a core sample from the Bright Angel formation, named "Sapphire Canyon," which is now stored in a sealed tube carried by the rover. This sample is among those prioritized for return to Earth in a potential future mission.

"Bringing this sample back to Earth would allow us to analyze it with instruments far more sensitive than anything we can send to Mars," said Tice. "We'll be able to look at the isotopic composition of the organic matter, the fine-scale mineralogy, and even search for microfossils if they exist. We'd also be able to perform more tests to determine the highest temperatures experienced by these rocks, and whether high temperature geochemical processes might still be the best way to explain the potential biosignatures."

Tice, who has long studied ancient microbial ecosystems on Earth, said the parallels between Martian and terrestrial processes are striking -- with one important difference.

"What's fascinating is how life may have been making use of some of the same processes on Earth and Mars at around the same time," he said. "We see evidence of microorganisms reacting iron and sulfur with organic matter in the same way in rocks of the same age on Earth, but we'd never be able to see exactly the same features that we see on Mars in the old rocks here. Processing by plate tectonics has heated all our rocks too much to preserve them this way. It's a special and spectacular thing to be able to see them like this on another planet."
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Breakthrough method could dramatically cut prescription drug prices | ScienceDaily
One of the main factors driving prices in pharmaceuticals, such as cholesterol-lowering drugs and antibiotics, is the cost of production and materials. Researchers at the University of Maine Forest Bioproducts Research Institute (FBRI) have discovered a sustainable method to produce the key ingredient in a broad range of pharmaceuticals, which could help address high prescription drug costs in the U.S.


						
Among some of the most expensive medications are those that require a chiral center -- a property in which a molecule cannot be superimposed with its mirror image, like right and left hands. Chirality can direct a drug's biological effects including efficacy, side effects and metabolization. The price of chiral drugs is greatly contributed to the building blocks used during synthesis, which are costly to produce due to complex reaction and purification pathways.

In a new study recently published in Chem, FBRI researchers explore a new, cost-reducing pathway to produce one of these crucial building blocks, (S)-3-hydroxy-g-butyrolactone (HBL), from glucose at high concentrations and yields.

According to researchers, HBL is a chiral species used for the synthesis of an array of crucial drugs such as statins, antibiotics and HIV inhibitors. Because glucose can be derived from any lignocellulosic feedstock -- such as wood chips, sawdust, tree branches or other woody biomass -- this process opens a new door for the sustainable production of HBL. This approach could also potentially be used to produce other types of important consumer products.

"If we use other kinds of wood sugars, like xylose that is an unneeded byproduct from making pulp and paper, we expect that we could produce new chemicals and building blocks, like green cleaning products or new renewable, recyclable plastics," said Thomas Schwartz, associate director of FBRI and associate professor in the Maine College of Engineering and Computing who was a lead author for the paper.

In addition to its use as a chiral species, HBL has been identified as a highly valuable precursor to a variety of chemicals and plastics by the U.S. Department of Energy. Previous attempts to produce HBL sustainably achieved only limited success due to safety issues, ineffectiveness or a lack of cost-efficiency.

"The competing processes either lead to low yields, use hazardous starting materials or are just generally costly because of the chosen production scheme and low output," said Schwartz. "The commercial process is expensive because you have to add the chiral center to the molecule, which doesn't occur naturally with most petrochemicals."

Not only does this new approach result in significantly reduced greenhouse gas emissions, but the production costs are also reduced by more than 60% compared to current methods that use petroleum-derived feedstocks. The process can also yield other commercially important chemicals, such as glycolic acid (GA), which presents additional economic opportunities.

The research included work from students in the UMaine Catalysis Group led by Schwartz and was conducted in collaboration with the U.S. Department of Agriculture (USDA) Forest Products Laboratory and the University of Wisconsin-Madison. Funding for the project was provided by the USDA, U.S. Forest Service and the National Science Foundation.
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The surprising way metabolism controls embryo growth | ScienceDaily
Pregnant women rely on a balanced diet and supplements to deliver proper nutrients to their babies, to ensure they grow healthfully. Such nutrients contribute to fueling development and providing cellular building blocks that lead to healthy brains, bones, organs, and immune systems.


						
While this kind of nutritional preparation helps during pregnancy, EMBL scientists found that metabolism - the way cells break down food into energy - during embryonic development does more than just provide energy and cellular building blocks for proper embryonic development. Metabolism has a surprising signalling element. And by modulating metabolism in a tailored fashion, they could identify a signalling metabolite controlling the tempo of development.

"What we noticed was that as metabolism got faster, a particular developmental clock slowed down," said Hidenobu Miyazawa, one of the new study's first authors and a research staff scientist in the Aulehla Group at EMBL. "The observation hinted that the role of metabolism is not just providing energy and biomass to fuel the biological processes."

Miyazawa, along with two other first authors and Aulehla group members at the time, Nicole Prior and Jona Rada, plus other EMBL researchers discovered that metabolism also has a signalling component. The scientists studied mouse embryos while they formed repeating body segments that ultimately develop into spines. The signalling role of metabolism became clear when they discovered that even tiny amounts of certain metabolites - not enough to actually fuel cells - could still keep the embryo's 'biological clock' for segment formation ticking. This clock is referred to as the segmentation clock.

The scientists found an inverse relationship between metabolic activity and the tempo of the segmentation clock. This means the higher the metabolic activity in the cells, the slower the segmentation clock. Surprisingly, they could reverse this 'slow clock' phenotype by restoring cellular signalling, without modulating metabolism per se. This led them to conclude that metabolic activity impacted cell signaling.

To identify which key metabolites control the clock rhythm, the scientists turned to an experimental approach based on synchronisation theory. As your internal body rhythm follows external day-night cycles, the embryo's segmentation clock can also adapt to an external signalling cue when provided periodically. "In this project, we asked whether a metabolite can serve as a signalling cue to control the segmentation clock," Miyazawa explained.

Using this unique approach, the scientists found that a specific sugar molecule, FBP, was the key metabolite regulating the segmentation clock. FBP affects the rhythm of the segmentation clock through an important signaling pathway called Wnt signalling.

Additionally, Miyazawa explained that as the research team tracked the changes, the molecular oscillations associated with the segmentation clock could change the spatial patterns of the embryo's body segments.

While this scientific finding is an important one in fundamental research, it may have bearing on what scientists can understand and control in the future. This signalling role of metabolism might reflect how organisms respond to their environment, e.g. by adjusting development based on available food.

"The results actually raise an important question: could metabolism itself act as a pacemaker that connects internal biological clocks with external rhythms in the environment?" said Alexander Aulehla, senior author on the paper and EMBL's Developmental Biology Unit director. "Since metabolism is naturally linked to external cues and cycles, such as the circadian clock, our work showing that metabolism can 'set' the segmentation clock supports this idea that we will test in future studies."
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Strange new hybrid bird spotted in Texas backyard | ScienceDaily
Biologists at The University of Texas at Austin, who have reported discovering a bird that's the natural result of a green jay and a blue jay's mating, say it may be among the first examples of a hybrid animal that exists because of recent changing patterns in the climate. The two different parent species are separated by 7 million years of evolution, and their ranges didn't overlap as recently as a few decades ago.


						
"We think it's the first observed vertebrate that's hybridized as a result of two species both expanding their ranges due, at least in part, to climate change," said Brian Stokes, a graduate student in ecology, evolution and behavior at UT and first author of the study.

Stokes noted that past vertebrate hybrids have resulted from human activity, like the introduction of invasive species, or the recent expansion of one species' range into another's - think polar bears and grizzlies - but this case appears to have occurred when shifts in weather patterns spurred the expansion of both parent species.

In the 1950s, the ranges of green jays, a tropical bird found across Central America, extended just barely up from Mexico into south Texas and the range of blue jays, a temperate bird living all across the Eastern U.S., only extended about as far west as Houston. They almost never came into contact with each other. But since then, as green jays have pushed north and blue jays have pushed west, their ranges have converged around San Antonio.

As a Ph.D. candidate studying green jays in Texas, Stokes was in the habit of monitoring several social media sites where birders share photos of their sightings. It was one of several ways he located birds to trap, take blood samples for genetic analysis and release unharmed back to the wild. One day, he saw a grainy photo of an odd-looking blue bird with a black mask and white chest posted by a woman in a suburb northeast of San Antonio. It was vaguely like a blue jay, but clearly different. The backyard birder invited Stokes to her house to see it firsthand.

"The first day, we tried to catch it, but it was really uncooperative," Stokes said. "But the second day, we got lucky."

The bird got tangled in a mist net, basically a long rectangular mesh of black nylon threads stretched between two poles that is easy for a flying bird to overlook as it's soaring through the air, focused on some destination beyond. Stokes caught and released dozens of other birds, before his quarry finally blundered into his net on the second day.




Stokes took a quick blood sample of this strange bird, banded its leg to help relocate it in the future, and then let it go. Interestingly, the bird disappeared for a few years and then returned to the woman's yard in June 2025. It's not clear what was so special about her yard.

"I don't know what it was, but it was kind of like random happenstance," he said. "If it had gone two houses down, probably it would have never been reported anywhere."

According to an analysis by Stokes and his faculty advisor, integrative biology professor Tim Keitt, published in the journal Ecology and Evolution, the bird is a male hybrid offspring of a green jay mother and a blue jay father. That makes it like another hybrid that researchers in the 1970s brought into being by crossing a green jay and a blue jay in captivity. That taxidermically preserved bird looks much like the one Stokes and Keitt describe and is in the collections of the Fort Worth Museum of Science and History.

"Hybridization is probably way more common in the natural world than researchers know about because there's just so much inability to report these things happening," Stokes said. "And it's probably possible in a lot of species that we just don't see because they're physically separated from one another and so they don't get the chance to try to mate."

The scientists' work was supported by a ConTex Collaborative Research Grant through UT System, the Texas EcoLab Program and Planet Texas 2050, a University of Texas at Austin grand challenge initiative.

The researchers did not opt to name the hybrid bird, but other naturally occurring hybrids have received nicknames like "grolar bear" for the polar bear-grizzly hybrid, "coywolf" for a creature that's part coyote and part wolf and "narluga" for an animal with both narwhal and beluga whale parents.
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Hidden gene trick lets ants smell with super precision | ScienceDaily
Ant societies are built on scent. Pheromones guide the insects to food, warn them of predators, and regulate the rhythms of their colonies. This chemical communication system is governed by a simple rule: one receptor, one neuron. Ant genomes contain hundreds of odorant receptor genes, each encoding a receptor tuned to specific chemicals. Were a neuron to express multiple receptors at once, the messages arriving in the brain would be scrambled, and the ant would lose its finely tuned sense of smell.


						
Now, scientists working with the clonal raider ant have discovered the unique process by which each neuron selects a single odorant receptor from a vast library of genes. The findings, published in Current Biology, settle the longstanding mystery of how ants keep sensory signals clear.

"We're describing a new form of gene regulation," says Daniel Kronauer, head of the Laboratory of Social Evolution and Behavior at Rockefeller. "Our results demonstrate the importance of studying less conventional model species. We were able to discover new, fundamental molecular phenomena in clonal raider ants that we could not have seen in fruit flies."

One receptor, one neuron

A central principle of smell is that every neuron must have its own molecular identity. "It's a kind of dogma in the field of sensory neuroscience," says Giacomo Glotzer, a graduate student in the Kronauer lab. "Each sensory neuron typically expresses one receptor -- and that gives it its identity."

Different species solve the "one receptor, one neuron" puzzle in different ways. Fruit flies rely on molecular switches that turn individual genes on or off, ensuring that only one receptor emerges from each sensory neuron. Mammals employ a more chaotic approach, with each neuron randomly reshuffling its chromatin until only one receptor gene remains accessible.

It was unknown, however, whether ants employed a strategy more like the fly or the mouse, or altogether different strategy. Unlike fruit flies, which get by with about 60 odorant receptors, ants have several hundred -- comparable in scale to that of mammals. And many of their receptors are packed into clusters of nearly identical genes. In such a crowded neighborhood, turning on one gene might incidentally activate others. A simple strategy like the fruit fly's may not work for the ant's complex sense of smell, suggesting that ants maintain the 1:1 olfactory ratio some other way.




Building on a foundational paper on the subject that the team had published in 2023, the lab set out to capture this elusive mechanism in action. After dissecting the antennal tissue of clonal raider ants, the team then used RNA sequencing, to determine which genes were turned on, and RNA fluorescence in situ hybridization, to localize those genes in the ant antenna. They then used numerous cutting-edge molecular and computational techniques to create a clear image of one chosen receptor surrounded by its quieted neighbors.

They found that, when an ant neuron switches on its chosen receptor gene, it doesn't stop there. The RNA polymerase -- the engine that copies the DNA into RNA -- continues past that gene's normal endpoint, spilling into the genes that sit downstream of the target. These "readthrough" transcripts remain trapped in the nucleus, likely because they lack the unique tag required for export. The authors speculate that these transcripts are non-functional, but that their production itself is what silences downstream genes. Meanwhile, the neuron also generates "antisense" RNAs in the other direction. The polymerase here acts as a roadblock to silence upstream genes that might otherwise have turned on.

The result is a protective genetic shield around the chosen receptor gene.

"When we took the mechanism apart and dissected it into its constituent parts, we found that this strategy serves to silence the local genomic environment, giving that cell its singular receptor identity," says Parviz Daniel Hejazi Pastor, a biomedical fellow in the Kronauer lab. "Our findings center around transcriptional interference -- that the neuron chooses one receptor by preventing the true transcription of other receptors both upstream and downstream."

Beyond clonal raider ants

The team went on to confirm that this same mechanism is at work in other social insects, including the Indian jumping ant and the honeybee. These findings raise the possibility that many insects, both social and non-social, use transcriptional interference to maintain a 1:1 ratio between receptors and neurons. "This mechanism may be even more broadly distributed than we thought, particularly among insect species with large repertoires of olfactory receptor genes" Kronauer says. "It's even possible that fruit flies are the odd ones out."

The implications extend far beyond insect olfaction. By showing that tight clusters of related genes can be governed by two-way safeguards -- readthrough that quiets downstream neighbors and antisense transcription that blocks upstream ones -- this work offers a blueprint for how genomes might keep large gene families in check. The results also point to a potential mechanism for explaining how ants quickly expand their sense of smell over relatively short evolutionary time. The findings described in this paper might allow newly duplicated receptor genes to be integrated into a sensory system without the need to coevolve additional regulatory mechanisms.

"Once you have the system in place like this, you can allow it to become more complex without disrupting anything," Kronauer says. "We speculate that this kind of gene regulatory system contributes to allowing the ants to evolve new olfactory receptors so quickly."
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Stunning fossil from the Gobi Desert rewrites dinosaur history | ScienceDaily
A "teenaged" pachycephalosaur from Mongolia's Gobi Desert may provide answers to lingering questions around the dinosaur group, according to new research published on September 17 in the journal Nature. The fossil represents a new species of pachycephalosaur and is both the oldest and most complete skeleton of this dinosaur group found to date.


						
"Pachycephalosaurs are iconic dinosaurs, but they're also rare and mysterious," says Lindsay Zanno, associate research professor at North Carolina State University, head of paleontology at the North Carolina Museum of Natural Sciences and corresponding author of the work.

The specimen was discovered in the Khuren Dukh locality of the Eastern Gobi Basin by Tsogtbaatar Chinzorig from the Mongolian Academy of Sciences, who is the lead author of the paper and currently a research assistant at NC State.

The new species is called Zavacephale rinpoche, which is the combination of zava, meaning "root" or "origin" in Tibetan, and cephal, meaning "head" in Latin. The specific name, "rinpoche," or "precious one" in Tibetan, refers to the domed skull discovered exposed on a cliff like a cabochon jewel.

Z. rinpoche lived around 108 million years ago during the Early Cretaceous period in what is now Mongolia's Gobi Desert. At the time, the area was a valley dotted with lakes and surrounded by cliffs or escarpments. Pachycephalosaurs were plant eaters, and adults could grow to around 14 feet long (4.3 meters) and seven feet tall (2.1 meters), weighing 800 -- 900 pounds (363 - 410 kilograms).

"Z. rinpoche predates all known pachycephalosaur fossils to date by about 15 million years," Chinzorig says. "It was a small animal - about three feet or less than one meter long - and the most skeletally complete specimen yet found."

The Z. rinpoche specimen the team discovered was not fully grown when it died. However, it already sported a fully formed dome, though without much of the additional ornamentation found on other pachycephalosaur fossils.




"Z. rinpoche is an important specimen for understanding the cranial dome development of pachycephalosaurs, which has been debated for a long time due to the absence of early diverging or pre-Late Cretaceous species and the fragmentary nature of nearly all pachycephalosaurian fossils," Chinzorig says.

How to tell whether two skulls that look different belong to two distinct species or just different growth stages of the same species is a long-standing debate for paleontologists who study this group, and that's where Z. rinpoche comes in.

"Pachycephalosaurs are all about the bling, but we can't use flashy signaling structures alone to figure out what species they belong to or what growth stage they're in because some cranial ornamentation changes as animals mature," Zanno says.

"We age dinosaurs by looking at growth rings in bones, but most pachycephalosaur skeletons are just isolated, fragmentary skulls," Zanno adds. "Z. rinpoche is a spectacular find because it has limbs and a complete skull, allowing us to couple growth stage and dome development for the first time."

By examining a thin slice of the specimen's lower leg bone, the researchers determined that, despite sporting a fully formed dome, this Z. rinpoche was still a juvenile when it died.

Pachycephalosaurs are famous for their large domed skulls and are often depicted using those domes to duel in epic headbutting contests. "The consensus is that these dinosaurs used the dome for socio-sexual behaviors," Zanno says. "The domes wouldn't have helped against predators or for temperature regulation, so they were most likely for showing off and competing for mates.




"If you need to headbutt yourself into a relationship, it's a good idea to start rehearsing early," she says.

Z. rinpoche fills in huge gaps in the pachycephalosaur timeline - both in terms of when they lived and how they grew, the researchers say.

"This specimen is a once-in-a-lifetime discovery. It is remarkable for being the oldest definitive pachycephalosaur, pushing back the fossil record of this group by at least 15 million years, but also because of how complete and well-preserved it is," Zanno says. "Z. rinpoche gives us an unprecedented glimpse into the anatomy and biology of pachycephalosaurs, including what their hands looked like and that they used stomach stones to grind food."

"The newly recovered materials of Z. rinpoche, such as the hand elements, the stomach stones (gastroliths), and an articulated tail with covered tendons, reshape our understanding of the paleobiology, locomotion, and body plan of these 'mysterious' dinosaurs," Chinzorig says.

The work appears in Nature and was supported by the National Geographic Society (grant NGS-100601R-23). Ryuji Takasaki of the Okayama University of Science; Junki Yoshida of the Fukushima Museum; Batsaikhan Buyantegsh, Buuvei Mainbayar and Khishigjav Tsogtbaatar of the Institute of Paleontology of the Mongolian Academy of Sciences; and Ryan Tucker of Stellenbosch University contributed to the work.
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DNA from old ants reveals a hidden insect apocalypse in Fiji | ScienceDaily
From pollinating flowers to enabling decomposition and supporting nutrient cycles, insects' abundance and biodiversity are critical for maintaining healthy ecosystems. However, recent studies showing population declines have raised alarm about how insects are coping with the modern world. Understanding whether recent observations are part of longer timescale trends can help inform global conservation efforts, and identify the reasons behind the so-called "Insect Apocalypse."


						
Published in Science, researchers from the Okinawa Institute of Science and Technology (OIST) used a community genomics approach to explore ant populations in the Fijian archipelago as a model system to understand insect biodiversity trends. By studying the genomics of museum collections, they were able to trace the ants' evolutionary relationships to explore their arrival to the islands and reconstruct the population history of the species.

Global conservation efforts rely on biodiversity monitoring, but often focus on larger photogenic animals, and on easier to monitor areas, like temperate habitats. However, it's widely suspected that many insect species are experiencing rapid population decline. We know that island systems are hotspots of biodiversity, so they are critical to study. Dr. Evan Economo, a Professor at OIST and the University of Maryland, and one of the senior authors on the paper, explains, "It can be difficult to estimate historical changes to insect populations, because with few exceptions, we haven't been directly monitoring populations over time. We take a novel approach to this problem by analyzing the genomes of many species in parallel from museum specimens collected recently. The genomes hold evidence of whether populations are growing or shrinking, allowing us to reconstruct community-wide changes."

What the researchers found is alarming; 79% of the endemic species (species found only in Fiji) are in decline, over a timescale which correlates with the arrival of humans to the islands. Meanwhile, ant species recently brought by humans are exploding in population. The largest proportion of declines are seemingly within the most recent few hundred years, coinciding with European contact, colonization, global trade and the introduction of modern agricultural techniques.

A community-wide approach 

By focusing on the Fijian archipelago, a region of long-term interest to the researchers, they were able to get a broad, comprehensive overview of the population changes and colonization history of almost all the different ant species in the region. "Being closed, isolated ecosystems, islands are expected to feel the effects of human impact faster, so they are kind of a canary in the coal mine," notes Dr. Cong Liu, first author on this paper.

However, studying the populations of tropical islands is not without challenges. Often fieldwork can be extremely difficult, and it isn't easy to do continuous surveys. Therefore, instead of relying on real-time field monitoring, here the team used museum collections built across decades of fieldwork, including both the team's previous collection efforts and those by other entomologists.




Museumomics: reconstructing ant colonization 

One challenge of using museum collections is that DNA degrades over time. Therefore, the researchers had to use special sequencing methods (museumomics) to compare small fragments of DNA. In this study, they sequenced samples of genomes from thousands of ants from over one hundred different confirmed ant species. Using these data, they identified 65 separate instances (colonization events) where new ant species came to the island. These ranged from natural colonization (i.e. arrival of the ants with no human involvement) millions of years ago, to recent human introduction after Fiji became part of global trade networks.

Building on this history, the researchers were able to use their population genetics models to identify the rise or decline in population of different ant groups throughout the Fijian archipelago, noting the decline of endemic species, as well as dramatic increases in population of non-native species in more recent years.

Island endemic species have often evolved traits that make them sensitive to environmental changes, including the arrival of new damaging species. "Most recorded extinctions have historically been from island systems," adds Dr. Liu.

Going beyond the archipelago 

The team hopes that this work can act as inspiration for future work to continue building scientific understanding of insect populations, and to inform conservation efforts. "This study also highlights the importance of biodiversity and museum collections," explains Professor Alexander Mikheyev of the Australian National University, a senior author on this study. "As our scientific toolbox expands, there is more and more information that we are able to capture from biodiversity collections, so it's essential that we continue investing in and maintaining these vital resources."

The team are looking into this locally as well, to measure the biodiversity of Okinawan insect populations in real-time through acoustic monitoring and trapping as part of the Okinawa Environmental Observation Network (OKEON).

"Insects are essential for the environment," emphasizes Prof. Economo. "As scientists, we need to play our part in their protection, and provide and analyze the relevant data to ensure the long-term integrity of our ecosystems."
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Forgotten royal warship sunk 500 years ago reveals surprising secrets | ScienceDaily
Lund University archaeologists have revealed details of late medieval artillery from the wreck of the royal Danish-Norwegian flagship, Gribshunden. The shipwreck is the only known example of its kind from the medieval period -- as both ship and weapons are nearly identical to those of the early Spanish and Portuguese explorers. The new study tells the story of how early modern maritime adventurers were equipped to start the process of dominance and colonisation across the world.


						
"Diving on this late medieval royal shipwreck is of course exciting. However, the greatest satisfaction is when we can actually put the pieces of the puzzle together later on; combining Martin's castle expertise with Kay's deep understanding of artillery," explains Brendan Foley, the marine archeologist behind the study, who worked closely with fellow LU archaeologist Martin Hansson and medieval artillery expert Kay Douglas Smith.

Gribshunden, the flagship of the Danish-Norwegian King Hans, sank mysteriously in 1495 off the coast of Ronneby, Sweden. The wreck is internationally significant as the world's best-preserved ship from the Age of Exploration -- a proxy for the vessels of Christopher Columbus and Vasco da Gama.

Ocean-going ships like Gribshunden and the artillery they carried were critical technologies for European explorers after 1492. The voyages to America and into the Indian Ocean via the Cape of Good Hope led to European colonization around the world. Gribshunden is a rare archaeological resource, as it is the most complete example yet discovered of a late medieval carvel warship.

The ship carried 50 or more small calibre guns firing lead shot with an iron core. They were intended for anti-personnel use at close range, with tactics designed to injure or kill the enemy ships' personnel, followed by boarding to capture the vessel. Led by Lund University Professor Nicolo Dell'Unto, the Lund University team recreated the guns from 3D models of the artifacts

A Danish 'floating castle'

Gribshunden was built near Rotterdam between 1483-84. King Hans of Denmark and Norway had taken possession of the ship by spring 1486. The high cost of building and equipping these ships meant Gribshunden probably absorbed about 8% of the Danish national budget in 1485.




Hans utilized his flagship differently from other monarchs; he personally sailed on it frequently, using it not for exploration, but to solidify his grasp on his kingdom. It was his floating castle, enabling royal travel to Sweden and all around the Danish realm including Gotland and especially Norway. The king used this vessel in ways similar to a terrestrial royal fortification. This included several soft power functions: economic, diplomatic, social, cultural, and administrative. Underpinning all of these was the obvious hard power of the ship's martial purpose embodied by the guns and other weapons carried aboard.

Evidence of explosion

Gribshunden served the crown for a decade before sinking while the king was en route from Copenhagen to a political summit in Sweden, where he expected to unify the entire Nordic region in a new Kalmar Union. Historical documents including eyewitness accounts relate that while Hans was ashore in Ronneby, an explosion and fire claimed the ship while it was anchored off the town.

Among the 22-lead artillery shots from Gribshunden, several are flattened on one or two sides. This may be a result of the explosion that sank the vessel. Shot stored in the hold near the gunpowder ricocheted inside the ship.

No Nordic expansion into North America

So, given the existence of these warships, why didn't Denmark compete in expanding to the Americas? Denmark and Norway shared the long Viking and medieval Nordic history of exploration and settlement in the west, with colonies in Iceland and Greenland, and settlements in North America. Coupled with adoption of this new enabling technology, Hans might have successfully competed with the Iberian rulers in global exploration and expansion to the Americas.




However, Hans' primary concern was consolidating rule over the Baltic region. In pursuit of that goal, Hans himself sailed on Gribshunden into the Atlantic on several royal visits, and to Kalmar on the ship's final voyage.

One reason for Denmark's inattention to the Americas might have been a 1493 papal bull signed by Pope Alexander VI. This granted Spain rights to the Americas, and a treaty between Spain and Portugal ceded the Indian Ocean to the latter. Prior to the Reformation, the threat of excommunication for ignoring the papal 'Inter Caetera' was very real.

Summary of the publication:
    	Presents the artillery of a well-preserved late medieval Danish-Norwegian carvel warship, Gribshunden
    	Of its original 50 or more guns, elements of 11 have been recovered and digitally recreated, and more remain on the wreck
    	Provides insights into the development of shipboard artillery in the late 15th century

More about the study:

The study was written by archaeologists Brendan Foley and Martin Hansson, with English medieval artillery expert Kay Douglas Smith. The project is conducted in collaboration with Blekinge Museum, Vikingeskibsmueet, and Ronneby municipality. The research was funded by grants from the Swedish Research Council (Vetenskapsradet), Crafoordska Stifltelsen, Huckleberry Foundation (USA), and with support from Blekinge Museum and the Lund University Department of Archaeology and Ancient History.

The Gribshunden artillery artifacts are exhibited and curated at the Blekinge Museum facility in Rosenholm, with select artifacts on temporary display in Kallvattenkuren in Ronneby, and in Museet for Sofart in Helsingor, Denmark. Plans are underway to create a dedicated Gribshunden museum in Ronneby, where the artillery and other objects from the wreck may ultimately find a permanent home.
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Egg-eating worms could be the secret to saving Chesapeake Bay's blue crabs | ScienceDaily
Parasitic, egg-eating worms might sound like the stuff of nightmares, but they're simply a fact of life for blue crabs in the Chesapeake Bay. Interestingly, a new study published in the journal PLOS One by researchers at William & Mary's Batten School & VIMS suggests these worms could serve as a valuable biomarker for managing the fishery.


						
The most recent Winter Dredge Survey, conducted by the Batten School of Coastal & Marine Sciences & VIMS in collaboration with Maryland's Department of Natural Resources, recorded historically low numbers of blue crabs in the Chesapeake Bay. The findings have sparked concern among the fishery's many stakeholders and highlight a need for new tools that can help balance economic and ecological priorities -- this study may help with that.

The worm, Carcinonemertes carcinophila, infests and lives on the egg clutches of female blue crabs. While they do not eat enough eggs to drastically reduce the crabs' reproductive output, they grow and change color after feeding making them a potential biomarker for determining whether a female crab has spawned. However, crabs living throughout the Chesapeake Bay experience a wide range of salinity levels, and it was previously unclear whether the worms could survive in the lower salinities found in some parts of the Bay and its tributaries.

"Other species of Carcinonemertes cannot survive in salinity levels below 20 parts per thousand, which is a common occurrence in the Bay's tributaries and during high-precipitation events," said Professor Jeffrey Shields at the Batten School & VIMS. "We found this worm to be much tougher than other species."

Evaluating the worms' potential as biomarkers

The study continues research initiated by former Batten School & VIMS student Alex Schneider Ph.D. '24, who investigated blue crab reproduction to support improved fishery management. One part of her dissertation focused on Carcinonemertes carcinophila's potential for determining the number of times a female crab has reproduced.

Schneider collaborated with Alex Pomroy, an undergraduate student at William & Mary and the study's lead author. Under Shields' mentorship, the researchers collected worms from blue crabs and subjected them to a wide range of salinities.




As expected, the worms thrived in mid-to-high salinity levels of 20-30 parts per thousand (psu). However, the researchers also found that the worms could acclimate and survive at a salinity of 10 psu and even withstand and recover from short durations (up to 39 hours) at levels as low as five psu.

"Female crabs often migrate from low-salinity waters to high-salinity waters to lay eggs. We found that the worms had a wide salinity tolerance, and that they survived well at the lower salinities representative of where crabs might begin their migrations," said Pomroy. "This means that the worms are likely to infest crabs throughout their adult lives, confirming their potential as biomarkers for reproduction."

Implications for fishery management

The blue crab is one of the most important commercial and recreational species in Chesapeake Bay. Egg production is a key component of many fishery models, but it has been difficult to determine how many times a female crab has spawned.

Female crabs that have not yet produced offspring are termed primiparous, while those that have reproduced multiple times are multiparous. Previous research by Schneider and others at the Batten School & VIMS demonstrated that female blue crabs produce more offspring in their first clutch, with fecundity -- or reproductive potential -- declining in subsequent clutches. The study also showed that nearly all crabs reproducing in June were primiparous, while those reproducing later in the spawning season were mostly multiparous.

In another study published in the journal Marine Ecology Progress Series, Schneider and co-authors used the worm to provide the first-ever estimate of the proportion of crabs that have and have not spawned during winter. This information helps managers understand the impacts of commercial and recreational harvest on spawning demographics and the overall composition of the population before the spawning season.

"If you're trying to increase the blue crab population in the Bay, it makes sense to protect the primiparous crabs if they are producing more offspring," said Schneider. "The presence and physical characteristics of this worm can serve as a sort of living history of whether a crab has spawned, potentially giving us a tool to identify how fecundity changes over a female's life and which crabs are the most productive."

In its state advisory role, the Virginia Institute of Marine Science conducts population surveys and provides scientific guidance to inform fisheries management and is continuing to track the proportion of multiparous spawners using the worms as a biomarker. The results from this and related studies will be shared with all partners involved in managing the Bay's blue crab fishery. The authors note that additional research on the reproductive ecology of female blue crabs may help to better manage this vitally important species.
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Wildfire smoke could kill 70,000 Americans a year by 2050 | ScienceDaily
Wildfires burning across Canada and the Western United States are spewing smoke over millions of Americans - the latest examples of ashy haze becoming a regular experience, with health impacts far greater than scientists previously estimated.


						
Although wildfires have long been part of life in the Western U.S., warmer, drier conditions are fueling bigger blazes that occur more often and for longer. Smoke from these blazes is spreading farther and lingering longer than in the past. In a Sept. 18 study in Nature, Stanford University researchers estimate that continued global warming could lead to about 30,000 additional deaths each year nationwide by 2050, as climate-driven increases in fire activity generate more smoke pollution across North America.

"There's a broad understanding that wildfire activity and wildfire smoke exposure are changing quickly. This is a lived experience, unfortunately, for folks on the West Coast over the last decade and folks on the East Coast in the last few years," said senior study author Marshall Burke, a professor of environmental social sciences in the Stanford Doerr School of Sustainability. "Our paper puts some numbers on what that change in exposure means for health outcomes, both now and in the future as the climate warms."

The researchers found no U.S. community is safe from smoke exposure. When monetized, deaths related to wildfire smoke could reach $608 billion in annual damages by 2050 under a business-as-usual emissions scenario where global temperatures rise about 2 degrees Celsius above pre-industrial levels. That estimated toll surpasses current estimates of economic costs from all other climate-driven damages in the U.S. combined, including temperature-related deaths, agricultural losses, and storm damage.

"What we see, and this is consistent with what others find, is a nationwide increase in wildfire smoke," said lead study author Minghao Qiu, an assistant professor at Stony Brook University who worked on the study as a postdoctoral researcher in Burke's lab. "There are larger increases on the West Coast, but there's also long-range transport of wildfire smoke across the country, including massive recent smoke events in the Eastern and Midwestern U.S. from Canadian fires."

Uniquely dangerous pollution

Deaths from wildfire smoke result from inhaling a complex mix of chemicals. Wildfires can expose large numbers of people to these toxic pollutants for days or weeks at a time, contributing to deaths up to three years after the initial exposure, according to the new study.




Within wildfire smoke pollution, researchers often focus on fine particulate matter, known as PM2.5, which penetrates the lungs and enters the bloodstream. While the health effects of PM2.5 from other sources are well studied, less is known about the specific dangers of PM2.5 from wildfire smoke. Some recent research shows that wildfire smoke can contain a range of toxic chemicals harmful to human health. Qiu, Burke, and colleagues used U.S. death records to assess these additional risks from smoke.

The researchers combined county-level data on all recorded U.S. deaths from 2006 to 2019 with measurements of ground-level smoke emissions, wind variation, and the movement of airborne particulate matter, using machine learning to predict how wildfire emissions changes in one area affected smoke concentrations in another. They linked changes in smoke concentrations to variation in historical mortality and used global climate models to project future fire activity, smoke levels, and health impacts under different warming scenarios through 2050.

The results show that excess deaths from smoke PM2.5 exposure under a business-as-usual emissions scenario could increase more than 70% to 70,000 per year from roughly 40,000 annual deaths attributed to smoke from 2011 to 2020. The largest projected increases in annual smoke exposure deaths occur in California (5,060 additional deaths), New York (1,810), Washington (1,730), Texas (1,700), and Pennsylvania (1,600).

Understanding climate impacts

By quantifying economic damage from smoke-related deaths, the findings uncover a hidden tax on families and businesses. The researchers found that even if the world cuts emissions rapidly enough to stabilize global temperatures below 2 C by the end of the century, deaths from climate-driven smoke exposure in the U.S. alone would likely still exceed 60,000 per year by 2050.

"If you look at the leading climate impact assessment tools that are used to inform policy, none of them incorporate how changes in climate could influence wildfire smoke and related human mortality," Qiu said. "Our study shows climate models are missing a huge part of the climate impacts in the U.S. - it's like leaving the main character out of a movie."

A shared burden




Actions by public health officials and communities can mitigate this growing threat. For example, investing in better indoor air filtration can help reduce exposure for vulnerable individuals or communities. Prescribed burns or other fuels management approaches can help to reduce the severity of wildfires and resulting smoke waves.

"Our understanding of who is vulnerable to this exposure is much broader than we thought," Burke said. "It's pregnant people, it's kids in schools, it's anyone with asthma, it's people with cancer. We look at one specific health outcome in this study - mortality - and unfortunately find a shared burden of exposure for individuals across the U.S."

Burke is also a professor (by courtesy) of Earth system science; deputy director at the Center on Food Security and the Environment; and a senior fellow with the Stanford Institute for Economic Policy Research (SIEPR), the Woods Institute for the Environment, and the Freeman Spogli Institute for International Studies. 

Additional Stanford co-authors include Jessica Li, a research data analyst at the Center on Food Security and the Environment; Renzhi Jing, a postdoctoral researcher in primary care and population policy; Makoto Kelp, a postdoctoral researcher in Earth system science; Jeff Wen, a PhD student in Earth system science; Mathew Kiang, assistant professor of epidemiology and population health; Sam Heft-Neal, a senior research scholar at the Center on Food Security and the Environment; and Noah Diffenbaugh, the Kara J Foundation Professor and Kimmelman Family Senior Fellow. Other study co-authors are from the University of California, San Diego, the University of Washington, Princeton University, the National Oceanic and Atmospheric Administration, and the National Bureau of Economic Research.

This research was supported by the Keck Foundation, Stanford's Center for Innovation in Global Health, Stony Brook University, the Harvard University Center for the Environment, and the Stanford Research Computing Center.
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Earthquakes release blistering heat that can melt rock in an instant | ScienceDaily
The ground-shaking that an earthquake generates is only a fraction of the total energy that a quake releases. A quake can also generate a flash of heat, along with a domino-like fracturing of underground rocks. But exactly how much energy goes into each of these three processes is exceedingly difficult, if not impossible, to measure in the field.


						
Now MIT geologists have traced the energy that is released by "lab quakes" -- miniature analogs of natural earthquakes that are carefully triggered in a controlled laboratory setting. For the first time, they have quantified the complete energy budget of such quakes, in terms of the fraction of energy that goes into heat, shaking, and fracturing.

They found that only about 10 percent of a lab quake's energy causes physical shaking. An even smaller fraction -- less than 1 percent -- goes into breaking up rock and creating new surfaces. The overwhelming portion of a quake's energy -- on average 80 percent -- goes into heating up the immediate region around a quake's epicenter. In fact, the researchers observed that a lab quake can produce a temperature spike hot enough to melt surrounding material and turn it briefly into liquid melt.

The geologists also found that a quake's energy budget depends on a region's deformation history -- the degree to which rocks have been shifted and disturbed by previous tectonic motions. The fractions of quake energy that produce heat, shaking, and rock fracturing can shift depending on what the region has experienced in the past.

"The deformation history -- essentially what the rock remembers -- really influences how destructive an earthquake could be," says Daniel Ortega-Arroyo, a graduate student in MIT's Department of Earth, Atmospheric and Planetary Sciences (EAPS). "That history affects a lot of the material properties in the rock, and it dictates to some degree how it is going to slip."

The team's lab quakes are a simplified analog of what occurs during a natural earthquake. Down the road, their results could help seismologists predict the likelihood of earthquakes in regions that are prone to seismic events. For instance, if scientists have an idea of how much shaking a quake generated in the past, they might be able to estimate the degree to which the quake's energy also affected rocks deep underground by melting or breaking them apart. This in turn could reveal how much more or less vulnerable the region is to future quakes.

"We could never reproduce the complexity of the Earth, so we have to isolate the physics of what is happening, in these lab quakes," says Matej Pec, associate professor of geophysics at MIT. "We hope to understand these processes and try to extrapolate them to nature."

Pec (pronounced "Peck") and Ortega-Arroyo reported their results in the journal AGU Advances. Their MIT co-authors are Hoagy O'Ghaffari and Camilla Cattania, along with Zheng Gong and Roger Fu at Harvard University and Markus Ohl and Oliver Plumper at Utrecht University in the Netherlands.




Under the surface

Earthquakes are driven by energy that is stored up in rocks over millions of years. As tectonic plates slowly grind against each other, stress accumulates through the crust. When rocks are pushed past their material strength, they can suddenly slip along a narrow zone, creating a geologic fault. As rocks slip on either side of the fault, they produce seismic waves that ripple outward and upward.

We perceive an earthquake's energy mainly in the form of ground shaking, which can be measured using seismometers and other ground-based instruments. But the other two major forms of a quake's energy -- heat and underground fracturing -- are largely inaccessible with current technologies.

"Unlike the weather, where we can see daily patterns and measure a number of pertinent variables, it's very hard to do that very deep in the Earth," Ortega-Arroyo says. "We don't know what's happening to the rocks themselves, and the timescales over which earthquakes repeat within a fault zone are on the century-to-millennia timescales, making any sort of actionable forecast challenging."

To get an idea of how an earthquake's energy is partitioned, and how that energy budget might affect a region's seismic risk, he and Pec went into the lab. Over the last seven years, Pec's group at MIT has developed methods and instrumentation to simulate seismic events, at the microscale, in an effort to understand how earthquakes at the macroscale may play out.

"We are focusing on what's happening on a really small scale, where we can control many aspects of failure and try to understand it before we can do any scaling to nature," Ortega-Arroyo says.




Microshakes

For their new study, the team generated miniature lab quakes that simulate a seismic slipping of rocks along a fault zone. They worked with small samples of granite, which are representative of rocks in the seismogenic layer -- the geologic region in the continental crust where earthquakes typically originate. They ground up the granite into a fine powder and mixed the crushed granite with a much finer powder of magnetic particles, which they used as a sort of internal temperature gauge. (A particle's magnetic field strength will change in response to a fluctuation in temperature.)

The researchers placed samples of the powdered granite -- each about 10 square millimeters and 1 millimeter thin -- between two small pistons and wrapped the ensemble in a gold jacket. They then applied a strong magnetic field to orient the powder's magnetic particles in the same initial direction and to the same field strength. They reasoned that any change in the particles' orientation and field strength afterward should be a sign of how much heat that region experienced as a result of any seismic event.

Once samples were prepared, the team placed them one at a time into a custom-built apparatus that the researchers tuned to apply steadily increasing pressure, similar to the pressures that rocks experience in the Earth's seismogenic layer, about 10 to 20 kilometers below the surface. They used custom-made piezoelectric sensors, developed by co-author O'Ghaffari, which they attached to either end of a sample to measure any shaking that occurred as they increased the stress on the sample.

They observed that at certain stresses, some samples slipped, producing a microscale seismic event similar to an earthquake. By analyzing the magnetic particles in the samples after the fact, they obtained an estimate of how much each sample was temporarily heated -- a method developed in collaboration with Roger Fu's lab at Harvard University. They also estimated the amount of shaking each sample experienced, using measurements from the piezoelectric sensor and numerical models. The researchers also examined each sample under the microscope, at different magnifications, to assess how the size of the granite grains changed -- whether and how many grains broke into smaller pieces, for instance.

From all these measurements, the team was able to estimate each lab quake's energy budget. On average, they found that about 80 percent of a quake's energy goes into heat, while 10 percent generates shaking, and less than 1 percent goes into rock fracturing, or creating new, smaller particle surfaces.

"In some instances we saw that, close to the fault, the sample went from room temperature to 1,200 degrees Celsius in a matter of microseconds, and then immediately cooled down once the motion stopped," Ortega-Arroyo says. "And in one sample, we saw the fault move by about 100 microns, which implies slip velocities essentially about 10 meters per second. It moves very fast, though it doesn't last very long."

The researchers suspect that similar processes play out in actual, kilometer-scale quakes.

"Our experiments offer an integrated approach that provides one of the most complete views of the physics of earthquake-like ruptures in rocks to date," Pec says. "This will provide clues on how to improve our current earthquake models and natural hazard mitigation."

This research was supported, in part, by the National Science Foundation.
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        This forgotten king united England long before 1066
        AEthelstan, crowned in 925, was the first true king of England but remains overshadowed by Alfred the Great and later rulers. A new biography highlights his military triumphs, legal innovations, and cultural patronage that shaped England's identity. From the decisive Battle of Brunanburh to his reforms in governance and learning, AEthelstan's legacy is finally being revived after centuries of neglect.

      

      
        A tiny mineral may hold the secret to feeding billions sustainably
        Rice, a staple for billions, is one of the most resource-hungry crops on the planet--but scientists may have found a way to change that. By applying nanoscale selenium directly to rice plants, researchers dramatically improved nitrogen efficiency, boosted yields, and made grains more nutritious while reducing fertilizer use and cutting greenhouse gas emissions.

      

      
        Tylenol in pregnancy linked to higher autism risk, Harvard scientists report
        Researchers reviewing 46 studies found evidence linking prenatal acetaminophen (Tylenol) exposure with higher risks of autism and ADHD. The FDA has since urged caution, echoing scientists' advice that the drug be used only at the lowest effective dose and shortest duration. While important for managing fever and pain in pregnancy, prolonged use may pose risks to fetal development. Experts stress careful medical oversight and further investigation.

      

      
        10 people who beat 8,000 others to become NASA astronaut candidates
        NASA has chosen 10 new astronaut candidates who will train for missions to the Moon and Mars. Their selection represents a powerful blend of talent and ambition, fueling humanity's next great leaps into space.

      

      
        AI breakthrough finds life-saving insights in everyday bloodwork
        AI-powered analysis of routine blood tests can reveal hidden patterns that predict recovery and survival after spinal cord injuries. This breakthrough could make life-saving predictions affordable and accessible in hospitals worldwide.

      

      
        Can meditation apps really reduce stress, anxiety, and insomnia?
        Meditation apps are revolutionizing mental health, providing easy access to mindfulness practices and new opportunities for scientific research. With the help of wearables and AI, these tools can now deliver personalized training tailored to individual needs.

      

      
        This vibrant moth fooled scientists for generations
        For more than a century, a dazzling pink-and-yellow moth was mistaken for a common European species, but DNA analysis revealed it as entirely new: Carcina ingridmariae. Found across the eastern Mediterranean, this hidden beauty had evaded recognition until advanced barcoding techniques exposed its genetic secrets. Entomologist Dr. Peter Huemer confirmed the discovery and, in a heartfelt gesture, named the moth after his wife on their 42nd anniversary, celebrating both science and love.

      

      
        This surprising building material is strong, cheap, and sustainable
        A team at RMIT University has created a cement-free construction material using only cardboard, soil, and water. Strong enough for low-rise buildings, it reduces emissions, costs, and waste compared to concrete. The lightweight, on-site process makes it ideal for remote areas, while its thermal properties naturally cool buildings. Researchers see it as a key step toward greener, more resilient architecture.

      

      
        Scientists reveal the everyday habits that may shield you from dementia
        New studies reveal that lifestyle changes--such as exercise, healthy eating, and social engagement--can help slow or prevent cognitive decline. Experts say this low-cost, powerful approach could transform dementia care and reduce its crushing toll on families and health systems.

      

      
        Shocking study exposes widespread math research fraud
        A sweeping investigation has revealed widespread fraud in mathematics publishing, where commercial metrics and rankings have incentivized the mass production of meaningless or flawed papers. The study highlights shocking distortions--such as a university without a math department ranked as having the most top mathematicians--and the explosion of megajournals willing to publish anything for a fee.

      

      
        Scientists win Ig Nobel Prize for cracking the code to perfect cacio e pepe
        What started as a frustrating kitchen challenge turned into award-winning science: Fabrizio Olmeda and his colleagues scientifically decoded the secret of creamy cacio e pepe and earned the Ig Nobel Prize. Their research showed how starch can stabilize Pecorino into a smooth sauce, turning a culinary mystery into physics-driven perfection.
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This forgotten king united England long before 1066 | ScienceDaily
A groundbreaking new biography of AEthelstan marks 1,100 years since his coronation in 925 AD, reasserts his right to be called the first king of England, explains why he isn't better known and highlights his many overlooked achievements. The book's author, Professor David Woodman, is campaigning for greater public recognition of AEthelstan's creation of England in 927 AD.


						
The Battle of Hastings in 1066 and the signing of Magna Carta in 1215 are two of the most famous years in English history. But very few people know what happened in 925 or 927AD. Professor David Woodman, the University of Cambridge-based author of The First King of England, a groundbreaking new biography of AEthelstan, is determined to change this and not just with his book. He - and other historians - are planning a fitting memorial for England's first and unfairly overlooked king.

"As we approach the anniversaries of AEthelstan's coronation in 925 and the birth of England itself in 927, I would like his name to become much better known. He really deserves that," says Woodman, a Professor at Robinson College and Cambridge's Faculty of History.

Woodman is working with other historians* towards a memorial for the king, which could be a statue, plaque or portrait in a location like Westminster, Eamont Bridge (where AEthelstan's authority in 927 was recognized by other British rulers) or Malmesbury (where he was buried). Woodman is also calling for the history of AEthelstan's reign to appear more routinely on the school curriculum.

"There has been so much focus on 1066, the moment when England was conquered. It's about time we thought about its formation, and the person who brought it together in the first place," Professor Woodman says.

Why isn't AEthelstan better known?

Woodman's book, published by Princeton University Press, blames a lack of public relations. "AEthelstan didn't have a biographer writing up his story," Woodman says. "His grandfather, Alfred the Great, had the Welsh cleric Asser to sing his praises. And within decades of AEthelstan's death, a wave of propaganda ensured King Edgar became famous for reforming the church. This completely overshadowed AEthelstan's earlier revamping of learning and religiosity."

In modern times, historians have tended to dismiss AEthelstan's status as England's first king, on the basis that the kingdom fragmented soon after his death in 939AD. The focus has instead shifted to Edgar. Woodman rejects this argument.




"Just because things broke down after AEthelstan's death doesn't mean that he didn't create England in the first place," Woodman says. "He was so ahead of his time in his political thinking, and his actions in bringing together the English kingdom were so hard-won, that it would have been more surprising if the kingdom had stayed together. We need to recognise that his legacy, his ways of governing and legislating, continued to shape kingship for generations afterwards."

Woodman cites a wealth of evidence to resurrect AEthelstan's reputation.

Military success

"Militarily, AEthelstan was supremely strong," Woodman says. "He had to be very robust to expand the kingdom and then to defend it."

AEthelstan had to contend with major Viking settlement in the north and the east. In 927AD, he acquired authority over the Viking stronghold at York, and, in bringing Northumbria within his dominion, became the first to rule over an area recognizable as 'England'.

As AEthelstan expanded his kingdom, he drew Welsh and Scottish kings into his royal assemblies. Large-scale surviving original diplomas, housed in the British Library, list the very many nobles he compelled to attend. The meetings of AEthelstan's assemblies must have been incredibly grand affairs, involving hundreds of people in total.




"These Welsh and Scottish kings must have bitterly resented being brought so far out of their territories," Woodman says. "An incredible tenth-century Welsh poem, The Great Prophecy of Britain, calls for the English to be slaughtered. It's difficult to date, but it may be a direct response to this expansion of AEthelstan's power."

Then, in 937AD, at the famous Battle of Brunanburh, AEthelstan brutally crushed a formidable Viking coalition, supported by Scots and the Strathclyde Welsh, determined to overthrow him.

"Brunanburh should be as well-known as the Battle of Hastings," Woodman says. "Every major chronicle, in England, Wales, Ireland and Scandinavia took note of this battle, its outcome and how many people were slaughtered. It was a critically important episode in the history of the newly-formed English kingdom."

Numerous locations have been proposed for the battle. Woodman is confident that it happened at what is now Bromborough on the Wirral. "That location makes sense strategically and the etymology of the name fits," he says.

Revolution of government

AEthelstan's most powerful legacy rests in his "revolution of government," Woodman suggests. Legal documents from AEthelstan's reign survive in relative abundance and, Woodman argues, take us right to the heart of the type of king he was.

"King Alfred must have been a role model for his grandson," Woodman says. "AEthelstan saw that a king should legislate and he really did. He took crime very seriously."

Once AEthelstan had created the English kingdom, royal documents known as 'diplomas' (in essence a grant of land by the king to a beneficiary) were suddenly transformed. Formerly short and straightforward, they were transformed into grandiose statements of royal power.

"They're written in a much more professional script and in amazingly learned Latin, full of literary devices like rhyme, alliteration, chiasmus," Woodman says. "They were designed to show off, he's trumpeting his success."

But Woodman also argues that government became increasingly efficient during AEthelstan's reign. "We can see him sending law codes out to different parts of the kingdom, and then reports coming back to him about what was working and what changes needed to be made."

"There is also some of the clearest evidence we have for centralized oversight of the production of royal documents, with one royal scribe put in charge of their production. No matter where the king and the royal assembly traveled, the royal scribe went too."

Woodman points out that AEthelstan brought England together just as parts of continental Europe were fragmenting. "Nobles across Europe were rising up and taking territory for themselves," he says. "AEthelstan made sure that he was well placed to take advantage of the unfolding of European politics by marrying a number of his half-sisters into continental ruling houses."

Learning and religion

Woodman argues that AEthelstan reversed a decline in learning brought by the Vikings and their destruction of churches. "AEthelstan was intellectually curious and scholars from all over Europe came to his court," Woodman says. "He sponsored learning and was a keen supporter of the church."

Two of Woodman's favorite pieces of evidence relate to Saint Cuthbert. The first, the earliest surviving manuscript portrait of any English monarch, appears in a 10th-century manuscript now cared for by The Parker Library at Corpus Christi College, Cambridge. AEthelstan's head is bowed as he stands before the saint. "Everyone should know about this portrait, it's one of the most important images in English history," says Woodman.

The manuscript was originally designed as a gift for the Community of Saint Cuthbert. "AEthelstan had just expanded into Northumbria and this manuscript cleverly includes a life of Saint Cuthbert," Woodman says. "He was trying to win them over to his cause."

Woodman felt even closer to AEthelstan while studying the Durham Liber Vitae. Begun in the ninth century, this manuscript chronologically lists the people who had a special connection to the Community of Saint Cuthbert, in alternating gold and silver lettering.

"If AEthelstan is going to appear, he should be many pages in, but in the tenth century someone visited Saint Cuthbert's Community and wrote 'AEthelstan Rex' right at the top. Seeing that was breathtakingly exciting. It's feasible that someone in his entourage was responsible. We know they visited the Community in 934 and this manuscript may have been on prominent display there, perhaps on its high altar."

Notes

*The group has been convened by Alex Burghart MP, and incudes the historian-broadcasters, Tom Holland and Michael Wood.

Reference

David Woodman, The First King of England: AEthelstan and the Birth of a Kingdom is published by Princeton University Press on 2nd September 2025 (ISBN:9780691249490)
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A tiny mineral may hold the secret to feeding billions sustainably | ScienceDaily
The cultivation of rice -- the staple grain for more than 3.5 billion people around the world -- comes with extremely high environmental, climate and economic costs. But this may be about to change, thanks to new research led by scientists at the University of Massachusetts Amherst and China's Jiangnan University. They have shown that nanoscale applications of the element selenium can decrease the amount of fertilizer necessary for rice cultivation while sustaining yields, boosting nutrition, enhancing the soil's microbial diversity and cutting greenhouse gas emissions. What's more, in a new paper published in the Proceedings of the National Academy of Sciences, they demonstrate for the first time that such nanoscale applications work in real-world conditions.


						
"The Green Revolution massively boosted agriculture output during the middle of the last century," says Baoshan Xing, University Distinguished Professor of Environmental and Soil Chemistry, director of UMass' Stockbridge School of Agriculture, and co-senior author of the new research. "But that revolution is running out of steam. We need to figure out a way to fix it and make it work."

Part of what made the Green Revolution so revolutionary was the invention of synthetic, nitrogen-heavy fertilizers that could keep agricultural yields high. But they're expensive to make, they create an enormous amount of carbon dioxide, and much of the fertilizer washes away.

Most crops only use about 40-60% of the nitrogen applied to them, a measurement known as nitrogen use efficiency, or NUE, and the NUE of rice can be as low as 30% -- which means that 70% of what a farmer puts on their fields washes away into streams, lakes and the oceans, causing eutrophication, dead zones and a host of other environmental problems. It also means that 70% of the cost of the fertilizer is likewise wasted.

Furthermore, when nitrogen is applied to soils, it interacts with the soil's incredibly complex chemistry and microbes, and ultimately leads to vastly increased amounts of methane, ammonia and nitrous oxide -- all of which contribute to global warming. Furthermore, synthesizing fertilizer itself is a greenhouse-gas-heavy enterprise.

"Everybody knows that we need to improve NUE," says Xing -- the question is how?

What Xing and his co-authors, including lead author Chuanxi Wang and another senior author, Zhenyu Wang, professors of environmental processes and pollution control at Jiangnan University discovered, is that nanoscale selenium, an element crucial for plant and human health, when applied to the foliage and stems of the rice, reduced the negative environmental impacts of nitrogen fertilization by 41% and increased the economic benefits by 38.2% per ton of rice, relative to conventional practices.




"We used an aerial drone to lightly spray rice growing in a paddy with the suspension of nanoscale selenium," says Wang. "That direct contact means that the rice plant is far more efficient at absorbing the selenium than it would be if we applied it to the soil."

Selenium stimulates the plant's photosynthesis, which increased by more than 40%. Increased photosynthesis means the plant absorbs more CO2, which it then turns into carbohydrates. Those carbohydrates flow down into the plant's roots, which causes them to grow. Bigger, healthier roots release a host of organic compounds that cultivate beneficial microbes in the soil, and it's these microbes that then work symbiotically with the rice roots to pull more nitrogen and ammonium out of the soil and into the plant, increasing its NUE from 30 to 48.3%, decreasing the amount of nitrous oxide and ammonia release to the atmosphere by 18.8-45.6%.

With more nutrients coming in, the rice itself produces a higher yield, with a more nutritious grain: levels of protein, certain critical amino acids, and selenium also jumped.

On top of all of this, Xing, Wang and their colleagues found that their nano-selenium applications allowed farmers to reduce their nitrogen applications by 30%. Since rice cultivation accounts for 15-20% of the global nitrogen use, this new technique holds real promise for helping to meet the triple threat of growing population, climate change, and the rising economic and environmental costs of agriculture.
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Tylenol in pregnancy linked to higher autism risk, Harvard scientists report | ScienceDaily
When children are exposed to acetaminophen -- also known by the brand name Tylenol or as paracetamol -- during pregnancy, they may be more likely to develop neurodevelopmental disorders (NDDs) including autism and ADHD, according to a new study.


						
The study was published recently in BMC Environmental Health. Andrea Baccarelli, dean of the faculty at Harvard T.H. Chan School of Public Health and professor of environmental health, was senior author. The study was led by the Icahn School of Medicine at Mount Sinai and also included co-authors from other institutions.

The researchers analyzed results from 46 previous studies worldwide that investigated the potential link between prenatal acetaminophen use and subsequent NDDs in children. The researchers used the Navigation Guide Systematic Review methodology -- a gold-standard framework for synthesizing and evaluating environmental health data -- which enabled them to conduct a rigorous, comprehensive analysis that supported evidence of an association between acetaminophen exposure during pregnancy and increased incidence of NDDs.

The researchers noted that while steps should be taken to limit acetaminophen use, the drug is important for treating pain and fever during pregnancy, which can also harm the developing fetus. High fever can raise the risk of neural tube defects and preterm birth. "We recommend judicious acetaminophen use -- lowest effective dose, shortest duration -- under medical guidance, tailored to individual risk-benefit assessments, rather than a broad limitation," they wrote.

In late September, the Food and Drug Administration announced it would issue a letter to clinicians urging them to be cautious about the use of acetaminophen in pregnancy. Baccarelli said he had discussed his study with Health and Human Services Secretary Robert F. Kennedy Jr. in the weeks leading up to that announcement and provided the White House team with an statement noting his research found "evidence of an association" between prenatal exposure to acetaminophen and neurodevelopmental disorders. "That association is strongest when acetaminophen is taken for four weeks or longer," Baccarelli said.

The statement continued: "Further research is needed to confirm the association and determine causality, but based on existing evidence, I believe that caution about acetaminophen use during pregnancy -- especially heavy or prolonged use -- is warranted."

Baccarelli noted in the "competing interests" section of the research paper that he has served as an expert witness for plaintiffs in a case involving potential links between acetaminophen use during pregnancy and neurodevelopmental disorders.

The study was conducted in collaboration with the University of California, Los Angeles; University of Massachusetts Lowell; and Harvard T.H. Chan School of Public Health.

Funding for this study was provided by the National Cancer Institute (U54CA267776), the National Institute of Environmental Health Sciences (R35ES031688), and the National Institute on Aging (U01AG088684).
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10 people who beat 8,000 others to become NASA astronaut candidates | ScienceDaily
NASA's 10 new astronaut candidates were introduced on Monday, September 22, following a competitive selection process of more than 8,000 applicants from across the United States. The class now will complete nearly two years of training before becoming eligible for flight assignments supporting future science and exploration missions to low Earth orbit, the Moon, and Mars.


						
Acting NASA Administrator Sean Duffy welcomed the all-American 2025 astronaut candidate class during a ceremony at the agency's Johnson Space Center in Houston.

"I'm honored to welcome the next generation of American explorers to our agency! More than 8,000 people applied - scientists, pilots, engineers, dreamers from every corner of this nation. The 10 men and women sitting here today embody the truth that in America, regardless of where you start, there is no limit to what a determined dreamer can achieve - even going to space," said Duffy. "Together, we'll unlock the Golden Age of exploration."

The agency's 24th astronaut class reported for duty at NASA Johnson in mid-September and immediately began their training. Their curriculum includes instruction and skills development for complex operations aboard the International Space Station, Artemis missions to the Moon, and beyond. Specifically, training includes robotics, land and water survival, geology, foreign language, space medicine and physiology, and more, while also conducting simulated spacewalks and flying high-performance jets.

After graduation, the 2025 class will join the agency's active astronaut corps. Active astronauts are conducting science research aboard the space station while preparing for the transition to commercial space stations and the next great leaps in human exploration at the Moon and Mars. The candidates' operational expertise, scientific knowledge, and technical backgrounds are essential to advancing NASA's deep space exploration goals and sustaining a long-term human presence beyond low Earth orbit.

The 2025 astronaut candidates are:

Ben Bailey, 38, chief warrant officer 3, U.S. Army, was born and raised in Charlottesville, Virginia. He has a bachelor's degree in mechanical engineering from the University of Virginia and is completing a master's in systems engineering at the Naval Postgraduate School in Monterey, California. Bailey is a U.S. Naval Test Pilot School graduate with more than 2,000 flight hours in more than 30 different rotary and fixed-wing aircraft. At the time of his selection, Bailey was responsible for the developmental testing of emerging technologies aboard Army rotary wing aircraft, specializing in the UH-60 Black Hawk and CH-47F Chinook.




Lauren Edgar, 40, considers Sammamish, Washington, her hometown. She earned a bachelor's degree in Earth sciences from Dartmouth College, and her master's and doctorate in geology from the California Institute of Technology. Edgar has served as the deputy principal investigator for the Artemis III Geology Team. In this role, she helped define lunar science goals, geology activities NASA astronauts will conduct, and science operations for NASA's return to the Moon. She also spent more than 17 years supporting Mars exploration rovers. She was working at the U.S. Geological Survey at the time of her selection.

Adam Fuhrmann, 35, major, U.S. Air Force, is from Leesburg, Virginia, and has accumulated more than 2,100 flight hours in 27 aircraft, including the F-16 and F-35. He holds a bachelor's degree in aerospace engineering from the Massachusetts Institute of Technology and master's degrees in flight test engineering and systems engineering from the U.S. Air Force Test Pilot School and Purdue University, respectively. He has deployed in support of Operations Freedom's Sentinel and Resolute Support, logging 400 combat hours. At the time of his selection, Fuhrmann served as the director of operations for an Air Force flight test unit.

Cameron Jones, 35, major, U.S. Air Force, is a native of Savanna, Illinois. He holds bachelor's and master's degrees in aerospace engineering from the University of Illinois at Urbana-Champaign. He is also a graduate of the U.S. Air Force Test Pilot School at Edwards Air Force Base in California and the U.S. Air Force Weapons School at Nellis Air Force Base in Nevada. He's an experienced test pilot with more than 1,600 flight hours in more than 30 different aircraft, including 150 combat hours. The majority of his flight time is in the F-22 Raptor. At the time of his selection, Jones was an Air Force Academic Fellow at the Defense Advanced Research Projects Agency.

Yuri Kubo, 40, is a native of Columbus, Indiana. He earned a bachelor's degree in electrical engineering and a master's in electrical and computer engineering from Purdue University. He spent 12 years working across various teams at SpaceX, including as launch director for Falcon 9 rocket launches, director of avionics for the Starshield program, and director of Ground Segment. Earlier in his career, Kubo was a co-op student at NASA Johnson, where he completed multiple tours supporting the Orion spacecraft, the International Space Station, and the Space Shuttle Program. At the time of his selection, Kubo was the senior vice president of Engineering at Electric Hydrogen.

Rebecca Lawler, 38, is a native of Little Elm, Texas, and a former lieutenant commander in the U.S. Navy. She is a former Navy P-3 pilot and experimental test pilot with more than 2,800 flight hours in more than 45 aircraft. Lawler holds a bachelor's degree in mechanical engineering from the U.S. Naval Academy and master's degrees from Johns Hopkins University and the National Test Pilot School. She also is a U.S. Naval Test Pilot School graduate. Lawler also flew as a National Oceanic and Atmospheric Administration hurricane hunter and during NASA's Operation IceBridge. She was a test pilot for United Airlines at the time of selection.

Anna Menon, 39, is from Houston and earned her bachelor's degree from Texas Christian University with a double major in mathematics and Spanish. She also holds a master's in biomedical engineering from Duke University. Menon previously worked in the Mission Control Center at NASA Johnson, supporting medical hardware and software aboard the International Space Station. In 2024, Menon flew to space as a mission specialist and medical officer aboard SpaceX's Polaris Dawn. The mission saw a new female altitude record, the first commercial spacewalk, and the completion of approximately 40 research experiments. At the time of her selection, Menon was a senior engineer at SpaceX.




Imelda Muller, 34, considers Copake Falls, New York, her hometown. She formerly was a lieutenant in the U.S. Navy and served as an undersea medical officer after training at the Naval Undersea Medical Institute. Muller earned a bachelor's degree in behavioral neuroscience from Northeastern University and a medical degree from the University of Vermont College of Medicine. Her experience includes providing medical support during Navy operational diving training at NASA's Neutral Buoyancy Laboratory. At the time of her selection, Muller was completing a residency in anesthesia at Johns Hopkins School of Medicine in Baltimore.

Erin Overcash, 34, lieutenant commander, U.S. Navy, is from Goshen, Kentucky. She holds a bachelor's degree in aerospace engineering and a master's in bioastronautics from the University of Colorado, Boulder. A U.S. Naval Test Pilot School graduate, Overcash is an experienced F/A-18E and F/A-18F Super Hornet pilot with multiple deployments. She has logged more than 1,300 flight hours in 20 aircraft, including 249 carrier arrested landings. Overcash was part of the Navy's World Class Athlete Program and trained full-time at the Olympic Training Center with the USA Rugby Women's National Team. She was training for a squadron department head tour at the time of selection.

Katherine Spies, 43, is a native of San Diego and holds a bachelor's degree in chemical engineering from the University of Southern California and a master's in design engineering from Harvard University. She is a former Marine Corps AH-1 attack helicopter pilot and experimental test pilot, with more than 2,000 flight hours in more than 30 different aircraft. A graduate of the U.S. Naval Test Pilot School, she served as UH-1Y/AH-1Z project officer and AH-1W platform coordinator during her time on active duty. At the time of her selection, Spies was the director of flight test engineering at Gulfstream Aerospace Corporation.

With the addition of these 10 individuals, NASA now has recruited 370 astronaut candidates since selecting the original Mercury Seven in 1959.

"Today, our mission propels us even further as we prepare for our next giant leap with NASA's newest astronaut candidate class," said Vanessa Wyche, director of NASA Johnson. "Representing America's best and brightest, this astronaut candidate class will usher in the Golden Age of innovation and exploration as we push toward the Moon and Mars."
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AI breakthrough finds life-saving insights in everyday bloodwork | ScienceDaily
Routine blood samples, such as those taken daily at any hospital and tracked over time, could help predict the severity of an injury and even provide insights into mortality after spinal cord damage, according to a recent University of Waterloo study.


						
The research team utilized advanced analytics and machine learning, a type of artificial intelligence, to assess whether routine blood tests could serve as early warning signs for spinal cord injury patient outcomes.

More than 20 million people worldwide were affected by spinal cord injury in 2019, with 930,000 new cases each year, according to the World Health Organization. Traumatic spinal cord injury often requires intensive care and is characterized by variable clinical presentations and recovery trajectories, complicating diagnosis and prognosis, especially in emergency departments and intensive care units.

"Routine blood tests could offer doctors important and affordable information to help predict risk of death, the presence of an injury and how severe it might be," said Dr. Abel Torres Espin, a professor in Waterloo's School of Public Health Sciences.

The researchers sampled hospital data from more than 2,600 patients in the U.S. They used machine learning to analyze millions of data points and discover hidden patterns in common blood measurements, such as electrolytes and immune cells, taken during the first three weeks after a spinal cord injury.

They found that these patterns could help forecast recovery and injury severity, even without early neurological exams, which are not always reliable as they depend on a patient's responsiveness.

"While a single biomarker measured at a single time point can have predictive power, the broader story lies in multiple biomarkers and the changes they show over time," said Dr. Marzieh Mussavi Rizi, a postdoctoral scholar in Torres Espin's lab at Waterloo.




The models, which do not rely on early neurological assessment, were accurate in predicting mortality and the severity of injury as early as one to three days after admission to the hospital, compared to standard non-specific severity measures that are often performed during the first day of arrival to intensive care.

The research also found that accuracy increased over time as more blood tests became available. Although other measures, such as MRI and fluid omics-based biomarkers, can also provide objective data, they are not always readily accessible across medical settings. Routine blood tests, on the other hand, are economical, easy to obtain, and available in every hospital.

"Prediction of injury severity in the first days is clinically relevant for decision-making, yet it is a challenging task through neurological assessment alone," Torres Espin said. "We show the potential to predict whether an injury is motor complete or incomplete with routine blood data early after injury, and an increase in prediction performance as time progresses.

"This foundational work can open new possibilities in clinical practice, allowing for better-informed decisions about treatment priorities and resource allocation in critical care settings for many physical injuries."

The study, Modeling trajectories of routine blood tests as dynamic biomarkers for outcome in spinal cord injury, was published in Nature's NPJ Digital Medicine Magazine.
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Can meditation apps really reduce stress, anxiety, and insomnia? | ScienceDaily
Do you have a meditation app on your smartphone, computer or wearable device? Well, you're not alone.


						
There are now thousands of meditation apps available worldwide, the top 10 of which have been collectively downloaded more than 300 million times. What's more, early work on these digital meditation platforms shows that even relatively brief usage can lead to benefits, from reduced depression, anxiety, and stress to improved insomnia symptoms.

"Meditation apps, such as Calm and Headspace, have been enormously popular in the commercial market," said J. David Creswell, a health psychologist at Carnegie Mellon University and lead author of a review paper on meditation apps, published today in the journal American Psychologist. "What they're doing now is not only engaging millions of users every day, but they're also creating new scientific opportunities and challenges."

One huge boon provided by meditation apps for users is access.

"You can imagine a farmer in rural Nebraska not having many available opportunities to go to traditional group-based meditation programs, and now they have an app in their pocket which is available 24/7," said Creswell, who is the William S. Dietrich II Professor in Psychology and Neuroscience.

Meditation apps also provide scientists with opportunities to scale up their research.

"Historically, I might bring 300 irritable bowel syndrome patients into my lab and study the impacts of meditation on pain management," said Creswell. "But now I'm thinking, how do we harness the capacity of meditation apps and wearable health sensors to study 30,000 irritable bowel syndrome patients across the world?"

Combined with products that measure heart rate and sleep patterns, such as Fitbit and the Apple Watch, meditation apps now also have the capacity to incorporate biometrics into meditation practices like never before.




The biggest takeaway, though, is that meditation apps are fundamentally changing the way these practices are distributed to the general public. Scientific studies of use patterns show that meditation apps account for 96 percent of overall users in the mental health app marketplace.

"Meditation apps dominate the mental health app market," said Creswell. "And this paper is really the first to lay out the new normal and challenge researchers and tech developers to think in new ways about the disruptive nature of these apps and their reach."

Meditation apps challenge users to train their minds, in small initial training doses

As with in-person meditation training, meditation apps start by meeting users where they are. Introductory courses may focus on breathing or mindfulness, but they tend to do so in small doses, the merits of which are still being debated.

According to the data, just 10 to 21 minutes of meditation app exercises done three times a week is enough to see measurable results.

"Of course, that looks really different from the daily meditation practice you might get within an in-person group-based meditation program, which might be 30 to 45 minutes a day," said Creswell.




The a la carte nature of meditation through a smartphone app may appeal to those pressed for time or without the budget for in-person coaching sessions. Users may also find it comforting to know that they have access to guided meditation on-demand, rather than at scheduled places, days, and times.

"Maybe you're waiting in line at Starbucks, and you've got three minutes to do a brief check-in mindfulness training practice," said Creswell.

Finally, as meditation apps continue to evolve, Creswell believes integration of AI, such as meditation-guiding chat-bots, will only become more common, and this will offer the option of even more personalization. This could mark an important development for meditation adoption at large, as offerings go from one-size-fits all group classes to training sessions tailored to the individual.

"People use meditation for different things, and there's a big difference between someone looking to optimize their free-throw shooting performance and someone trying to alleviate chronic pain," said Creswell, who has trained Olympic athletes in the past.

The elephant in the room

Of course, with new technology comes new challenges, and for meditation apps, continued engagement remains a huge problem.

"The engagement problem is not specific to meditation apps," said Creswell. "But the numbers are really sobering. Ninety-five percent of participants who download a meditation app aren't using it after 30 days."

If the meditation app industry is going to succeed, it will need to find ways to keep its users engaged, as apps like Duolingo have. But overall, Creswell said the market demand is clearly there.

"People are suffering right now. There are just unbelievably high levels of stress and loneliness in the world, and these tools have tremendous potential to help," he said.

"I don't think there is ever going to be a complete replacement for a good, in-person meditation group or teacher," said Creswell. "But I think meditation apps are a great first step for anyone who wants to dip their toes in and start training up their mindfulness skills. The initial studies show that these meditation apps help with symptom relief and even reduce stress biomarkers."
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This vibrant moth fooled scientists for generations | ScienceDaily
A beautiful, colorful moth, previously mistaken for over a century, has been revealed as a new species by entomologist Dr Peter Huemer of the Tyrolean State Museum Ferdinandeum in Innsbruck, Austria.


						
Described in the open-access journal Alpine Entomology, the new species, now officially named Carcina ingridmariae, had long been overlooked due to its close resemblance to the widespread oak carcina (Carcina quercana), a moth familiar across Europe and first described in 1775.

Despite its vibrant pink and yellow hues, Carcina ingridmariae escaped detection until advances in DNA barcoding revealed significant genetic differences of more than 6% from its lookalike relative. Subsequent analysis of the insects' sexual organs confirmed the molecular findings, leading to the revelation that two distinct species have been hiding in plain sight.

The new species has a wingspan of about 2 cm, and is found across the eastern Mediterranean, from Croatia and Greece to Cyprus and Turkey. Its larvae likely feed on various oak species, similar to its counterpart. However, dedicated studies on its biology and distribution remain ongoing.

In recognition of enduring support throughout his career, Dr Huemer dedicated the discovery to his wife, Ingrid Maria, naming the moth after her on their 42nd wedding anniversary.

Huemer, who has described more than 200 species from Europe over 35 years said: "It is without doubt the prettiest species I have encountered in my long scientific career, even though it is still unnamed." It was therefore "obvious" to Huemer that the new species should be given his wife's name.
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This surprising building material is strong, cheap, and sustainable | ScienceDaily
Engineers in Australia have developed a new building material with about one quarter of concrete's carbon footprint, while reducing waste going to landfill.


						
This innovative material, called cardboard-confined rammed earth, is composed entirely of cardboard, water and soil - making it reusable and recyclable.

In Australia alone, more than 2.2 million tons of cardboard and paper are sent to landfill each year. Meanwhile, cement and concrete production account for about 8% of annual global emissions.

Cardboard has previously been used in temporary structures and disaster shelters, such as Shigeru Ban's iconic Cardboard Cathedral in Christchurch, New Zealand.

Inspired by such designs, the RMIT University team has, for the first time, combined the durability of rammed earth with the versatility of cardboard.

Why it matters

Lead author Dr Jiaming Ma from RMIT said the development of cardboard-confined rammed earth marked a significant advancement toward a more sustainable construction industry.




"Modern rammed earth construction compacts soil with added cement for strength. Cement use is excessive given the natural thickness of rammed earth walls," he said.

But cardboard-confined rammed earth, developed at RMIT University, eliminates the need for cement and boasts one quarter of the carbon footprint at under one third of the cost, compared to concrete.

"By simply using cardboard, soil and water, we can make walls robust enough to support low-rise buildings," Ma said.

"This innovation could revolutionize building design and construction, using locally sourced materials that are easier to recycle.

"It also reflects the global revival of earth-based construction fueled by net zero goals and interest in local sustainable materials."

Practical benefits

The cardboard-confined rammed earth can be made on the construction site by compacting the soil and water mixture inside the cardboard formwork, either manually or with machines.




Study corresponding author and leading expert in the field of structural optimization, Emeritus Professor Yi Min 'Mike' Xie, said this advancement can spearhead a leaner, greener approach to construction.

"Instead of hauling in tonnes of bricks, steel and concrete, builders would only need to bring lightweight cardboard, as nearly all material can be obtained on site," Xie said.

"This would significantly cut transport costs, simplify logistics and reduce upfront material demands."

Ma said cardboard-confined rammed earth could be an effective solution for construction in remote areas, such as regional Australia, where red soils - ideal for rammed earth construction - are plentiful.

"Rammed earth buildings are ideal in hot climates because their high thermal mass naturally regulates indoor temperatures and humidity, reducing the need for mechanical cooling and cutting carbon emissions," he said.

The mechanical strength of the novel material varies based on the thickness of the cardboard tubes.

Ma said the team has developed the formula for this strength design.

"We've created a way to figure out how the thickness of the cardboard affects the strength of the rammed earth, allowing us to measure strength based on cardboard thickness," Ma said.

In a separate study lead by Ma, carbon fiber was combined with rammed earth, proving it had a comparable strength to high-performance concrete.

Ma and the team are ready to partner with various industries to further develop this new material so it can be used widely.
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Scientists reveal the everyday habits that may shield you from dementia | ScienceDaily
An estimated 7.2 million Americans over age 65 currently live with Alzheimer's disease (AD). That number is expected to nearly double to 13.8 million by 2060. These increases reflect more than demographic shifts; they point to a growing public health crisis that requires a new, proactive approach. While chronological age is the strongest known risk factor for cognitive decline, losing cognitive function is not an inevitable part of aging.


						
As AD and other forms of cognitive decline continue to rise at an alarming rate, researchers from Florida Atlantic University's Charles E. Schmidt College of Medicine, highlight a powerful and untapped path to prevention.

In a commentary published in The American Journal of Medicine, the researchers urge clinicians, public health professionals and policymakers to implement coordinated efforts to support lifestyle-based interventions that can help reduce the growing burden of cognitive decline in the United States and worldwide.

"While deaths from cardiovascular disease have declined since 2000, deaths from Alzheimer's disease have surged by more than 140%," said Charles H. Hennekens, M.D., FACPM, FACC, co-author, the First Sir Richard Doll Professor of Medicine and Preventive Medicine, and senior academic advisor, Schmidt College of Medicine. "At the same time, it is estimated that up to 45% of dementia risk could be attributed to modifiable lifestyle and environmental factors."

Lifestyle risk factors like physical inactivity, poor diet, obesity, alcohol use, and conditions such as hypertension, diabetes, depression, and social or intellectual isolation are believed to contribute to cognitive decline. The authors point out that the same therapeutic lifestyle changes proven effective for reducing risks of cardiovascular and other major diseases may also help reduce cognitive decline - potentially with additive effects when multiple risk factors are present.

The commentary highlights the recently published results from POINTER, the first large-scale U.S-based randomized trial to test whether intensive lifestyle changes can improve cognitive outcomes in older adults at high risk of decline. In this trial, participants who were assigned at random to a structured, team-based lifestyle intervention showed statistically significant and clinically meaningful improvements in global cognition over two years. These gains were especially notable in executive functions such as memory, attention, planning and decision-making. The intervention emphasized regular physical activity, a combination of Mediterranean and DASH-style diets, cognitive stimulation and social engagement - reinforced through ongoing professional guidance and group support.

These findings are similar to an earlier Finnish trial, the FINGER trial, in which participants with elevated cardiovascular risk scores assigned at random to a multidomain lifestyle approach experienced cognitive benefits.




"The data from both these landmark, large scale randomized trials demonstrate that lifestyle changes - previously shown to reduce heart disease and cancer - also hold transformative potential for brain health," Hennekens said.

The researchers also speculated about biological mechanisms that may underlie these benefits. Physical activity, for example, increases brain-derived neurotrophic factor, which supports hippocampal growth, while also improving blood flow and reducing inflammation. Healthy dietary patterns like the Mediterranean and DASH diets can lower oxidative stress and improve insulin sensitivity as well as risks of cardiovascular disease. Quitting smoking may help preserve brain structure and white matter integrity, and regular social and cognitive engagement promotes neuroplasticity and mental resilience.

"The implications for clinical practice, public health and government policy are potentially enormous," said Parvathi Perumareddi, D.O., co-author and an associate professor of family medicine in the Schmidt College of Medicine. "Clinicians now have powerful, evidence-based tools to help their patients prevent or slow cognitive decline - tools that go beyond medications, are generally low-risk, and are cost-effective. Public health agencies could adopt the framework of trials like POINTER and FINGER to develop brain health programs."

On the policy front, the researchers note that potential cost savings are large, particularly when considering the high price and limited effectiveness of many new pharmacologic agents, which may cause common and less serious side effects like nausea, headache and fatigue, as well as more rare but more serious risks like confusion or gastrointestinal bleeding. Modeling studies suggest that reducing key risk factors by even 10% to 20% each decade could lower the burden of cognitive decline by up to 15%.

Beyond the health care system, the societal costs of dementia are staggering. In 2024, nearly 12 million family members and unpaid caregivers provided an estimated 19.2 billion hours of care to individuals living with dementia - amounting to a societal cost of more than $413 billion. Caregiving also takes an emotional toll, often resulting in mental health challenges and caregiver burnout. The researchers emphasize that these realities underscore the need for practical, community-based solutions that support both patients and caregivers and reduce the long-term burden on families and the economy.

"While more research is needed, the current totality of evidence supports a clear path forward: invest in lifestyle-based strategies to protect brain health," said Hennekens. "Doing so will not only benefit individuals at risk but also serve as a powerful tool for reducing national and global health care burdens related to cognitive decline."

The first and corresponding author is John Dunn, a medical student at the Schmidt College of Medicine.
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Shocking study exposes widespread math research fraud | ScienceDaily
An international team of authors led by Ilka Agricola, professor of mathematics at the University of Marburg, Germany, has investigated fraudulent practices in the publication of research results in mathematics on behalf of the German Mathematical Society (DMV) and the International Mathematical Union (IMU), documenting systematic fraud over many years. The results of the study were recently published on the preprint server arxiv.org and in the Notices of the American Mathematical Society (AMS) and have since caused a stir among mathematicians.


						
To solve the problem, the study also provides recommendations for the publication of research results in mathematics.

Nowadays, research quality is often no longer measured directly by the content of publications, but increasingly by commercial indicators such as the number of publications/citations by authors or the "reputation" (impact factor) of journals. These indicators are calculated in a non-transparent manner and without the involvement of the scientific community by commercial providers, who use them to boost sales of their databases worldwide. Fraudulent companies offer their services specifically to optimize these metrics. This is worthwhile for both individuals and institutions, because a higher ranking, e.g., in a university ranking, means better access to funding and (in an international context) the possibility of charging higher tuition fees and attracting more applicants. The collateral damage is a high percentage of publications whose sole purpose is to boost the indicators, but which no one reads because they contain no new scientific findings or are even flawed.

The study cites some striking examples. For example, based on its database, the market leader for metrics, Clarivate Inc., calculated in 2019 that the university with the most world-class researchers in mathematics is a university in Taiwan -- where mathematics is not even offered as a subject. Megajournals, which print anything as long as the authors pay for it, now publish more articles per year than all reputable mathematics journals (which do not require payment) combined. Fraudsters anonymously offer everything that influences key figures for sale, from articles to citations, in exchange for payment.

"'Fake science' is not only annoying, it is a danger to science and society," emphasizes IMU Secretary General Prof. Christoph Sorger. "Because you don't know what is valid and what is not. Targeted disinformation undermines trust in science and also makes it difficult for us mathematicians to decide which results can be used as a basis for further research." DMV President Prof. Jurg Kramer added: "The recommendations developed by the commission are a call to all of us to work toward a system change."
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Scientists win Ig Nobel Prize for cracking the code to perfect cacio e pepe | ScienceDaily
The Ig Nobel Prize honors research that first makes people laugh, then makes them think. Its 35th award ceremony possibly also makes people hungry: ISTA physicist Fabrizio Olmeda and colleagues researched the secret of a perfect cacio e pepe pasta sauce. They received the popular award for their findings on Thursday evening in Boston.


						
Cacio e pepe is one of Italy's most popular pasta dishes, but even (Italian) scientists often fail to prepare the perfect creamy sauce. Fabrizio Olmeda, a physicist at the Institute of Science and Technology Austria (ISTA), also struggled with this -- until he had had enough of random trial and error and approached the problem scientifically. Together with colleagues (all Italian) from the Max Planck Institute in Dresden, the University of Padua, and the University of Barcelona, he set out to uncover the secret of the perfect sauce so that it would turn out right every time.

On Thursday evening in Boston, USA, the team received the Ig Physics Nobel Prize for their groundbreaking and delicious insight. The prize honors surprising research achievements that first make people laugh, then make them think. It celebrates the unusual and imaginative in order to spark fascination with science, medicine, and technology.

"Investigating phenomena that fascinate me"

ISTA postdoc Fabrizio Olmeda chose statistical physics in the field of complex systems as his research area because it allowed him to apply theoretical physics to a wide range of disciplines, from biology to sociology. "My motivation will always be to investigate phenomena that fascinate me, even if they lie outside my field of expertise, which is the physics of single-cell genomics," says the newly awarded Ig Nobel Prize winner. "Despite increasing specialization, I believe that even in my usual field of research, it can be beneficial to take some time to explore something unusual. I think this award reflects this idea, because its motto, 'First laugh, then think,' can inspire people to take an interest in science."

Martin Hetzer, president of ISTA, emphasizes this: "A mentor once told me: As long as you're having fun, you're doing it right. The Ig Nobel Prize is a wonderful tribute to this credo. At first, the question of how to prepare the perfect Caio e Pepe pasta may sound funny. But real curiosity-driven research brings together creativity, perseverance, precision, and fun. And it always leads to discoveries that have the potential to improve our world a little bit -- on a large scale with innovations or on a small scale on our plates."

What's simmering in the lab? The recipe for delicious research

And that is the essence of the peer-reviewed study published in the scientific journal Physics of Fluids and now honored with the award: Simply mixing the usual ingredients -- Pecorino cheese, pasta water, pepper, and pasta -- often results in a lumpy, mozzarella-like sauce. Why? The starch in the pasta water is supposed to help emulsify and stabilize the sauce, but it is rarely enough on its own. When the temperature rises above 65 degrees Celsius, the cheese proteins denature and clump together, causing the mixture to break down.




The researchers found that the key to the perfect sauce is the right amount of starch. Simply stir starch powder (2-3% of the cheese mass) into the water until the water becomes clear and thickens. Now mix this gel with the cheese at a low temperature so that the starch binds with the proteins and prevents lumps. Then season with pepper as usual. Mix the pasta with the sauce in the pan and add a little pasta water if necessary to achieve the right consistency.

Ingredients:
    	4 g starch (potato or corn starch)
    	40 ml water (to mix the starch)
    	160 g Pecorino Romano
    	240 g pasta (ideally tonnarelli)
    	Pasta cooking water
    	Black pepper and salt (to taste)

Also at the VISTA Science Experience Center

The research question about the perfect pasta is just one of countless questions and topics that have been and continue to be pursued at ISTA in Klosterneuburg by outstanding scientists from around 80 countries. Visitors will soon be able to learn about a selection of these topics -- including the now award-winning pasta research -- at the VISTA Science Experience Center. The center will open in the heart of the ISTA campus with a festival from October 3 to 5, 2025. Admission is free.
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        Hidden bacterial molecules in the brain reveal new secrets of sleep
        New studies show that a bacterial molecule, peptidoglycan, is present in the brain and fluctuates with sleep patterns. This challenges the idea that sleep is solely brain-driven, instead suggesting it's a collaborative process between our bodies and microbiomes. The theory links microbes not only to sleep but also to cognition, appetite, and behavior, pointing to a profound evolutionary relationship.

      

      
        This flower smells like dying ants, and flies can't resist it
        Vincetoxicum nakaianum tricks flies into pollinating it by imitating the smell of ants attacked by spiders. Ko Mochizuki stumbled upon this finding when he noticed flies clustering around the flowers and later confirmed their unusual preference. The study reveals the first known case of ant odor mimicry in plants, expanding our understanding of how diverse floral deception can be.

      

      
        Brain fat, not just plaques, may be the hidden driver of Alzheimer's
        For decades, scientists believed Alzheimer's was driven mainly by sticky protein plaques and tangles in the brain. Now Purdue researchers have revealed a hidden culprit: fat. They found that brain immune cells can become clogged with fat, leaving them too weak to fight off disease. By clearing out this fat and restoring the cells' defenses, researchers may have uncovered an entirely new way to combat Alzheimer's -- shifting the focus from plaques alone to how the brain handles fat.

      

      
        AI-powered smart bandage heals wounds 25% faster
        A new wearable device, a-Heal, combines AI, imaging, and bioelectronics to speed up wound recovery. It continuously monitors wounds, diagnoses healing stages, and applies personalized treatments like medicine or electric fields. Preclinical tests showed healing about 25% faster than standard care, highlighting potential for chronic wound therapy.

      

      
        Mushrooms evolved psychedelics twice, baffling scientists
        Researchers found that magic mushrooms and fiber caps independently evolved different biochemical pathways to create psilocybin. This convergence shows nature's ingenuity, but the reason why remains unknown--possibly predator deterrence. Beyond evolutionary mystery, the discovery provides new enzyme tools for biotech, with promising applications for producing psilocybin-based medicines.

      

      
        Tylenol in pregnancy linked to higher autism risk, Harvard scientists report
        Researchers reviewing 46 studies found evidence linking prenatal acetaminophen (Tylenol) exposure with higher risks of autism and ADHD. The FDA has since urged caution, echoing scientists' advice that the drug be used only at the lowest effective dose and shortest duration. While important for managing fever and pain in pregnancy, prolonged use may pose risks to fetal development. Experts stress careful medical oversight and further investigation.

      

      
        Dogs can tell how toys work without any training
        Gifted dogs can categorize toys by function, not just appearance. In playful at-home tests, they linked labels like "fetch" and "pull" to toys--even ones they'd never seen before. The findings hint that dogs form mental concepts of objects, much like humans, pointing to deeper cognitive abilities.

      

      
        Fish love songs recorded for 12 years reveal a surprising shift
        By recording grouper grunts for 12 years, scientists discovered major shifts in how red hind spawn and compete. Courtship calls once dominated, but territorial sounds have surged, suggesting changes in population structure. Machine learning helped decode the patterns quickly, offering a groundbreaking way to monitor and conserve reef fish.

      

      
        AI breakthrough finds life-saving insights in everyday bloodwork
        AI-powered analysis of routine blood tests can reveal hidden patterns that predict recovery and survival after spinal cord injuries. This breakthrough could make life-saving predictions affordable and accessible in hospitals worldwide.

      

      
        How dehydration secretly fuels anxiety and health problems
        Not drinking enough water could intensify stress responses. Researchers found that under-hydrated individuals had cortisol levels more than 50% higher during stressful situations. Poor hydration didn't make participants feel thirstier, but it did trigger biological signs of strain. Keeping a water bottle handy could help manage stress and safeguard health.

      

      
        This surprising building material is strong, cheap, and sustainable
        A team at RMIT University has created a cement-free construction material using only cardboard, soil, and water. Strong enough for low-rise buildings, it reduces emissions, costs, and waste compared to concrete. The lightweight, on-site process makes it ideal for remote areas, while its thermal properties naturally cool buildings. Researchers see it as a key step toward greener, more resilient architecture.

      

      
        Sneezing from cats or dust? Safe UV light may neutralize allergens in minutes
        Sneezing from cats, dust mites, or mold may one day be preventable with a flip of a switch. Researchers at CU Boulder found that UV222 light can alter allergen proteins, reducing allergic reactions without dangerous side effects. Within 30 minutes, airborne allergens decreased by up to 25%. The team imagines portable devices that could shield people in homes, schools, and workplaces from harmful triggers.

      

      
        The shocking reason Arctic rivers are turning rusty orange
        Researchers found that ice can trigger stronger chemical reactions than liquid water, dissolving iron minerals in extreme cold. Freeze-thaw cycles amplify the effect, releasing iron into rivers and soils. With climate change accelerating these cycles, Arctic waterways may face major transformations.

      

      
        Scientists finally capture water's hidden state that's both solid and liquid
        Water, though familiar, still hides astonishing secrets. When squeezed into nanosized channels, it can enter a bizarre "premelting state" that is both solid and liquid at once. Using advanced NMR techniques, Japanese researchers directly observed this strange new phase, revealing that confined water molecules move like a liquid while maintaining solid-like order.

      

      
        Hidden for 125 years, a Welsh fossil turns out to be a dinosaur
        More than a century after its discovery, a mysterious fossil from South Wales has finally been confirmed as belonging to a new species of predatory dinosaur. Using cutting-edge digital scanning, researchers reconstructed the long-lost jawbone, revealing unique features that warranted a new name: Newtonsaurus.

      

      
        Strange new hybrid bird spotted in Texas backyard
        In Texas, biologists have documented an extraordinary bird -- the natural hybrid offspring of a green jay and a blue jay. Once separated by millions of years of evolution and distinct ranges, the two species were brought together as climate change expanded their territories. A backyard birder's photo led to the discovery, and after years of elusiveness, scientists confirmed the bird's identity through genetic testing.

      

      
        Hidden gene trick lets ants smell with super precision
        Researchers uncovered how ants keep their powerful sense of smell clear: by using a genetic safeguard that silences surrounding receptor genes. This discovery not only solves a decades-old puzzle but also reveals how ants can rapidly evolve new olfactory abilities.

      

      
        Stunning fossil from the Gobi Desert rewrites dinosaur history
        A newly discovered fossil in Mongolia's Gobi Desert has revealed the oldest and most complete pachycephalosaur ever found, offering a rare glimpse into the early evolution of these dome-headed dinosaurs. Named Zavacephale rinpoche, or "precious one," this juvenile specimen dates back 108 million years, pushing the group's fossil record back by 15 million years.

      

      
        Clear skin in a week with this breakthrough acne patch
        Researchers have created a two-stage acne patch with tiny arrowhead-shaped spikes that deliver healing compounds directly under the skin. Trials showed pimples vanished in seven days, and the technology may expand to treat other conditions.

      

      
        Smoking's hidden gut bacteria trick may lead to new colitis treatments
        For decades, scientists have puzzled over why smoking makes Crohn's disease worse but seems to protect people from ulcerative colitis. Now, researchers at RIKEN have discovered that smoking creates metabolites like hydroquinone that allow mouth bacteria--especially Streptococcus mitis--to settle in the gut. These bacteria spark an immune response that reduces inflammation in colitis but worsens Crohn's. The findings open the door to new therapies using probiotics or targeted compounds that mimic sm...

      

      
        Scientists win Ig Nobel Prize for cracking the code to perfect cacio e pepe
        What started as a frustrating kitchen challenge turned into award-winning science: Fabrizio Olmeda and his colleagues scientifically decoded the secret of creamy cacio e pepe and earned the Ig Nobel Prize. Their research showed how starch can stabilize Pecorino into a smooth sauce, turning a culinary mystery into physics-driven perfection.
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Hidden bacterial molecules in the brain reveal new secrets of sleep | ScienceDaily
What causes us to sleep? The answer may lie not only in our brains, but in their complex interplay with the micro-organisms spawned in our intestines.


						
New research from Washington State University suggests a new paradigm in understanding sleep, demonstrating that a substance in the mesh-like walls of bacteria, known as peptidoglycan, is naturally present in the brains of mice and closely aligned with the sleep cycle.

Those findings serve to update a broader hypothesis that has been in development at WSU for years -- proposing that sleep arises from communication between the body's sleep regulatory systems and the multitude of microbes living inside us.

"This added a new dimension to what we already know," said Erika English, a PhD candidate at WSU and lead author on two recently published scientific papers introducing the findings.

This view of sleep as arising from that "holobiont condition" joins a growing body of evidence suggesting that our gut microbiomes play an important role in cognition, appetite, sex drive and other activity -- a view that turns traditional brain-centric models of cognition upside-down and has implications for our understanding of evolution and free will, as well as the development of future treatments for sleep disorders.

The recent findings regarding peptidoglycan, or PG, lend weight to that hypothesis and point to a possible regulatory role for bacterial cell wall products in sleep. PG is known to promote sleep when injected in animals, but until recently, the conventional view held that it did not naturally migrate to the brain.

English found that PG, along with its receptor molecules involved in PG signaling and communication, was present in different locations within the brain, at levels that changed with the time of day and sleep deprivation.




The findings were reported in July in Frontiers in Neuroscience; longtime WSU sleep researcher and Regents Professor James Krueger co-authored the paper. English is also lead author of a recent paper with Krueger in the journal Sleep Medicine Reviews that proposes the "holobiont condition" hypothesis of sleep.

That paper combines two prevailing views. One posits that sleep is regulated by the brain and neurological systems. Another focuses on "local sleep," which frames slumber as the result of an accumulation of sleep-like states among small cellular networks throughout the body. Such sleep-like states have been observed among cells in vitro, known as the "sleep in a dish" model.

As these smaller pockets of sleep accumulate, like lights going off in a house, the body tips from wakefulness toward sleep.

The new hypothesis merges those theories, proposing that sleep results from the interplay between the body and its resident micro-organisms -- two autonomous systems that interact and overlap.

"It's not one or the other, it's both. They have to work together," English said. "Sleep really is a process. It happens at many different speeds for different levels of cellular and tissue organization and it comes about because of extensive coordination."

Links between the microbiome and behavior are emerging on several fronts, indicating that micro-organisms formed in the gut play an important role in cognition and fundamental human behaviors. This work upends the traditional view of human neurology, suggesting that it is not completely top-down -- i.e., the result of decision-making in the brain -- but bottom-up -- i.e., driven by the tiny organisms whose evolution shaped animals to serve as their hosts and whose needs influence the activities and cognition of their hosts.




"We have a whole community of microbes living within us. Those microbes have a much longer evolutionary history than any mammal, bird or insect - much longer, billions of years longer," said Krueger, who was named a "Living Legend in Sleep Research" by the Sleep Research Society in 2023. "We think sleep evolution began eons ago with the activity/inactivity cycle of bacteria, and the molecules that were driving that are related to the ones driving cognition today."

English's work expands upon known links between bacteria and sleep, including the fact that sleep patterns affect the function of the gut microbiome and that bacterial infections cause people to sleep more.

The new findings begin to delve into questions that English looks forward to exploring further.

"Now that the world has come to appreciate how important microbes are, not just for disease but also for health, it's a very exciting time to start to expand on our understanding of how we are communicating with our microbes and how our microbes are communicating with us," she said.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/09/250925025336.htm
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This flower smells like dying ants, and flies can't resist it | ScienceDaily

The smell of warm, freshly baked bread has surely attracted many a customer to enter the shop as they pass by. Grass flies are no different: they are also attracted to the smell of their daily bread, injured ants. As they move from flower to flower in search of already injured prey, they also do flowers a great service: they pollinate them. Because ants are one of the most widespread species, and ant mimicry has independently evolved in many invertebrate species, it stands to reason that plants could have also evolved to mimic ants in one way or another. However, such cases had never been reported.

"I was working on another research project," says Ko Mochizuki, "and originally collected this species only as a 'reference' for comparison. By chance, I noticed chloropid flies gathering around its flowers in the nursery in the Koishikawa Botanical Gardens, and immediately realized that the flowers might be imitating dead insects."

This recognition was thanks to a string of thus far unrelated experiences. His participation in an intensive training course in 2019 helped him recognize the fly species swarming the flower. He also happened to be familiar with some previous studies that described plants pollinated by chloropid flies emitting odors resembling those of insects.

Following his hunch, Mochizuki set out to methodically observe the visitors on these flowers and compare the odors released by the flowers to odors released by various kinds of insects. He found that the smell of ants being attacked by spiders was the closest match. However, his hypothesis of ant mimicry was standing on frail legs: there had not been any official publications of chloropid flies, or any other similar fly species, targeting ants hunted and injured by other animals, such as spiders. So, Mochizuki turned to social media for more unconventional evidence. There, he found many amateur naturalists documenting what he had suspected: ants attacked by spiders, which then attracted kleptoparasitic (organisms that steal food from another) flies. This gave him confidence to test the hypothesis behaviorally and confirm whether chloropid flies were indeed more attracted to the smell of ants attacked by spiders than to other smells.

"That moment, when I saw the flies on the flowers, was truly one of inspiration," Mochizuki remembers, "a hypothesis suddenly taking shape. This experience taught me that unexpected discoveries often emerge from a combination of preparation and chance."

Talking of preparation... Mochizuki is already preparing for the next project.

"I would like to investigate the evolutionary background of ant mimicry by comparing the pollination systems, evolutionary history, and genetic makeup of Vincetoxicum nakaianum and its close relatives. In addition, since this study suggests that many forms of floral mimicry may remain hidden, I plan to explore other species, both within Vincetoxicum and in unrelated plant groups, to uncover further examples of potential mimicry."
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Brain fat, not just plaques, may be the hidden driver of Alzheimer's | ScienceDaily
It was long thought that fat in the brain played no role in neurodegenerative diseases, but Purdue University researchers are challenging that assumption.


						
The research findings, published in Immunity, show that excess fat in the brain's resident immune cells, called microglia, impairs their ability to combat disease. This insight opens a path to lipid biology-based neuroimmune therapies that could treat diseases like Alzheimer's by enhancing microglial function and neuronal health. This work was led by Gaurav Chopra, the James Tarpo Jr. and Margaret Tarpo Professor of Chemistry and (by courtesy) of Computer Science at Purdue.

While most Alzheimer's drug development targets the primary pathologies of the disease -- plaques of a misfolded protein called amyloid beta and tangles of the protein tau -- Chopra is focused on the abnormally fat-rich cells surrounding diseased regions of the brain. In earlier work published in Nature, Chopra and collaborators showed that, in the presence of disease, astrocytes -- another type of cells that support neurons -- release a fatty acid that is toxic to brain cells. Another collaborative work with the University of Pennsylvania, published last year in Nature, also linked mitochondrial dysfunction in neurons with fat deposits in glial cells during aging -- a major risk factor for neurodegeneration.

"In our view, directly targeting plaques or tangles will not solve the problem; we need to restore function of immune cells in the brain," Chopra said. "We're finding that reducing accumulation of fat in the diseased brain is the key, as accumulated fat makes it harder for the immune system to do its job and maintain balance. By targeting these pathways, we can restore the ability of immune cells like microglia to fight disease and keep the brain in balance, which is what they're meant to do."

Chopra's team worked in collaboration with researchers at Cleveland Clinic led by Dimitrios Davalos, assistant professor of molecular medicine. Chopra is also the director of Merck-Purdue Center and a member of the Purdue Institute for Integrative Neuroscience; the Purdue Institute for Drug Discovery; the Purdue Institute of Inflammation, Immunology and Infectious Disease; and the Regenstrief Center for Healthcare Engineering.

Chopra's work is part of Purdue's presidential One Health initiative, which brings together research on human, animal and plant health. His research supports the initiative's focus on advanced chemistry, where Purdue faculty study complex chemical systems and develop new techniques and applications.

More than 100 years ago, Alois Alzheimer identified abnormalities in the brain of a woman with the disease that now bears his name, including plaques, tangles and cells filled with droplets of fatty compounds called lipids. Until recently, these lipid droplets were dismissed as by-products of disease.




But the links that Chopra and his team have found between neurodegenerative disease and fats in microglia and astrocytes -- both types of glial cells that support neurons in the brain -- strongly suggest otherwise. Chopra says this research lays the foundation for a "new lipid model of neurodegeneration." He likes to call these fat accumulations "lipid plaques," as they don't resemble spherical droplets.

"It is not the lipid droplets that are pathogenic, but the accumulation of these droplets is bad. We think the composition of lipid molecules that accumulate within brain cells is one of the major drivers of neuroinflammation, leading to different pathologies, such as aging, Alzheimer's disease and other conditions related to inflammatory insults in the brain. The specific composition of these lipid plaques may define particular brain diseases," Chopra said.

The Immunity paper focuses on microglia, the "bona fide immune cells of the brain," which clear out debris, such as misfolded proteins like amyloid beta and tau, by absorbing and breaking them down through a process called phagocytosis. Chopra's team examined microglia in the presence of amyloid beta and asked a simple question: What happens to microglia when they come into contact with amyloid beta?

Images of brain tissue from people with Alzheimer's disease showed amyloid beta plaques surrounded by microglia. Microglia located within 10 micrometers of these plaques contained twice as many lipid droplets as those farther away. These lipid droplet-laden microglia closest to the plaques cleared 40% less amyloid beta than ordinary microglia from brains without disease.

In their investigation into why microglia were impaired in Alzheimer's brains, the team used specialized techniques and found that microglia in contact with plaques and disease-related inflammation produced an excess of free fatty acids. While microglia normally use free fatty acids as an energy source -- and some production of these fatty acids is even beneficial -- Chopra and his team discovered the microglia closest to amyloid beta plaques convert these free fatty acids to triacylglycerol, a stored form of fat, in such large quantities that they become overloaded and immobilized by their own accumulation. The formation of these lipid droplets depends on age and disease progression, becoming more prominent as Alzheimer's disease advances.

By tracing the complex series of steps microglia use to convert free fatty acids to triacylglycerol, the research team zeroed in on the final step of this pathway. They found abnormally high levels of an enzyme called DGAT2 catalyzes the final step of converting free fatty acids to triacylglycerol. They expected to see equally high levels of the DGAT2 gene -- since the gene must be copied to produce the protein -- but that was not the case. The enzyme accumulates because it is not degrading as quickly as it normally would, rather than being overproduced. This accumulation of DGAT2 causes microglia to divert fatty acids into long-term storage and fat accumulation instead of using them for energy or repair.




"We showed that amyloid beta is directly responsible for the fat that forms inside microglia," Chopra said. "Because of these fatty deposits, microglial cells become dysfunctional -- they stop clearing amyloid beta and stop doing their job."

Chopra said the researchers don't yet know what causes the DGAT2 enzyme to persist. However, in their search for a remedy, the team tested two molecules: one that inhibits DGAT2's function and another that promotes its degradation. The degradation of the DGAT2 enzyme was ultimately beneficial to reduce fat in the brains, improve function of microglia and their ability to eat amyloid-beta plaques, and improve markers of neuronal health in Alzheimer's disease animal models.

"What we've seen is that when we target the fat-making enzyme and either remove or degrade it, we restore the microglia's ability to fight disease and maintain balance in the brain -- which is what they're meant to do," Chopra said.

"This is an exciting finding that reveals how a toxic protein plaque directly influences how lipids are formed and metabolized by microglial cells in Alzheimer's brains," said Priya Prakash, a first co-author of the study. "While most recent work in this area has focused on the genetic basis of the disease, our research paves the way for understanding how lipids and their pathways within the brain's immune cells can be targeted to restore their function and combat the disease."

"It's incredibly exciting to connect fat metabolism to immune dysfunction in Alzheimer's," said Palak Manchanda, the other first co-author. "By pinpointing this lipid burden and the DGAT2 switch that drives it, we reveal a completely new therapeutic angle: Restore microglial metabolism and you may restore the brain's own defense against disease."

At Purdue, Chopra was joined in the research by Prakash, Manchanda, Kanchan Bisht, Kaushik Sharma, Prageeth R. Wijewardhane, Caitlin Randolph, Matthew Clark, Jonathan Fine, Elizabeth Thayer and Chi Zhang. Their research was produced with support from the U.S. Department of Defense and the National Institutes of Health.
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AI-powered smart bandage heals wounds 25% faster | ScienceDaily
As a wound heals, it goes through several stages: clotting to stop bleeding, immune system response, scabbing, and scarring.


						
A wearable device called "a-Heal," designed by engineers at the University of California, Santa Cruz, aims to optimize each stage of the process. The system uses a tiny camera and AI to detect the stage of healing and deliver a treatment in the form of medication or an electric field. The system responds to the unique healing process of the patient, offering personalized treatment.

The portable, wireless device could make wound therapy more accessible to patients in remote areas or with limited mobility. Initial preclinical results, published in the journal npj Biomedical Innovations, show the device successfully speeds up the healing process.

Designing a-Heal 

A team of UC Santa Cruz and UC Davis researchers, sponsored by the DARPA-BETR program and led by UC Santa Cruz Baskin Engineering Endowed Chair and Professor of Electrical and Computer Engineering (ECE) Marco Rolandi, designed a device that combines a camera, bioelectronics, and AI for faster wound healing. The integration in one device makes it a "closed-loop system" -- one of the firsts of its kind for wound healing as far as the researchers are aware.

"Our system takes all the cues from the body, and with external interventions, it optimizes the healing progress," Rolandi said.

The device uses an onboard camera, developed by fellow Associate Professor of ECE Mircea Teodorescu and described in a Communications Biology study, to take photos of the wound every two hours. The photos are fed into a machine learning (ML) model, developed by Associate Professor of Applied Mathematics Marcella Gomez, which the researchers call the "AI physician" running on a nearby computer.




"It's essentially a microscope in a bandage," Teodorescu said. "Individual images say little, but over time, continuous imaging lets AI spot trends, wound healing stages, flag issues, and suggest treatments."

The AI physician uses the image to diagnose the wound stage and compares that to where the wound should be along a timeline of optimal wound healing. If the image reveals a lag, the ML model applies a treatment: either medicine, delivered via bioelectronics; or an electric field, which can enhance cell migration toward wound closure.

The treatment topically delivered through the device is fluoxetine, a selective serotonin reuptake inhibitor which controls serotonin levels in the wound and improves healing by decreasing inflammation and increasing wound tissue closure. The dose, determined by preclinical studies by the Isseroff group at UC Davis group to optimize healing, is administered by bioelectronic actuators on the device, developed by Rolandi. An electric field, optimized to improve healing and developed by prior work of the UC Davis' Min Zhao and Roslyn Rivkah Isseroff, is also delivered through the device.

The AI physician determines the optimal dosage of medication to deliver and the magnitude of the applied electric field. After the therapy has been applied for a certain period of time, the camera takes another image, and the process starts again.

While in use, the device transmits images and data such as healing rate to a secure web interface, so a human physician can intervene manually and fine-tune treatment as needed. The device attaches directly to a commercially available bandage for convenient and secure use.

To assess the potential for clinical use, the UC Davis team tested the device in preclinical wound models. In these studies, wounds treated with a-Heal followed a healing trajectory about 25% faster than standard of care. These findings highlight the promise of the technology not only for accelerating closure of acute wounds, but also for jump-starting stalled healing in chronic wounds.




AI reinforcement

The AI model used for this system, which was led by Assistant Professor of Applied Mathematics Marcella Gomez, uses a reinforcement learning approach, described in a study in the journal Bioengineering, to mimic the diagnostic approach used by physicians.

Reinforcement learning is a technique in which a model is designed to fulfill a specific end goal, learning through trial and error how to best achieve that goal. In this context, the model is given a goal of minimizing time to wound closure, and is rewarded for making progress toward that goal. It continually learns from the patient and adapts its treatment approach.

The reinforcement learning model is guided by an algorithm that Gomez and her students created called Deep Mapper, described in a preprint study, which processes wound images to quantify the stage of healing in comparison to normal progression, mapping it along the trajectory of healing. As time passes with the device on a wound, it learns a linear dynamic model of the past healing and uses that to forecast how the healing will continue to progress.

"It's not enough to just have the image, you need to process that and put it into context. Then, you can apply the feedback control," Gomez said.

This technique makes it possible for the algorithm to learn in real-time the impact of the drug or electric field on healing, and guides the reinforcement learning model's iterative decision making on how to adjust the drug concentration or electric-field strength.

Now, the research team is exploring the potential for this device to improve healing of chronic and infected wounds.

Additional publications related to this work can be found linked here.

This research was supported by the Defense Advanced Research Projects Agency and the Advanced Research Projects Agency for Health.
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Mushrooms evolved psychedelics twice, baffling scientists | ScienceDaily
"This concerns the biosynthesis of a molecule that has a very long history with humans," explains Prof. Dirk Hoffmeister, head of the research group Pharmaceutical Microbiology at Friedrich Schiller University Jena and the Leibniz Institute for Natural Product Research and Infection Biology (Leibniz-HKI). "We are referring to psilocybin, a substance found in so-called 'magic mushrooms', which our body converts into psilocin - a compound that can profoundly alter consciousness. However, psilocybin not only triggers psychedelic experiences, but is also considered a promising active compound in the treatment of therapy-resistant depression," says Hoffmeister.


						
Two paths, one molecule

The study, which was conducted within the Cluster of Excellence 'Balance of the Microverse', shows for the first time that fungi have developed the ability to produce psilocybin at least twice independently of each other. While Psilocybe species use a known enzyme toolkit for this purpose, fiber cap mushrooms employ a completely different biochemical arsenal - and yet arrive at the same molecule. This finding is considered an example of convergent evolution: different species have independently developed a similar trait, but the 'magic mushrooms' have gone their own way in doing so.

Searching for clues in fungal genomes

Tim Schafer, lead author of the study and doctoral researcher in Hoffmeister's team, explains: "It was like looking at two different workshops, but both ultimately delivering the same product. In the fiber caps, we found a unique set of enzymes that have nothing to do with those found in Psilocybe mushrooms. Nevertheless, they all catalyze the steps necessary to form psilocybin."

The researchers analyzed the enzymes in the laboratory. Protein models created by Innsbruck chemist Bernhard Rupp confirmed that the sequence of reactions differs significantly from that known in Psilocybe. "Here, nature has actually invented the same active compound twice," says Schafer.

However, why two such different groups of fungi produce the same active compound remains unclear. "The real answer is: we don't know," emphasizes Hoffmeister. "Nature does nothing without reason. So there must be an advantage to both fiber cap mushrooms in the forest and Psilocybe species on manure or wood mulch producing this molecule - we just don't know what it is yet."

"One possible reason could be that psilocybin is intended to deter predators. Even the smallest injuries cause Psilocybe mushrooms to turn blue through a chemical chain reaction, revealing the breakdown products of psilocybin. Perhaps the molecule is a type of chemical defense mechanism," says Hoffmeister.




More tools for biotechnology

Although it is still unclear why different fungi ultimately produce the same molecule, the discovery nevertheless has practical implications: "Now that we know about additional enzymes, we have more tools in our toolbox for the biotechnological production of psilocybin," explains Hoffmeister.

Schafer is also looking ahead: "We hope that our results will contribute to the future production of psilocybin for pharmaceuticals in bioreactors without the need for complex chemical syntheses." At the Leibniz-HKI in Jena, Hoffmeister's team is working closely with the Bio Pilot Plant, which is developing processes for producing natural products such as psilocybin on an industry-like scale.

At the same time, the study provides exciting insights into the diversity of chemical strategies used by fungi and their interactions with their environment. It thus addresses central questions of the Collaborative Research Center ChemBioSys and the Cluster of Excellence [?]'Balance of the Microverse' at Friedrich Schiller University Jena, within the framework of which the work was carried out and funded by the German Research Foundation (DFG), among others. While the CRC ChemBioSys investigates how natural compounds shape biological communities, the Cluster of Excellence focuses on the complex dynamics of microorganisms and their environment.
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Tylenol in pregnancy linked to higher autism risk, Harvard scientists report | ScienceDaily
When children are exposed to acetaminophen -- also known by the brand name Tylenol or as paracetamol -- during pregnancy, they may be more likely to develop neurodevelopmental disorders (NDDs) including autism and ADHD, according to a new study.


						
The study was published recently in BMC Environmental Health. Andrea Baccarelli, dean of the faculty at Harvard T.H. Chan School of Public Health and professor of environmental health, was senior author. The study was led by the Icahn School of Medicine at Mount Sinai and also included co-authors from other institutions.

The researchers analyzed results from 46 previous studies worldwide that investigated the potential link between prenatal acetaminophen use and subsequent NDDs in children. The researchers used the Navigation Guide Systematic Review methodology -- a gold-standard framework for synthesizing and evaluating environmental health data -- which enabled them to conduct a rigorous, comprehensive analysis that supported evidence of an association between acetaminophen exposure during pregnancy and increased incidence of NDDs.

The researchers noted that while steps should be taken to limit acetaminophen use, the drug is important for treating pain and fever during pregnancy, which can also harm the developing fetus. High fever can raise the risk of neural tube defects and preterm birth. "We recommend judicious acetaminophen use -- lowest effective dose, shortest duration -- under medical guidance, tailored to individual risk-benefit assessments, rather than a broad limitation," they wrote.

In late September, the Food and Drug Administration announced it would issue a letter to clinicians urging them to be cautious about the use of acetaminophen in pregnancy. Baccarelli said he had discussed his study with Health and Human Services Secretary Robert F. Kennedy Jr. in the weeks leading up to that announcement and provided the White House team with an statement noting his research found "evidence of an association" between prenatal exposure to acetaminophen and neurodevelopmental disorders. "That association is strongest when acetaminophen is taken for four weeks or longer," Baccarelli said.

The statement continued: "Further research is needed to confirm the association and determine causality, but based on existing evidence, I believe that caution about acetaminophen use during pregnancy -- especially heavy or prolonged use -- is warranted."

Baccarelli noted in the "competing interests" section of the research paper that he has served as an expert witness for plaintiffs in a case involving potential links between acetaminophen use during pregnancy and neurodevelopmental disorders.

The study was conducted in collaboration with the University of California, Los Angeles; University of Massachusetts Lowell; and Harvard T.H. Chan School of Public Health.

Funding for this study was provided by the National Cancer Institute (U54CA267776), the National Institute of Environmental Health Sciences (R35ES031688), and the National Institute on Aging (U01AG088684).
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Dogs can tell how toys work without any training | ScienceDaily
As infants, humans naturally learn new words and their associations -- like the fact that forks are related to bowls because both are used to consume food. In a study published in the Cell Press journal Current Biology on September 18, a team of animal behavior experts demonstrate that dogs can categorize objects by function, too. In a series of playful interactions with their owners, a group of Gifted Word Learner (GWL) dogs were able to distinguish between toys used for tugging versus fetching, even when the toys in question didn't share any obvious physical similarities -- and then could remember those categorizations for long periods of time, all with no prior training.


						
"We discovered that these Gifted Word Learner dogs can extend labels to items that have the same function or that are used in the same way," says author Claudia Fugazza of Eotvos Lorand University, Budapest, Hungary. It's like a person calling both a traditional hammer and a rock by the same name, says Fugazza.

"The rock and the hammer look physically different, but they can be used for the same function," she says. "So now it turns out that these dogs can do the same."

The studies took place in the dogs' natural home environments with their human owners. At the beginning, the dogs spent time getting familiar with verbal labels for two functional groups of objects: pull and fetch. Their owners used these words with specific toys and played with them accordingly even though the toys didn't share any similar physical features.

Next, the dogs were tested to see if they had learned to connect the functional labels to the correct group of toys before playing with more novel toys in the two distinct categories. However, this time, their owners didn't use the "pull" and "fetch" labels for the dogs.

The team found that the dogs were able to extend the functional labels they'd learned previously to the new toys based on their experience playing with them. In the final test, the dogs showed that they could successfully apply the verbal labels to the toys by either pulling or fetching accordingly, even when their owners hadn't named them.

"For these new toys, they've never heard the name, but they have played either pull or fetch, and so the dog has to choose which toy was used to play which game," Fugazza says. "This was done in a natural setup, with no extensive training. It's just owners playing for a week with the toys. So, it's a natural type of interaction."

The authors note that the dogs' ability to connect verbal labels to objects based on their functional classifications and apart from the toys' physical attributes suggests that they form a mental representation of the objects based on their experience with their functions, which they can later recall. These findings provide insight into the evolution of basic skills related to language and their relationship to other cognitive abilities, including memory, the researchers say.




More research is needed to understand the scope and flexibility of dogs' language categorization abilities. The researchers suggest future studies to explore whether dogs that don't learn object labels may nevertheless have an ability to classify objects based on their functions.

"We have shown that dogs learn object labels really fast, and they remember them for a long period, even without rehearsing," Fugazza says. "And I think the way they extend labels also beyond perceptual similarities gives an idea of the breadth of what these labels could be for dogs."

This work was supported by National Brain Research Program NAP 3.0 of the Hungarian Academy of Sciences, MTA-ELTE Comparative Ethology Research Group, and TRIXIE.
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Fish love songs recorded for 12 years reveal a surprising shift | ScienceDaily
More than a decade of acoustic recordings of grouper grunts are providing new insight into how sound can be used to monitor and manage vulnerable fish populations. The research by Florida Atlantic University's Harbor Branch Oceanographic Institute focused on the red hind (Epinephelus guttatus), a commercially important Caribbean grouper species.


						
Red hind are protogynous hermaphrodites, starting life as females and later becoming males. Each winter, they travel more than 30 kilometers to offshore sites to spawn under the full moon in large gatherings. Males use rhythmic, low-frequency sounds to attract mates and to defend territory. This predictable behavior makes them especially vulnerable to overfishing during spawning season.

Rather than traditional survey methods, FAU Harbor Branch and FAU College of Engineering and Computer Science researchers, in collaboration with HJR Reefscaping, the University of the Virgin Islands, and the University of Puerto Rico, turned to passive acoustic monitoring. This technique enables continuous, long-term monitoring of reproductive behavior, even in remote or hard-to-access areas, without disrupting the animals or their habitat.

To examine how red hind reproductive behavior has changed over time, researchers analyzed more than 2,000 hours of underwater recordings from a single spawning site off Puerto Rico's west coast, continuously monitored since 2007.

Unlike most acoustic studies that track general sound levels, this research focused on specific mating calls tied to distinct behaviors. Red hind produce two primary sound types - one for courtship and another for territorial defense. Tracking these sounds over time allowed researchers to detect subtle shifts in spawning behavior and population dynamics.

The result, published in the ICES Journal of Marine Science, is one of the most extensive and uninterrupted acoustic datasets ever assembled for a reef fish species.

The analysis confirmed a consistent seasonal pattern in red hind spawning activity, closely aligned with lunar cycles. However, one of the most striking findings was a notable shift in the balance of call types over the 12-year period. Between 2011 and 2017, calls linked to courtship were more common. But starting in 2018, calls linked to competition and territorial behavior became dominant - nearly tripling over the study period.




"This shift could indicate changes in the population, such as an increase in the number of older or more dominant males, changes in sex ratios, or even a shift in the core spawning area," said Laurent Cherubin, Ph.D., lead author and a research professor at FAU Harbor Branch.

Researchers also observed more frequent and multiple peaks in sound production in recent years, suggesting that spawning may now be spread over more days in each lunar cycle than in the past. These changes could be responses to environmental or population shifts.

Importantly, the study shows that passive acoustic monitoring can be a powerful tool for tracking reproductive behavior over time and detecting early signs of population or behavioral change - information that is critical for managing and conserving red hind and similar reef fish species.

"What's remarkable is that even a single underwater microphone can reveal so much about fish populations," said Cherubin. "With consistent long-term monitoring, we can pick up early warning signs - like shifts in spawning behavior or population stress - and give resource managers the information they need to adapt conservation strategies before it's too late."

At the center of the analysis was an advanced machine-learning tool called FADAR (fish acoustic detection algorithm research). This custom-built acoustic classifier allowed the team to detect and distinguish between different types of mating calls with extraordinary speed and accuracy.

"This study shows how much we can learn simply by listening," said Cherubin. "Thanks to FADAR, we processed 12 years of acoustic data in weeks - uncovering patterns that would have taken years to find. It's a game changer for monitoring and managing reef fish like red hind."

By using advanced acoustic technology at a single site, researchers can detect shifts in reproductive behavior and population dynamics remotely, providing crucial early warning signs of stress. This kind of data is essential for resource managers developing strategies to protect spawning grounds and sustain fisheries.

"As passive acoustics advances, it's transforming our understanding of the ocean," said Cherubin. "By tuning in to underwater soundscapes, we're discovering not just when and where fish spawn, but how those patterns change over time - offering vital insights into the health of marine ecosystems."

Study co-authors are Caroline Woodward, United States Geological Survey; Michelle Scharer-Umpierre, Ph.D., associate researcher, HJR Reefscaping and the University of Puerto Rico-Mayaguez; Richard S. Nemeth, Ph.D., research professor, Center for Marine and Environmental Studies, University of the Virgin Islands; Richard Appeldoorn, Ph.D., a faculty member; and Evan Tuhoy, a Ph.D. candidate, both within the Department of Marine Sciences, University of Puerto Rico; and Ali K. Ibrahim, Ph.D., a research engineer in FAU's Department of Electrical Engineering and Computer Science.
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AI breakthrough finds life-saving insights in everyday bloodwork | ScienceDaily
Routine blood samples, such as those taken daily at any hospital and tracked over time, could help predict the severity of an injury and even provide insights into mortality after spinal cord damage, according to a recent University of Waterloo study.


						
The research team utilized advanced analytics and machine learning, a type of artificial intelligence, to assess whether routine blood tests could serve as early warning signs for spinal cord injury patient outcomes.

More than 20 million people worldwide were affected by spinal cord injury in 2019, with 930,000 new cases each year, according to the World Health Organization. Traumatic spinal cord injury often requires intensive care and is characterized by variable clinical presentations and recovery trajectories, complicating diagnosis and prognosis, especially in emergency departments and intensive care units.

"Routine blood tests could offer doctors important and affordable information to help predict risk of death, the presence of an injury and how severe it might be," said Dr. Abel Torres Espin, a professor in Waterloo's School of Public Health Sciences.

The researchers sampled hospital data from more than 2,600 patients in the U.S. They used machine learning to analyze millions of data points and discover hidden patterns in common blood measurements, such as electrolytes and immune cells, taken during the first three weeks after a spinal cord injury.

They found that these patterns could help forecast recovery and injury severity, even without early neurological exams, which are not always reliable as they depend on a patient's responsiveness.

"While a single biomarker measured at a single time point can have predictive power, the broader story lies in multiple biomarkers and the changes they show over time," said Dr. Marzieh Mussavi Rizi, a postdoctoral scholar in Torres Espin's lab at Waterloo.




The models, which do not rely on early neurological assessment, were accurate in predicting mortality and the severity of injury as early as one to three days after admission to the hospital, compared to standard non-specific severity measures that are often performed during the first day of arrival to intensive care.

The research also found that accuracy increased over time as more blood tests became available. Although other measures, such as MRI and fluid omics-based biomarkers, can also provide objective data, they are not always readily accessible across medical settings. Routine blood tests, on the other hand, are economical, easy to obtain, and available in every hospital.

"Prediction of injury severity in the first days is clinically relevant for decision-making, yet it is a challenging task through neurological assessment alone," Torres Espin said. "We show the potential to predict whether an injury is motor complete or incomplete with routine blood data early after injury, and an increase in prediction performance as time progresses.

"This foundational work can open new possibilities in clinical practice, allowing for better-informed decisions about treatment priorities and resource allocation in critical care settings for many physical injuries."

The study, Modeling trajectories of routine blood tests as dynamic biomarkers for outcome in spinal cord injury, was published in Nature's NPJ Digital Medicine Magazine.
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How dehydration secretly fuels anxiety and health problems | ScienceDaily
Drinking too little water could increase our vulnerability to stress-related health issues, according to a new study from scientists at LJMU.


						
People who drink less than the recommended daily fluid intake experience a greater stress hormone response, which is associated with an increased risk of heart disease, diabetes and depression.

A new study, published recently in the Journal of Applied Physiology, found that individuals who drank less than 1.5 liters of fluid - or seven cups of tea - per day had a cortisol response to stress that was over 50% higher than those who met daily water intake recommendations.

Study lead Professor Neil Walsh, a physiologist in LJMU's School of Sport and Exercise Sciences, said: "Cortisol is the body's primary stress hormone and exaggerated cortisol reactivity to stress is associated with an increased risk of heart disease, diabetes and depression."

"If you know you have a looming deadline or a speech to make, keeping a water bottle close could be a good habit with potential benefits for your long-term health."

Poor long-term health 

With the project funded by Danone R&I, Neil and his team divided healthy young adults into two equally sized groups, representing the lowest and highest 25% for daily fluid intake. The 'low fluid' group consisted of individuals who typically drank less than 1.5 liters of fluid per day (water, hot drinks etc.). The 'high fluid' group included individuals who regularly met the daily water intake recommendations - 2 liters for women and 2.5 liters for men. Both groups were matched for key factors known to influence stress responses such as psychological characteristics and sleep.




Participants maintained their usual drinking habits for one week, during which hydration levels were monitored in blood and urine samples. Then participants underwent the Trier Social Stress Test, widely used to simulate real-world stress through a mock job interview and a mental arithmetic task.

Dr Daniel Kashi, a member of the study team, said: "Both groups felt equally anxious and experienced similar increases in heart rate during the stress test. However, only the 'low fluid' group showed a significant increase in saliva cortisol in response to the stress test."

He added: "Although the low fluid group did not report being thirstier than the high fluid group, they had darker and more concentrated urine, clear signs of poor hydration. An important observation was that poor hydration was associated with greater cortisol reactivity to the stress test. Exaggerated cortisol reactivity to stress has been associated with poor long-term health."
"If you have a stressful schedule, keeping a bottle of water close could be a good habit."

Dr Daniel Kashi, physiologist, LJMU

Why is dehydration harmful? 

The answer lies in the body's water-regulation system, which is closely connected to the brain's stress-response center. When the body senses dehydration, whether due to inadequate fluid intake or excessive fluid loss, it triggers the release of a hormone called vasopressin. Vasopressin acts primarily on the kidneys, promoting water reabsorption to maintain blood volume and electrolyte balance. This conservation mechanism comes at a cost. Sustained vasopressin release places additional strain on the kidneys, which must work harder to concentrate urine and manage electrolyte balance.




Vasopressin also acts on the brain's stress-response center, the hypothalamus, where it can influence the release of cortisol. This dual role for vasopressin helps maintain blood volume and electrolyte balance but also increases cortisol.

The researchers say that while further long-term studies are needed, the findings reinforce current water intake recommendations - approximately 2 liters of fluid each day for women and 2.5 liters for men.

Hydration helps us manage stress 

"Being hydrated may help your body manage stress more effectively," added Dr Kashi. A practical way to check your hydration status is to monitor your urine colour -- light yellow typically indicates good hydration.

"If you know, for example, that you have a stressful schedule, maybe a looming deadline or a speech to make, keeping a water bottle close could be a good habit with potential benefits for your long-term health."
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This surprising building material is strong, cheap, and sustainable | ScienceDaily
Engineers in Australia have developed a new building material with about one quarter of concrete's carbon footprint, while reducing waste going to landfill.


						
This innovative material, called cardboard-confined rammed earth, is composed entirely of cardboard, water and soil - making it reusable and recyclable.

In Australia alone, more than 2.2 million tons of cardboard and paper are sent to landfill each year. Meanwhile, cement and concrete production account for about 8% of annual global emissions.

Cardboard has previously been used in temporary structures and disaster shelters, such as Shigeru Ban's iconic Cardboard Cathedral in Christchurch, New Zealand.

Inspired by such designs, the RMIT University team has, for the first time, combined the durability of rammed earth with the versatility of cardboard.

Why it matters

Lead author Dr Jiaming Ma from RMIT said the development of cardboard-confined rammed earth marked a significant advancement toward a more sustainable construction industry.




"Modern rammed earth construction compacts soil with added cement for strength. Cement use is excessive given the natural thickness of rammed earth walls," he said.

But cardboard-confined rammed earth, developed at RMIT University, eliminates the need for cement and boasts one quarter of the carbon footprint at under one third of the cost, compared to concrete.

"By simply using cardboard, soil and water, we can make walls robust enough to support low-rise buildings," Ma said.

"This innovation could revolutionize building design and construction, using locally sourced materials that are easier to recycle.

"It also reflects the global revival of earth-based construction fueled by net zero goals and interest in local sustainable materials."

Practical benefits

The cardboard-confined rammed earth can be made on the construction site by compacting the soil and water mixture inside the cardboard formwork, either manually or with machines.




Study corresponding author and leading expert in the field of structural optimization, Emeritus Professor Yi Min 'Mike' Xie, said this advancement can spearhead a leaner, greener approach to construction.

"Instead of hauling in tonnes of bricks, steel and concrete, builders would only need to bring lightweight cardboard, as nearly all material can be obtained on site," Xie said.

"This would significantly cut transport costs, simplify logistics and reduce upfront material demands."

Ma said cardboard-confined rammed earth could be an effective solution for construction in remote areas, such as regional Australia, where red soils - ideal for rammed earth construction - are plentiful.

"Rammed earth buildings are ideal in hot climates because their high thermal mass naturally regulates indoor temperatures and humidity, reducing the need for mechanical cooling and cutting carbon emissions," he said.

The mechanical strength of the novel material varies based on the thickness of the cardboard tubes.

Ma said the team has developed the formula for this strength design.

"We've created a way to figure out how the thickness of the cardboard affects the strength of the rammed earth, allowing us to measure strength based on cardboard thickness," Ma said.

In a separate study lead by Ma, carbon fiber was combined with rammed earth, proving it had a comparable strength to high-performance concrete.

Ma and the team are ready to partner with various industries to further develop this new material so it can be used widely.
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Sneezing from cats or dust? Safe UV light may neutralize allergens in minutes | ScienceDaily
Cats. Dust mites. Mold. Trees.


						
For people with allergies, even a brief whiff of the airborne allergens these organisms produce can lead to swollen eyes, itchy skin and impaired breathing.

Such allergens can persist indoors for months after the original source is gone, and repeated exposure can exacerbate, and even lead to, asthma.

What if you could just flip a switch and disable them? You can, according to new University of Colorado Boulder research.

"We have found that we can use a passive, generally safe ultraviolet light treatment to quickly inactivate airborne allergens," said study author Tess Eidem, a senior research associate in the Department of Civil, Environmental and Architectural Engineering.

"We believe this could be another tool for helping people fight allergens in their home, schools or other places where allergens accumulate indoors."

The findings were published in August in the journal ACS ES&T Air.




Why you can't kill an allergen

Walk into a room with a cat and, if you sneeze, it's not actually the cat you are reacting to. It's likely airborne flecks of a protein called Fel d1 produced in their saliva. The protein spreads when they lick themselves and ends up in microscopic flakes of dead skin floating in the air, a.k.a. dander. When we inhale these particles, our immune system produces antibodies that bind to the protein's unique 3D structure, kicking off an allergic reaction.

Dogs, mice, dust mites, mold and plants all emit their own unique proteins, with their own unique structure. Unlike bacteria and viruses, these allergens can't be killed because they were never alive.

"After those dust mites are long gone, the allergen is still there," said Eidem. "That's why, if you shake out a rug, you can have a reaction years later."

Standard methods of reducing allergens -- like vacuuming, washing walls, using an air filter and regularly bathing pets -- can work OK but are hard to maintain long-term studies show.

Eidem and co-authors Mark Hernandez, a professor of Civil, Environmental and Architectural Engineering, and Kristin Rugh, a microbiologist in the lab, sought a simpler way.




Instead of eliminating the proteins that cause allergies, they sought to change their structure -- much like unfolding an origami animal -- so the immune system wouldn't recognize them.

"If your immune system is used to a swan and you unfold the protein so it no longer looks like a swan, you won't mount an allergic response," explained Eidem.

UV light, their study suggests, can do that.

Let there be light

Previous research has shown that UV light can kill airborne microorganisms, including the virus that causes COVID-19.

It's already used widely to disinfect equipment in hospitals, airports and elsewhere, but the bandwidth is typically so strong (a wavelength of 254 nanometers) that users must wear protective equipment to prevent damage to skin and eyes.

Eidem used 222-nanometer-wavelength lights, a less-intense alternative considered safe for occupied spaces because it doesn't penetrate deep into cells. (It does not come entirely without risks, including ozone production, she notes, so exposure should be limited.)

The team pumped microscopic aerosolized allergens from mites, pet dander, mold and pollen into an unoccupied and sealed 350-cubic-foot chamber. Then they switched on four lunchbox-sized UV222 lamps on the ceiling and floor.

When they sampled the air at 10-minute intervals and compared it to untreated, allergen-filled air via laboratory tests, they saw significant differences. In the treated samples, immunorecognition was reduced, meaning the antibodies no longer recognized many of the proteins and stuck to them.

After just 30 minutes, airborne allergen levels effectively decreased by about 20% to 25% on average, the study showed.

"Those are pretty rapid reductions when you compare them to months and months of cleaning, ripping up carpet, and bathing your cat," said Eidem.

A portable allergy buster?

UV222 lights are already commercially available, mostly for industrial antimicrobial uses.

But Eidem envisions a day when companies could engineer portable versions for people to switch on when they visit a friend with a pet or clean out a dusty basement.

UV222 systems could also potentially protect workers frequently exposed to allergens, such as those who work around live animals or in cannabis grow houses where, her own research shows, allergic reactions can be deadly.

One-in-three adults and children in the United States have allergies, according to the Centers for Disease Control. Eidem hopes her research, and more to come, can provide them with some relief -- or even save lives.

"Asthma attacks kill about 10 people every day in the United States, and they are often triggered by airborne allergies," she said. "Trying to develop new ways to prevent that exposure is really important."
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The shocking reason Arctic rivers are turning rusty orange | ScienceDaily
Ice can dissolve iron minerals more effectively than liquid water, according to a new study from Umea University. The discovery could help explain why many Arctic rivers are now turning rusty orange as permafrost thaws in a warming climate.


						
The study, recently published in the scientific journal PNAS, shows that ice at minus ten degrees Celsius releases more iron from common minerals than liquid water at four degrees Celsius. This challenges the long-held belief that frozen environments slow down chemical reactions.

"It may sound counterintuitive, but ice is not a passive frozen block," says Jean-Francois Boily, Professor at Umea University and co-author of the study. "Freezing creates microscopic pockets of liquid water between ice crystals. These act like chemical reactors, where compounds become concentrated and extremely acidic. This means they can react with iron minerals even at temperatures as low as minus 30 degrees Celsius."

To understand the process, the researchers studied goethite - a widespread iron oxide mineral - together with a naturally occurring organic acid, using advanced microscopy and experiments.

They discovered that repeated freeze-thaw cycles make iron dissolve more efficiently. As the ice freezes and thaws, organic compounds that were previously trapped in the ice are released, fuelling further chemical reactions. Salinity also plays a crucial role: fresh and brackish water increase dissolution, while seawater can suppress it.

The findings apply mainly to acidic environments, such as mine drainage sites, frozen dust in the atmosphere, acid sulfate soils along the Baltic Sea coast, or in any acidic frozen environment where iron minerals interact with organics. The next step is to find out if the same is true for all iron-bearing ice. This is what ongoing research in the Boily laboratory will soon reveal.

"As the climate warms, freeze-thaw cycles become more frequent," says Angelo Pio Sebaaly, doctoral student and first author of the study. "Each cycle releases iron from soils and permafrost into the water. This can affect water quality and aquatic ecosystems across vast areas."

The findings show that ice is not a passive storage medium, but an active player. As freezing and thawing increase in polar and mountain regions, for the impact on ecosystems. and the natural cycling of elements could be significant.
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Scientists finally capture water's hidden state that's both solid and liquid | ScienceDaily
Despite being one of the most familiar substances on Earth, water holds many secrets that scientists are still working to understand. When confined to extremely small spaces -- such as within certain proteins, minerals, or artificial nanomaterials -- water behaves in ways that are drastically different from its bulk liquid form. These confinement effects are critical for many natural and technological processes, including regulating the flow of ions through cell membranes and the properties of nanofluidic systems.


						
One intriguing yet poorly understood state of confined water is called the 'premelting state.' In this unique phase, water behaves as if it were on the cusp of freezing and melting at the same time, thus defying simple liquid or solid classifications. However, it has proven difficult to study the premelting state and other confined water dynamics in detail. While techniques such as diffraction methods (example: X-ray analysis) are useful for pinpointing the positions of atoms other than hydrogen, they are not sensitive enough to capture the picosecond-scale rotational motion of hydrogen and the motion of individual water molecules.

In a recent study, a research team led by Professor Makoto Tadokoro alongside Lecturer Fumiya Kobayashi and first-year PhD student Mr. Tomoya Namiki, from the Department of Chemistry, Tokyo University of Science, Japan, shed new light on the mysteries of confined water. Their paper, published online in the Journal of the American Chemical Society on August 27, 2025, reports how they used static solid-state deuterium nuclear magnetic resonance (NMR) spectroscopy to observe the hierarchical dynamics of water confined within the hydrophilic nanopores of a molecular crystal and characterized the premelting state, which is a new phase observed in water.

To perform their experiments, the team produced hexagonal rod-like crystals, with quasi-one-dimensional channels containing a nanopore approximately 1.6 nm in diameter and filled them with heavy water (D2O). By measuring the NMR spectra of a single crystal of {[Co(D2bim)3](TMA).20D2O}n at room temperature, the researchers were able to confirm the existence of a hierarchical, three-layered structure in the contained water molecules. The unique peaks observed in the spectra corresponded to every layered structures with distinct movements and hydrogen-bonding interactions with one another of the confined water, providing clear evidence of multi-layered organization. Furthermore, water confined in the nanopores freezes in a different structure from bulk ice and first melts through a distorted hydrogen-bonded structure, leading to the formation of a premelting state.

To gain insights into the premelting state, the researchers heated the crystal gradually from low temperature to get the water from a frozen state to a liquid state. They observed distinct changes in the NMR spectra that confirmed a phase transition into the premelting state, and their measurements revealed the presence of two seemingly contradictory states. "The premelting state involves the melting of incompletely hydrogen-bonded H2O before the completely frozen ice structure starts melting during the heating process. It essentially constitutes a novel phase of water in which frozen H2O layers and slowly moving H2O coexist," explains Prof. Tadokoro.

The researchers measured the spin-lattice relaxation time to quantify the rotational mobility of the heavy water molecules in this new phase. While the activation energy for the premelting state was far from that of bulk ice, the correlation time was remarkably close to that of bulk liquid water. Simply put, this means that while the water molecules' positions were relatively fixed as one would expect of a solid, their rotational motions were extremely fast and liquid-like.

Taken together, these findings build toward a more comprehensive understanding of how water behaves in extreme confinement. They clarify crucial structural and dynamic aspects, which are important for understanding how water and ions permeate through biological proteins and membranes. Looking ahead, these insights could also lead to practical innovations. "By creating new ice network structures, it may be possible to store energetic gases such as hydrogen and methane and develop water-based materials such as artificial gas hydrates," says Prof. Tadokoro. Controlling the freezing properties of water based on the structure of ice could lead to the creation of new, inexpensive, and safe hydrosphere materials.

Overall, this study ultimately demonstrates that even a substance as common as water still holds fundamental secrets waiting to be unlocked.

This work was supported by JSPS KAKENHI Grant-in-Aid for Scientific Research (B) JP23K26672 and JSPS KAKENHI Grant-in-Aid for Early-Career Scientists JP23K13767 from the Ministry of Education, Culture, Sports, Science, and Technology, Japan.
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Hidden for 125 years, a Welsh fossil turns out to be a dinosaur | ScienceDaily
Paleontologists at the University of Bristol have officially identified a new species of dinosaur from Triassic fossil beds in South Wales, near Penarth - more than 125 years after the specimen was initially reported.


						
Using modern digital scanning techniques the researchers were able to shed new light on the fossil jawbone, which has been known since 1899 and been on display in the National Museum of Wales for many years, but was not correctly identified until now.

The fossil consists of natural molds of the jawbone in the rock and all the original bone has disappeared. So, using photo scanning, paleontology student Owain Evans was able to make a perfect 3D digital reconstruction to enable detailed study.

Owain Evans said: "This specimen has been referred to many times in scientific papers, but had yet to be successfully identified - we were not even sure whether it was dinosaur. It was named Zanclodon cambrensis by Edwin Tully Newton in 1899, but we knew the name Zanclodon had been abandoned as referring to a broad variety of early reptiles. Therefore, we name it after Newton, calling it Newtonsaurus. It is different from all other dinosaurs from around that time, and requires a distinctive name."

Professor Michael J Benton, who is the senior author on the paper, said: "The natural molds of the inner and outer faces of the jawbone show amazing detail - every groove, ridge, tooth, and even the serrations along the edges of the teeth. We decided to use digital photography to make a 3D model. We began by surface scanning the fossil using photogrammetry. Once we had our digital scan, we then inverted it - essentially giving us a digital negative of the mold. It was then a simple case of fusing the two sides together and analyzing the anatomy from there. The digital reconstruction we have extracted from the specimen gives a much better idea of what the original structure of the bone would have looked like."

Now that the fossil could be studied, the team was able to use its anatomy to piece together its position in the reptile family tree - and most crucially - whether it was a dinosaur or not.

Owain Evans said: "We can now confirm that this specimen very likely belonged to a large predatory theropod dinosaur, that roamed the shores of South Wales during the latest Triassic. It has some definite unique dinosaur features in the emplacement of the teeth, and it is a theropod -- a predatory, flesh-eating dinosaur. Otherwise, it sits near the origins of both major divisions of Theropoda, the Coelophysoidea and the Averostra.

"Most unexpected is the size of the animal. The preserved jawbone is 28 cm long, and that is just the front half, so originally the jawbone was 60 cm long, corresponding to a dinosaur with a body length of 5-7 meters. This is unusually large for a Triassic theropod, most of which were half the size or smaller."

Cindy Howells at the National Museum of Wales said: "These historical specimens are vitally important in paleontology and often yield new and exciting results - even if they have been sitting in collections for years. The Victorians were fascinated by the fossil record and prospected all across the UK for fossils. On top of this, the re-description of Newtonsaurus cambrensis once again highlights the significance of Wales in paleontological research. These Triassic beds are rare worldwide, and yet there are several across Wales. There might very well be another dinosaur waiting to be discovered."
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Strange new hybrid bird spotted in Texas backyard | ScienceDaily
Biologists at The University of Texas at Austin, who have reported discovering a bird that's the natural result of a green jay and a blue jay's mating, say it may be among the first examples of a hybrid animal that exists because of recent changing patterns in the climate. The two different parent species are separated by 7 million years of evolution, and their ranges didn't overlap as recently as a few decades ago.


						
"We think it's the first observed vertebrate that's hybridized as a result of two species both expanding their ranges due, at least in part, to climate change," said Brian Stokes, a graduate student in ecology, evolution and behavior at UT and first author of the study.

Stokes noted that past vertebrate hybrids have resulted from human activity, like the introduction of invasive species, or the recent expansion of one species' range into another's - think polar bears and grizzlies - but this case appears to have occurred when shifts in weather patterns spurred the expansion of both parent species.

In the 1950s, the ranges of green jays, a tropical bird found across Central America, extended just barely up from Mexico into south Texas and the range of blue jays, a temperate bird living all across the Eastern U.S., only extended about as far west as Houston. They almost never came into contact with each other. But since then, as green jays have pushed north and blue jays have pushed west, their ranges have converged around San Antonio.

As a Ph.D. candidate studying green jays in Texas, Stokes was in the habit of monitoring several social media sites where birders share photos of their sightings. It was one of several ways he located birds to trap, take blood samples for genetic analysis and release unharmed back to the wild. One day, he saw a grainy photo of an odd-looking blue bird with a black mask and white chest posted by a woman in a suburb northeast of San Antonio. It was vaguely like a blue jay, but clearly different. The backyard birder invited Stokes to her house to see it firsthand.

"The first day, we tried to catch it, but it was really uncooperative," Stokes said. "But the second day, we got lucky."

The bird got tangled in a mist net, basically a long rectangular mesh of black nylon threads stretched between two poles that is easy for a flying bird to overlook as it's soaring through the air, focused on some destination beyond. Stokes caught and released dozens of other birds, before his quarry finally blundered into his net on the second day.




Stokes took a quick blood sample of this strange bird, banded its leg to help relocate it in the future, and then let it go. Interestingly, the bird disappeared for a few years and then returned to the woman's yard in June 2025. It's not clear what was so special about her yard.

"I don't know what it was, but it was kind of like random happenstance," he said. "If it had gone two houses down, probably it would have never been reported anywhere."

According to an analysis by Stokes and his faculty advisor, integrative biology professor Tim Keitt, published in the journal Ecology and Evolution, the bird is a male hybrid offspring of a green jay mother and a blue jay father. That makes it like another hybrid that researchers in the 1970s brought into being by crossing a green jay and a blue jay in captivity. That taxidermically preserved bird looks much like the one Stokes and Keitt describe and is in the collections of the Fort Worth Museum of Science and History.

"Hybridization is probably way more common in the natural world than researchers know about because there's just so much inability to report these things happening," Stokes said. "And it's probably possible in a lot of species that we just don't see because they're physically separated from one another and so they don't get the chance to try to mate."

The scientists' work was supported by a ConTex Collaborative Research Grant through UT System, the Texas EcoLab Program and Planet Texas 2050, a University of Texas at Austin grand challenge initiative.

The researchers did not opt to name the hybrid bird, but other naturally occurring hybrids have received nicknames like "grolar bear" for the polar bear-grizzly hybrid, "coywolf" for a creature that's part coyote and part wolf and "narluga" for an animal with both narwhal and beluga whale parents.
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Hidden gene trick lets ants smell with super precision | ScienceDaily
Ant societies are built on scent. Pheromones guide the insects to food, warn them of predators, and regulate the rhythms of their colonies. This chemical communication system is governed by a simple rule: one receptor, one neuron. Ant genomes contain hundreds of odorant receptor genes, each encoding a receptor tuned to specific chemicals. Were a neuron to express multiple receptors at once, the messages arriving in the brain would be scrambled, and the ant would lose its finely tuned sense of smell.


						
Now, scientists working with the clonal raider ant have discovered the unique process by which each neuron selects a single odorant receptor from a vast library of genes. The findings, published in Current Biology, settle the longstanding mystery of how ants keep sensory signals clear.

"We're describing a new form of gene regulation," says Daniel Kronauer, head of the Laboratory of Social Evolution and Behavior at Rockefeller. "Our results demonstrate the importance of studying less conventional model species. We were able to discover new, fundamental molecular phenomena in clonal raider ants that we could not have seen in fruit flies."

One receptor, one neuron

A central principle of smell is that every neuron must have its own molecular identity. "It's a kind of dogma in the field of sensory neuroscience," says Giacomo Glotzer, a graduate student in the Kronauer lab. "Each sensory neuron typically expresses one receptor -- and that gives it its identity."

Different species solve the "one receptor, one neuron" puzzle in different ways. Fruit flies rely on molecular switches that turn individual genes on or off, ensuring that only one receptor emerges from each sensory neuron. Mammals employ a more chaotic approach, with each neuron randomly reshuffling its chromatin until only one receptor gene remains accessible.

It was unknown, however, whether ants employed a strategy more like the fly or the mouse, or altogether different strategy. Unlike fruit flies, which get by with about 60 odorant receptors, ants have several hundred -- comparable in scale to that of mammals. And many of their receptors are packed into clusters of nearly identical genes. In such a crowded neighborhood, turning on one gene might incidentally activate others. A simple strategy like the fruit fly's may not work for the ant's complex sense of smell, suggesting that ants maintain the 1:1 olfactory ratio some other way.




Building on a foundational paper on the subject that the team had published in 2023, the lab set out to capture this elusive mechanism in action. After dissecting the antennal tissue of clonal raider ants, the team then used RNA sequencing, to determine which genes were turned on, and RNA fluorescence in situ hybridization, to localize those genes in the ant antenna. They then used numerous cutting-edge molecular and computational techniques to create a clear image of one chosen receptor surrounded by its quieted neighbors.

They found that, when an ant neuron switches on its chosen receptor gene, it doesn't stop there. The RNA polymerase -- the engine that copies the DNA into RNA -- continues past that gene's normal endpoint, spilling into the genes that sit downstream of the target. These "readthrough" transcripts remain trapped in the nucleus, likely because they lack the unique tag required for export. The authors speculate that these transcripts are non-functional, but that their production itself is what silences downstream genes. Meanwhile, the neuron also generates "antisense" RNAs in the other direction. The polymerase here acts as a roadblock to silence upstream genes that might otherwise have turned on.

The result is a protective genetic shield around the chosen receptor gene.

"When we took the mechanism apart and dissected it into its constituent parts, we found that this strategy serves to silence the local genomic environment, giving that cell its singular receptor identity," says Parviz Daniel Hejazi Pastor, a biomedical fellow in the Kronauer lab. "Our findings center around transcriptional interference -- that the neuron chooses one receptor by preventing the true transcription of other receptors both upstream and downstream."

Beyond clonal raider ants

The team went on to confirm that this same mechanism is at work in other social insects, including the Indian jumping ant and the honeybee. These findings raise the possibility that many insects, both social and non-social, use transcriptional interference to maintain a 1:1 ratio between receptors and neurons. "This mechanism may be even more broadly distributed than we thought, particularly among insect species with large repertoires of olfactory receptor genes" Kronauer says. "It's even possible that fruit flies are the odd ones out."

The implications extend far beyond insect olfaction. By showing that tight clusters of related genes can be governed by two-way safeguards -- readthrough that quiets downstream neighbors and antisense transcription that blocks upstream ones -- this work offers a blueprint for how genomes might keep large gene families in check. The results also point to a potential mechanism for explaining how ants quickly expand their sense of smell over relatively short evolutionary time. The findings described in this paper might allow newly duplicated receptor genes to be integrated into a sensory system without the need to coevolve additional regulatory mechanisms.

"Once you have the system in place like this, you can allow it to become more complex without disrupting anything," Kronauer says. "We speculate that this kind of gene regulatory system contributes to allowing the ants to evolve new olfactory receptors so quickly."
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Stunning fossil from the Gobi Desert rewrites dinosaur history | ScienceDaily
A "teenaged" pachycephalosaur from Mongolia's Gobi Desert may provide answers to lingering questions around the dinosaur group, according to new research published on September 17 in the journal Nature. The fossil represents a new species of pachycephalosaur and is both the oldest and most complete skeleton of this dinosaur group found to date.


						
"Pachycephalosaurs are iconic dinosaurs, but they're also rare and mysterious," says Lindsay Zanno, associate research professor at North Carolina State University, head of paleontology at the North Carolina Museum of Natural Sciences and corresponding author of the work.

The specimen was discovered in the Khuren Dukh locality of the Eastern Gobi Basin by Tsogtbaatar Chinzorig from the Mongolian Academy of Sciences, who is the lead author of the paper and currently a research assistant at NC State.

The new species is called Zavacephale rinpoche, which is the combination of zava, meaning "root" or "origin" in Tibetan, and cephal, meaning "head" in Latin. The specific name, "rinpoche," or "precious one" in Tibetan, refers to the domed skull discovered exposed on a cliff like a cabochon jewel.

Z. rinpoche lived around 108 million years ago during the Early Cretaceous period in what is now Mongolia's Gobi Desert. At the time, the area was a valley dotted with lakes and surrounded by cliffs or escarpments. Pachycephalosaurs were plant eaters, and adults could grow to around 14 feet long (4.3 meters) and seven feet tall (2.1 meters), weighing 800 -- 900 pounds (363 - 410 kilograms).

"Z. rinpoche predates all known pachycephalosaur fossils to date by about 15 million years," Chinzorig says. "It was a small animal - about three feet or less than one meter long - and the most skeletally complete specimen yet found."

The Z. rinpoche specimen the team discovered was not fully grown when it died. However, it already sported a fully formed dome, though without much of the additional ornamentation found on other pachycephalosaur fossils.




"Z. rinpoche is an important specimen for understanding the cranial dome development of pachycephalosaurs, which has been debated for a long time due to the absence of early diverging or pre-Late Cretaceous species and the fragmentary nature of nearly all pachycephalosaurian fossils," Chinzorig says.

How to tell whether two skulls that look different belong to two distinct species or just different growth stages of the same species is a long-standing debate for paleontologists who study this group, and that's where Z. rinpoche comes in.

"Pachycephalosaurs are all about the bling, but we can't use flashy signaling structures alone to figure out what species they belong to or what growth stage they're in because some cranial ornamentation changes as animals mature," Zanno says.

"We age dinosaurs by looking at growth rings in bones, but most pachycephalosaur skeletons are just isolated, fragmentary skulls," Zanno adds. "Z. rinpoche is a spectacular find because it has limbs and a complete skull, allowing us to couple growth stage and dome development for the first time."

By examining a thin slice of the specimen's lower leg bone, the researchers determined that, despite sporting a fully formed dome, this Z. rinpoche was still a juvenile when it died.

Pachycephalosaurs are famous for their large domed skulls and are often depicted using those domes to duel in epic headbutting contests. "The consensus is that these dinosaurs used the dome for socio-sexual behaviors," Zanno says. "The domes wouldn't have helped against predators or for temperature regulation, so they were most likely for showing off and competing for mates.




"If you need to headbutt yourself into a relationship, it's a good idea to start rehearsing early," she says.

Z. rinpoche fills in huge gaps in the pachycephalosaur timeline - both in terms of when they lived and how they grew, the researchers say.

"This specimen is a once-in-a-lifetime discovery. It is remarkable for being the oldest definitive pachycephalosaur, pushing back the fossil record of this group by at least 15 million years, but also because of how complete and well-preserved it is," Zanno says. "Z. rinpoche gives us an unprecedented glimpse into the anatomy and biology of pachycephalosaurs, including what their hands looked like and that they used stomach stones to grind food."

"The newly recovered materials of Z. rinpoche, such as the hand elements, the stomach stones (gastroliths), and an articulated tail with covered tendons, reshape our understanding of the paleobiology, locomotion, and body plan of these 'mysterious' dinosaurs," Chinzorig says.

The work appears in Nature and was supported by the National Geographic Society (grant NGS-100601R-23). Ryuji Takasaki of the Okayama University of Science; Junki Yoshida of the Fukushima Museum; Batsaikhan Buyantegsh, Buuvei Mainbayar and Khishigjav Tsogtbaatar of the Institute of Paleontology of the Mongolian Academy of Sciences; and Ryan Tucker of Stellenbosch University contributed to the work.
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Clear skin in a week with this breakthrough acne patch | ScienceDaily
Waking up with a pimple is no longer cause for panic, thanks to pimple patches -- small, sticker-like bandages that cover and help heal the unwanted zit. A team of researchers publishing in ACS Applied Materials & Interfaces has designed a two-stage pimple patch set with an array of tiny spikes that grabs onto the pimple and delivers antibacterial or anti-inflammatory compounds. Human clinical trials confirmed that the pimples completely disappeared after seven days of treatment.


						
Also called acne stickers, pimple patches are made of polymers that absorb excess moisture and oil. Some versions contain medications that reduce inflammation or fight infection. These medicated stickers often use microarrays (rows of teensy spikes) that penetrate the skin's outermost layer and deliver compounds underneath. But microarrays may shift during wear and irritate the skin. So, Shayan Fakhraei Lahiji, Yong-Hee Kim and colleagues wanted to design a medicated acne patch system with a microarray platform that stays put.

To create their patch, the researchers first printed a microarray of arrowhead-shaped spikes using a specialized 3D printer. This unique shape helped the patch lock in place when attached to the skin. The patch's backbone is made of hyaluronic acid -- a gooey polymer that's a common skincare ingredient -- that was mixed with either antibacterial agents (including salicylic acid and Cannabis sativa extract) or anti-inflammatory agents (including niacinamide and chamomile extract).

These patches were clinically tested on 20 participants. On the first day, the participants applied the antibacterial patch, and for the next six days, they applied a new anti-inflammatory patch. The hyaluronic acid-based microarray dissolved into the skin within 30 to 90 minutes, with no pain or irritation. After three days, participants noted an 81% reduction in acne lesions in the treated areas compared to untreated pimples, and after seven days, the treated pimples were gone altogether. Additionally, researchers noted a significant reduction in sebum -- an oily substance that causes acne. Around 95% of participants report that they were satisfied with the results of the treatment.

The researchers plan to make their new patch available for purchase in fall 2025, in both South Korea and the United States. In addition, the technology could be reformulated to deliver other therapies, beyond just acne-fighting compounds.

"Our work highlights the potential of microarray patches as a platform for applications beyond acne treatment, ranging from skin disorders to obesity therapies and vaccine delivery," explains Kim.

The authors acknowledge funding from the Technology Development Program of the Korean Ministry of SMEs and Startups; the Korea Health Technology R&D Project through the Korea Health Industry Development Institute; and the Korean Ministry of Health & Welfare.

The authors are employees of Cursus Bio Inc., a company focusing on microarray-based technologies.
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Smoking's hidden gut bacteria trick may lead to new colitis treatments | ScienceDaily
Researchers led by Hiroshi Ohno at the RIKEN Center for Integrative Medical Sciences (IMS) in Japan have discovered why smoking tobacco helps people suffering from ulcerative colitis, a chronic disease typified by inflammation of the large intestine. Published in the scientific journal Gut, the study shows that smoking produces metabolites that encourage bacteria from the mouth to grow in the large intestines where they trigger an immune response. These findings imply that protection against ulcerative colitis can be achieved through prebiotics like hydroquinone or probiotic therapy with bacteria like Streptococcus mitis, thus eliminating the need to smoke and all the associated risks for other diseases.


						
Inflammatory bowel disease comes in two main varieties, Crohn's disease and ulcerative colitis. Although both cause chronic abdominal pain, diarrhea, fatigue and weight loss, their causes and the exact type and location of the inflammation differ. Along with these differences is a mystery that has puzzled doctors and scientists for over 40 years; smoking increases the risk of Crohn's disease but somehow protects against ulcerative colitis. As both diseases are related to gut inflammation -- which is an immune response -- and gut immunity depends in part on the types of bacteria in the gut, Ohno and his team at RIKEN IMS set out to investigate whether the differential effects of smoking on these diseases can be explained by gut bacteria.

The researchers used a combination of human clinical data and experiments with mice to reach their conclusions. Among those with ulcerative colitis, they found that smokers had certain bacteria usually found in the mouth, such as Streptococcus, growing in the gut, specifically in the colonic mucosa that cover the inner lining of the intestines. This phenomenon did not occur in ex-smokers. Thus, while these bacteria normally pass all the way through the digestive system as we swallow saliva throughout the day, smoking somehow allows them to settle down in the gut mucosa.

The next question was why? The researchers also examined gut metabolites -- small substances produced in the gut when food is broken down and processed by the body and gut bacteria. They found that levels of several gut metabolites were higher in smokers with ulcerative colitis than in ex-smokers with colitis. In mice, the researchers found that one of these metabolites, called hydroquinone, promoted the growth of Streptococcus in the gut mucosa. So, smoking-related metabolites like hydroquinone allow mouth bacteria like Streptococcus to flourish in the mucus layer that covers the inner lining of the intestines. But how do these bacteria help reduce inflammation? And why don't they help in Crohn's disease?

The researchers then went back to the oral bacteria that they had discovered was growing in the gut mucosa of smokers with ulcerative colitis, and isolated 10 strains from the saliva of smokers. When they treated mouse models of Crohn's disease and ulcerative colitis with each of these 10 strains for five days, they found that giving the mice Streptococcusmitis had almost the same effect as smoking. Inflammation was reduced in mice with ulcerative colitis and exacerbated in mice with Crohn's disease.

Analysis showed that S. mitis triggered the emergence of helper Th1 cells, which are an important part of the gut's immune response to invaders. In Crohn's disease this likely worsens the condition because the original inflammation is actually caused by these same helper Th1 cells. But in colitis, the Th1 cells fight against an initial Th2-immune response, and this ends up reducing inflammation.

As smoking poses high risks for cancer, heart disease, and many other illnesses, it is not a sustainable treatment for ulcerative colitis. "Our results indicate the relocation of bacteria from the mouth to the gut, particularly those of the Streptococcus genus, and the subsequent immune response in the gut, is the mechanism through which smoking helps protect against the disease," says Ohno. "Logically, direct treatment with this kind of bacteria, or indirect treatment with hydroquinone, is thus likely to mimic the beneficial effects of smoking but avoid all the negative effects."
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Scientists win Ig Nobel Prize for cracking the code to perfect cacio e pepe | ScienceDaily
The Ig Nobel Prize honors research that first makes people laugh, then makes them think. Its 35th award ceremony possibly also makes people hungry: ISTA physicist Fabrizio Olmeda and colleagues researched the secret of a perfect cacio e pepe pasta sauce. They received the popular award for their findings on Thursday evening in Boston.


						
Cacio e pepe is one of Italy's most popular pasta dishes, but even (Italian) scientists often fail to prepare the perfect creamy sauce. Fabrizio Olmeda, a physicist at the Institute of Science and Technology Austria (ISTA), also struggled with this -- until he had had enough of random trial and error and approached the problem scientifically. Together with colleagues (all Italian) from the Max Planck Institute in Dresden, the University of Padua, and the University of Barcelona, he set out to uncover the secret of the perfect sauce so that it would turn out right every time.

On Thursday evening in Boston, USA, the team received the Ig Physics Nobel Prize for their groundbreaking and delicious insight. The prize honors surprising research achievements that first make people laugh, then make them think. It celebrates the unusual and imaginative in order to spark fascination with science, medicine, and technology.

"Investigating phenomena that fascinate me"

ISTA postdoc Fabrizio Olmeda chose statistical physics in the field of complex systems as his research area because it allowed him to apply theoretical physics to a wide range of disciplines, from biology to sociology. "My motivation will always be to investigate phenomena that fascinate me, even if they lie outside my field of expertise, which is the physics of single-cell genomics," says the newly awarded Ig Nobel Prize winner. "Despite increasing specialization, I believe that even in my usual field of research, it can be beneficial to take some time to explore something unusual. I think this award reflects this idea, because its motto, 'First laugh, then think,' can inspire people to take an interest in science."

Martin Hetzer, president of ISTA, emphasizes this: "A mentor once told me: As long as you're having fun, you're doing it right. The Ig Nobel Prize is a wonderful tribute to this credo. At first, the question of how to prepare the perfect Caio e Pepe pasta may sound funny. But real curiosity-driven research brings together creativity, perseverance, precision, and fun. And it always leads to discoveries that have the potential to improve our world a little bit -- on a large scale with innovations or on a small scale on our plates."

What's simmering in the lab? The recipe for delicious research

And that is the essence of the peer-reviewed study published in the scientific journal Physics of Fluids and now honored with the award: Simply mixing the usual ingredients -- Pecorino cheese, pasta water, pepper, and pasta -- often results in a lumpy, mozzarella-like sauce. Why? The starch in the pasta water is supposed to help emulsify and stabilize the sauce, but it is rarely enough on its own. When the temperature rises above 65 degrees Celsius, the cheese proteins denature and clump together, causing the mixture to break down.




The researchers found that the key to the perfect sauce is the right amount of starch. Simply stir starch powder (2-3% of the cheese mass) into the water until the water becomes clear and thickens. Now mix this gel with the cheese at a low temperature so that the starch binds with the proteins and prevents lumps. Then season with pepper as usual. Mix the pasta with the sauce in the pan and add a little pasta water if necessary to achieve the right consistency.

Ingredients:
    	4 g starch (potato or corn starch)
    	40 ml water (to mix the starch)
    	160 g Pecorino Romano
    	240 g pasta (ideally tonnarelli)
    	Pasta cooking water
    	Black pepper and salt (to taste)

Also at the VISTA Science Experience Center

The research question about the perfect pasta is just one of countless questions and topics that have been and continue to be pursued at ISTA in Klosterneuburg by outstanding scientists from around 80 countries. Visitors will soon be able to learn about a selection of these topics -- including the now award-winning pasta research -- at the VISTA Science Experience Center. The center will open in the heart of the ISTA campus with a festival from October 3 to 5, 2025. Admission is free.
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